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1 INTRODUCTION  

1.1 Background 

The�Phase�1�investigation�was�conducted�along�the�shoreline�of�the�NW�Natural�Gasco,�and�

Siltronic�properties�(Site)�to�further�evaluate�the�nature�and�extent�of�contamination�in�

groundwater�and�Willamette�River�sediments.�The�Phase�2�Sampling�Approach�is�the�

proposed�scope�of�work�to�complete�this�in�water�study.�The�Site�Vicinity�is�shown�on�

Figure�1.�General�features�of�the�Gasco�and�Siltronic�properties�are�shown�on�Figure�2.�

�

Information�from�the�Phase�1�investigation�is�being�used�in�NW�Natural’s�

Groundwater/NAPL�Source�Control�Pilot�Program.�Specifically�the�information�is�being�

used�to�assist�the�design�of�the�shoreline�pilot�extraction�wells�and�in�evaluating�the�

feasibility�of�a�shoreline�subsurface�barrier.�A�report�of�that�work,�Groundwater�Pilot�Program�

Extraction�Well�and�Performance�Evaluation�Design�Report,�is�scheduled�for�delivery�to�DEQ�in�

May,�2007.�

�

1.2  Objectives  

The�primary�objectives�of�the�Phase�1�investigation�were�presented�in�the�Final�Phase�I�Field�

Sampling�Approach,�Gasco�Siltronic�Groundwater�Source�Evaluation�(Anchor,�2006)�(Phase�I�

Workplan),�and�are�repeated�below.�

1. Determine�how�the�vertical�and�lateral�extent�of�chemicals�in�groundwater�along�

the�shoreline�may�be�related�to�chemical�concentrations�that�have�already�been�

measured�in�upland�groundwater.���

2. Define�the�general�nature�of�the�subsurface�geotechnical�conditions�along�the�

shoreline�to�inform�feasibility�of�all�potential�source�control�alternatives,�including�

a�potential�vertical�barrier.�

�
As�described�in�Section�2�of�this�Report,�these�objectives�were�accomplished�through�
sampling�and�laboratory�testing�of�subsurface�sediment�and�groundwater�collected�from�
borings�along�the�shoreline.���

�
As�stated�in�the�Phase�1�Workplan,�the�primary�objectives�of�the�Phase�2�offshore�

investigation�are�to�understand:�

1. How�the�vertical�and�lateral�extent�of�chemicals�in�groundwater�beneath�the�river�

and�transition�zone�water�may�be�related�to�chemical�concentrations�measured�in�
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upland�groundwater.��This�will�be�accomplished�through�sampling�and�

laboratory�testing�of�offshore�groundwater�and�transition�zone�water.���

2. How�groundwater�and�transition�zone�water�concentrations�may�be�related�to�

direct�historical�deposition�of�materials�in�the�river.��This�will�be�accomplished�

through�sampling�and�chemical�analysis�of�bulk�sediment�and�observations�of�

waste�material�potentially�present�in�those�river�sediments.��

3. Determine�if�the�chemical�concentrations�in�the�biologically�active�transition�zone�

water�in�navigation�channel�sediments�have�been�directly�impacted�by�historical�

deposition�of�waste�materials�in�the�river.��This�will�be�accomplished�through�

collection�of�transition�zone�water�and�sediment�for�chemical�analyses.�

�
Groundwater�vertical�gradients�offshore�influence�the�groundwater�flow�system�beneath�

the�river�and�may�affect�the�direction�of�chemical�movement�from�source�areas.�The�Phase�I�

Workplan�identified�a�possible�need�to�measure�groundwater�vertical�gradients�in�

Willamette�River�sediments�to�help�define�groundwater�flow�patterns.��A�technically�sound�

method�for�measuring�the�change�in�groundwater�vertical�gradient�with�depth�in�

Willamette�River�sediments�has�not�been�found.��Until�an�acceptable�method�is�found,�NW�

Natural�intends�to�define�groundwater�flow�patterns�in�Willamette�River�sediments�by�

assessing�the�concentration�patterns�of�MGP�related�chemicals�of�potential�concern�(COPC).�

The�Phase�2�investigation�study�design�and�sampling�plan�are�described�in�Section�3�of�this�

Report.�

��
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2 PHASE 1 INVESTIGATION   

�

2.1 Workplan Development and Permitting 

The�September�2006�Phase�I�Workplan�describes�in�detail�the�intended�Phase�I�investigation.�

Subsequent�discussions�and�meetings�with�DEQ�led�to�several�modifications�to�the�Phase�I�

Workplan.�The�modifications�were�documented�in�the�sequence�of�communications�and�

documents�listed�below.�The�documents�are�reproduced�for�reference�in�Appendix�A.�

�

� September�19,�2006,�SOP�for�Discrete�Depth�Groundwater�Sampling,�Anchor�

Memorandum�from�John�Edwards�to�Matt�McClincy�

� September�25,�2006,�Final�Phase�I�Field�Sampling�Approach�Groundwater�Source�

Evaluation�Northwest�Natural�Gas�Company�Site,�DEQ�letter�from�Matt�McClincy�to�

Bob�Wyatt�

� September�29,�2006,�Addendum�to�Offshore�Final�Phase�I�Field�Sampling�Approach,�NW�

Natural,�Gasco�Site,�Portland,�Oregon,�Anchor�letter�from�John�Edwards�to�Dana�

Bayuk�

� October�4,�2006,�NWNG,�Phase�I�Off�Shore�FSA�Telephone�Discussions,�e�mail�from�

Dana�Bayuk�to�John�Edwards�

� December�6,�2006,�Addendum�to�Offshore�Final�Phase�I�Field�Sampling�Approach,�NW�

Natural,�Gasco�Site,�Portland,�Oregon,�Anchor�letter�from�John�Edwards�to�Dana�

Bayuk�

� December�20,�2006,�Location�of�Gasco�Offshore�Boring�GS�06�Adjacent�to�Pilot�Cap�Area,�

Anchor�letter�from�John�Edwards�to�Matt�McClincy�

� December�28,�2006,�Addendum�2,�Final�Phase�I�Field�Sampling�Approach,�Groundwater�

Source�Evaluation,�Northwest�Natural�Gas�Company�Site,�Portland,�Oregon,�ECSI�No.�84,�

DEQ�letter�from�Matt�McClincy�to�Bob�Wyatt.�

�

The�Phase�I�samples�of�groundwater�and�sediment�were�obtained�using�a�Rotosonic�drill�rig�

operating�at�the�Willamette�River�shoreline.�The�following�environmental�permits�and�

approvals�covering�Phases�1�and�2�of�the�work�were�obtained�prior�to�conducting�the�work.�

� State�of�Oregon�Department�of�State�Lands�Temporary�Use�Permit�For�Remedial�

Work,�October�4,�2006�

� DSL�Permit�Waiver�No.�37238�PW,�September�28,�2006�
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� Department�of�the��Army,�Portland�District,�Corps�of�Engineers,�Letter�

Authorization�Regional�General�Permit,�September�20,�2006�

�

Copies�of�the�above�listed�documents�are�in�Appendix�B.�

�

2.2 Field Sampling 

The�Phase�I�investigation�consisted�of�thirteen�borings,�GS�00�through�GS�12.�The�boring�

locations�are�shown�on�Figure�3.�

�

All�in�water�work�was�limited�to�the�in�water�work�windows�from�July�1�to�October�31,�

2006,�and�from�December�1,�2006�to�January�31,�2007.��These�work�windows�applied�to�

borings�GS�1�through�GS�12�drilled�along�the�shoreline.��The�work�windows�did�not�apply�

to�boring�GS�00,�which�was�drilled�at�a�location�on�the�Site�upland�that�is�above�Ordinary�

High�Water�elevation.��Borings�GS�5,��7,��8,�and��9�were�completed�in�October�2006.��Boring�

GS�00�was�completed�in�November�2006.��Borings�GS�1,��2,��3,��4,��6,��10,��11,�and��12�were�

completed�in�December�2006�and�January�2007.�

�

Field�activities�were�conducted�in�accordance�with�the�Phase�I�Workplan�as�modified�by�the�

documents�described�in�Section�2.1.��The�groundwater�and�sediment�samples�were�obtained�

with�a�Rotosonic�drill�rig�operated�by�Pro�Sonic�drilling�company.��All�except�two�of�the�

shoreline�borings�were�completed�with�the�drill�mounted�on�a�barge.��The�barge�operator�

was�Diversified�Marine,�Incorporated.��The�barge�was�not�needed�for�borings�GS�05�and�

GS�08,�where�the�drill�was�set�up�on�beach�locations�above�the�daily�tidal�range.�Photos�of�

the�drill�rig�set�up�on�the�barge�and�at�beach�locations�are�in�Appendix�F.�

�

Anchor�geologists�and�technical�staff�monitored�the�field�activities.��Photos�of�groundwater�

sampling�activities�are�in�Appendix�F.��Field�data�sheets�that�document�the�daily�sampling�

activities�are�in�Appendix�D.��A�table�summarizing�the�groundwater�quality�field�

measurements�obtained�in�each�boring�is�also�in�Appendix�D.��Willamette�River�water�

quality�observations�and�measurements�were�made�upstream�and�downstream�of�the�barge�

in�accordance�with�the�environmental�permits�in�Appendix�B.��The�river�water�quality�daily�

monitoring�logs�are�in�Appendix�E.��

�
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Oregon�DEQ�personnel,�and/or�representatives�of�DEQ’s�contractor,�Ecology�&�

Environment,�Inc.,�were�present�during�sampling�activities.��Split�sediment�and�duplicate�

groundwater�samples�were�provided�to�DEQ�and�Ecology�&�Environment,�Inc.�personnel.�

The�lab�results�from�testing�those�samples�have�not�yet�been�provided�to�NW�Natural.�

�

Contaminated�water�from�drilling,�sampling,�and�equipment�decontamination�activities�was�

contained�in�an�upland�tank�managed�by�field�personnel�from�Cherokee�General�

Corporation.��The�water�was�pumped�from�the�tank�to�the�onsite�carbon�treatment�system.��

The�sediment�waste�derived�from�drilling�operations�is�currently�contained�in�a�drop�box�on�

the�Site.��Characterization�of�the�sediment�waste�is�in�progress�to�determine�the�appropriate�

offsite�disposal�option.�

�

Following�logging�of�the�sediment�core�by�Anchor�geologists,�the�core�was�placed�in�

wooden�core�boxes�and�placed�in�a�walk�in�Conex�box�for�temporary�site�storage.��Photos�of�

core�logging�are�in�Appendix�F.��Field�personnel�from�Hahn�and�Associates,�Inc.�(HAI)�later�

screened�the�sediment�cores�for�the�presence�of�Non�Aqueous�Phase�Liquid�(NAPL)�and�tar.�

At�the�time�of�this�Report,�the�sediment�core�and�core�boxes�are�still�in�temporary�storage�at�

the�Site.��NW�Natural�intends�to�dispose�of�the�sediment�in�the�core�boxes�by�the�end�of�May�

2007,�unless�there�is�a�written�request�from�DEQ�to�retain�the�core�for�a�specified�time�

period.�

���

2.3 Laboratory Testing and Data Validation 

As�documented�in�the�Field�Data�Sheets�(Appendix�D),�Anchor�personnel�prepared�the�

daily�water�and�sediment�samples�for�Columbia�Analytical�Services,�Inc�(CAS),�the�project�

testing�laboratory.��CAS�staff�picked�up�the�ice�chests�daily�for�transport�to�the�CAS�lab�in�

Kelso,�Washington.��The�chain�of�custody�forms�are�in�Appendix�D.��The�CAS�lab�reports�

are�provided�on�a�DVD�in�Appendix�H.�

�

Table�1�is�a�comprehensive�list�of�the�laboratory�analyses�requested�for�groundwater�

samples�submitted�to�CAS.��Table�2a�provides�the�same�information�for�the�sediment�

samples�submitted�to�CAS.��Table�2b�is�a�list�of�the�sediment�samples�submitted�for�testing�

of�physical�properties,�such�as�grain�size.�

�
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Final�laboratory�data�packages�were�reviewed�by�both�Anchor�personnel�and�Laboratory�

Data�Consultants,�Inc.�(LDC)�of�Carlsbad,�California.��The�following�documents�were�used�

as�guidelines�to�validate�each�analytical�methodology:� �

� ��The�Phase�I�Workplan�

� ��EPA�SW�846�Third�Edition,�Test�Methods�for�Evaluating�Solid�Waste,�Update1,�July�

1992;�update�IIA,�August�IIA,�August�1993;�update�II,�September�1994;�update�IIB.��January�

1995;�update�III,�December�1996;�update�IIIA,�April�1998.�

� ��USEPA�Contract�Laboratory�Program�National�Functional�Guidelines�for�Organic�

Data�Review.��October�1999�

� ��USEPA�Contract�laboratory�Program�National�Functional�Guidelines�for�Inorganic�

Data�Review,�October�2004.�

� ��PSEP/PSDDA�–�were�any�of�these�methods�run�if�so�insert�reference�

� ��American�Standard�Test�Methods�

A�preliminary�validation�review�was�performed�upon�receipt�of�the�data�package�by�

Anchor�personnel.��The�preliminary�data�review�allows�the�data�to�be�evaluated�quickly�so�

that�an�expedited�determination�of�acceptability�of�data�could�be�made�in�case�reanalysis�is�

required.��The�following�criteria�are�included�in�the�preliminary�data�review:�

� chain�of�custody�

� data�completeness��

� holding�times��

� data�format�(e.g.,�significant�figures,�units)�

� QA�sample�summaries�(blanks,�matrix�spikes,�matrix�spike�duplicates�and/or�

laboratory�replicates/duplicates)�

�

Once�the�reviewed�package�was�approved,�it�was�forwarded�to�LDC�for�final�validation.��

The�final�data�validation�process�consists�of�a�highly�detailed�and�rigorous�data�review.���

The�validation�is�designed�to�evaluate�the�data’s�usability,�acceptability�and�bias�that�may�

exist�in�the�data.��The�data�packages�submitted�for�validation�were�reviewed�for�the�

following�QA�criteria�where�applicable:��

� Data�completeness�&�evidentiary�audit�

� Technical�holding�times�exceedances�

� Instrument�Performance�before,�during�and�at�the�end�of�the�analytical�sequence�

� GC/MS�instrument�performance�checks�
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� Initial�and�Continuing�Calibrations�

� Sample�Processing/Preparation�and�Clean�ups�

� Instrument�Detection�Limits�and�Sample�Quantification�Limits�

� Deviations�from�the�analytical�methods�

� Compounds�identification�and�confirmation�

� Laboratory�Calculations�

� Method�Blanks�

� QC�Sample�Results��

� surrogate�recoveries�
� matrix�spikes,�matrix�spike�duplicates�(MS/MSD)�
� laboratory�control�samples�and�duplicates�(LCS/LCSD)�
� field�duplicates/replicates�
� laboratory�duplicates�
� method�analytical�spikes�(USEPA�Method�7000)�

� Overall�Data�Assessment�

�
Data�from�each�lab�package�was�evaluated�and�documented�in�a�data�review�report�by�LDC.��

All�data�from�the�LDC�reviews�were�considered�useable�as�qualified.��Any�data�qualifiers�

applied�to�the�data�during�the�final�validation�procedure�have�been�incorporated�into�the�

final�database�for�this�project.��Copies�of�the�data�review�reports�can�be�found�in�

Appendix�G.�

�

2.4 Findings   

2.4.1 Geology 

Borings�GS�01�through�GS�12�were�located�on�approximate�200�ft�intervals�along�the�

shoreline,�as�shown�on�Figure�3.��Boring�GS�00�was�sited�in�an�upland�location�near�the�

north�Gasco�property�line.�

�

As�specified�in�the�Workplan,�the�odd�numbered�borings�were�drilled�through�the�full�

thickness�of�the�Alluvium�to�the�underlying�Columbia�River�Basalt�bedrock.�The�even�

numbered�borings�were�drilled�to�a�maximum�depth�of�150�feet�below�mudline,�or�to�

bedrock,�whichever�was�encountered�first.�The�upland�boring�GS�00�was�drilled�to�

bedrock.�

�
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The�Rotosonic�drill�provided�continuous�sediment�cores,�and�the�percent�core�recovery�

was�generally�quite�high�as�indicated�on�the�boring�logs�in�Appendix�C.��Anchor�

geologists�examined�all�sediment�cores�and�the�sediment�descriptions�are�shown�on�the�

logs.��Sediment�samples�for�laboratory�chemical�testing�and�for�physical�property�testing�

were�obtained�from�the�cores.��

�

The�average�ground�surface�elevation�of�the�shoreline�borings�was�about�10�feet�MSL.�

The�Upland�RI�and�this�project�use�the�City�of�Portland�MSL�datum.��Previous�LWG�and�

NW�Natural�in�water�sediment�investigations�have�used�the�NAVD88�datum.��The�

geologic�sequence�encountered�along�the�shoreline�consisted�of�a�thin�surface�cobble/rip�

rap�layer,�underlain�by�river�alluvium�extending�down�to�basalt�bedrock.�The�geologic�

units�are�shown�on�the�subsurface�profile�A�A’,�Figure�4.��The�primary�difference�

between�the�shoreline�geologic�sequence�and�the�upland�geology�is�the�absence�of�the�

fill�layer,�which�overlies�the�alluvium�in�the�upland�portion�of�the�Site.�

�

The�lithology�of�the�river�alluvium�along�the�shoreline�is�essentially�the�same�as�present�

under�the�Site�upland,�consisting�primarily�of�sand�to�silty�sand,�interbedded�with�silt�to�

sandy�silt.�Sieve�analyses�were�conducted�on�a�representative�number�of�the�sediment�

samples,�and�the�grain�size�data�are�summarized�on�Table�5.��The�grain�size�analyses�

show�that�the�upper�alluvium�generally�consists�of�very�fine�to�fine�sand�and�the�lower�

alluvium�is�predominantly�medium�sand.��The�coarsening�from�fine�to�medium�sand�

occurs�at�about��50�ft�MSL�in�the�northern�reach�of�the�Gasco�shoreline,�and�deepens�to�

about��70�ft�MSL�or�deeper�along�the�southern�Gasco�shoreline.��The�upper�alluvium�also�

has�a�higher�percentage�of�silt�interbeds,�although�silt�interbeds�are�also�present�in�the�

lower�alluvium.��

�

A�layer�of�alluvial�gravel�was�encountered�in�several�borings�at�the�contact�with�basalt�

bedrock.�The�depth�to�bedrock�was�highly�variable�at�the�north�end�of�the�shoreline.�The�

highest�bedrock�elevation�of�about��70�ft�was�encountered�in�boring�GS�01,�and�the�

lowest�bedrock�elevation�was�about��190�ft,�in�boring�GS�05.�From�GS�05�the�bedrock�

elevation�rises�gradually�to�about��175�ft�at�GS�12�on�the�Siltronic�shoreline.�In�many�of�

the�borings�the�alluvium/bedrock�contact�was�characterized�by�a�layer�of�highly�

weathered�basalt.�
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�

2.4.2 Groundwater Quality 

Per�the�Workplan,�groundwater�samples�were�obtained�at�the�following�planned�depths�

below�mudline�in�the�shoreline�GS�borings;�4�6�ft,�9�11�ft,�and�at�approximate�25�ft�

intervals�to�the�bottom�of�each�boring.�The�actual�sample�depth�intervals�varied�slightly�

due�to�conditions�at�each�boring�location,�and�are�listed�on�Table�1.��For�upland�boring�

GS�00,�the�first�sample�was�obtained�at�the�23�27�ft�depth�interval,�the�depth�of�the�water�

table.�

�

Table�3�lists�the�lab�test�methods�and�the�test�results�for�the�groundwater�chemistry�

analyses.��For�the�purpose�of�describing�the�nature�and�extent�of�manufactured�gas�plant�

(MGP)�related�COPCs,�this�report�focuses�on�benzene,�naphthalene,�total�cyanide,�

amenable�cyanide,�and�free�cyanide.�

�

The�groundwater�concentrations�of�benzene,�naphthalene,�total�cyanide,�amenable�and�

free�cyanide�are�shown�on�subsurface�profiles�5a�through�5e.��The�zones�where�NAPL�

was�detected�by�field�screening�of�the�sediment�cores�are�also�shown�on�the�Figure�5�

profiles.��

�

The�NAPL�and�tar�screening�results�are�listed�on�Table�6.��In�addition�to�visual�and�

olfactory�screening,�four�DNAPL�screening�methods�were�implemented�by�HAI�staff;�

ultraviolet�light�box,�Sudan�dye�shake�kit,�Sudan�dye�lens�spray,�and�NAPL�dye�liner�

strip.��Only�the�ultraviolet�light�box�proved�to�be�an�effective�screening�method.�

�

Review�of�the�Figure�5�groundwater�chemistry�profiles�shows�additional�information�on�

the�conceptual�site�model�tying�the�history�of�MGP�related�materials�management�with�

the�depth�and�concentration�profile�of�target�COPCs.��The�highest�shoreline�

groundwater�concentrations�of�petroleum�sourced�COPCs,�as�indicated�by�benzene�and�

naphthalene;�are�associated�with�the�occurrence�of�shallow�tar�or�NAPL�in�borings�

GS�08�(tar),��09�and��10�(NAPL).��The�NAPL�and�tar�present�in�shallow�shoreline�

sediments�is�sourced�from�MGP�residuals�that�were�discharged�to�the�river,�as�described�

in�the�upland�RI�report.��This�can�also�be�seen�in�the�high�benzene�and�naphthalene�

concentrations�of�the�shallow�sediments,�for�example�in�Figures�6a�(benzene)�and�6b�
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(naphthalene).��The�very�high�concentrations�in�sediments�are�mostly�likely�due�to�

discharge�of�MGP�residuals�along�the�shoreline.��Also,�given�the�extensive�dredge,�fill,�

and�movement�of�soils/sediments�of�this�shoreline�over�time�(see�RI),�these�materials�

may�have�been�re�located�to�varying�sediment�depths.��The�NAPL�and�NAPL/water�

mixtures�identified�in�the�sediments�may�have�infiltrated�downward�into�the�shallow�

river�sediments�following�discharge,�particularly�when�the�mudline�was�exposed�during�

low�tide�periods.���

�

The�depth�of�vertical�penetration�of�NAPL�and�NAPL/water�mixtures�was�restricted�by�

the�prevalence�of�silty�sand�and�silt�interbeds�in�the�upper�alluvium.��The�pattern�of�

lower�groundwater�concentrations�of�benzene�and�naphthalene�deeper�in�the�profiles�

appears�consistent�with�the�concentrations�of�benzene�and�naphthalene�delineated�by�

the�upland�monitoring�wells.��The�upland�plumes�are�associated�with��former�process�or�

waste�management�areas,�as�depicted�in�the�benzene�and�naphthalene�plume�patterns�

on�Cross�Section�B�B’�(Appendix�J).�

�

Cyanide�aquatic�toxicity�criteria�are�based�on�the�free�cyanide�concentration,�therefore,�

the�free�cyanide�fraction�of�total�cyanide�is�further�assessed�herein.�Cyanide�was�tested�

in�92�groundwater�samples�from�shoreline�borings�GS�1�to��12,�representing�all�depths�

of�the�alluvium.�Total�cyanide�was�detected�in�all�samples�tested,�but�free�cyanide�was�

only�detected�in�11�samples.�The�free�cyanide�laboratory�MRL�is�10��g/l�and�the�method�

detection�limit�(MDL)�is�5��g/l.��Free�cyanide�was�detected�at�concentrations�ranging�

from�5�to�9��g/l.��The�EPA�and�DEQ�free�cyanide�aquatic�toxicity�criteria�is�5.2��g/l.��For�

the�eleven�detections,�the�free�cyanide�concentration�ranged�from�0.08%�to�8%�of�the�

total�cyanide�concentration.��Of�the�eleven�samples�the�average�free�cyanide�

concentration�was�approximately�2%�of�the�total�cyanide�concentration.�

�

The�concentrations�and�extent�of�cyanide�species�in�shoreline�groundwater�are�reflective�

of�a�somewhat�different�conceptual�site�model�than�the�NAPL�sourced�petroleum�

constituents.��Figures�5c,�5d,�and�5e�show�the�highest�concentrations�of�cyanide�are�in�

shallow�shoreline�groundwater�samples�from�borings�GS�01�to��03,�and�GS�06�to��07.��

Whereas�the�highest�concentrations�of�petroleum�derived�COPCs�were�associated�with�

the�presence�of�shallow�NAPL�in�borings�GS�08,��09�and��10,�the�highest�cyanide�
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concentrations�are�correlated�with�nearby�upland�spent�oxide�storage�area�(GS�01�to�GS�

03)�or�former�effluent�discharge�area�(GS�06�to�GS�07).��The�upland�RI�describes�a�large�

spent�oxide�pile�on�the�north�shoreline.��Erosion�and�runoff�from�this�spent�oxide�storage�

area�may�have�caused�spent�oxide�materials�to�concentrate�along�the�shoreline,�

particularly�in�the�areas�of�borings�GS�01�to��03.��Historical�effluent�discharges�or�

overflows�to�the�shoreline�area�north�of�the�tar�ponds�may�be�a�cause�for�the�observed�

elevated�cyanide�concentrations�at�the�GS�06�to��07�locations.��As�noted�previously,�free�

cyanide�was�detected�in�only�about�10%�of�the�92�groundwater�samples�tested,�and�was�

detected�at�concentrations�lower�than�the�MRL�of�10%.��Lower�cyanide�concentrations�in�

deeper�portions�of�the�plumes�appear�to�reflect�the�cyanide�plume�present�in�the�upland�

shoreline�monitoring�wells,�as�shown�on�the�cyanide�plume�map�in�Appendix�J.�

�

In�borings�GS�01�through�GS�06�benzene�concentrations�ranged�from�1�to�100��g/l�in�the�

4�6�ft�sample�interval,�but�the�concentrations�were�generally�below�detection�or�less�than�

1��g/l�below�that�depth�(Figure�5a).��The�highest�benzene�concentrations�were�detected�

in�borings�GS�08�through�GS�10.�Benzene�concentrations�up�to�710��g/l�were�measured�

in�the�9�11�ft�depth�interval.��The�100�ft�sample�interval�in�borings�GS�08,��09,�and��10�

had�benzene�concentrations�ranging�from�76�to�310��g/l.��Below�the�100�ft�interval,�

however,�the�concentrations�consistently�drop�to�less�than�5��g/l,�or�below�detection.��

�

Figure�5b�shows�that�the�general�pattern�of�naphthalene�detections�is�very�similar�to�

benzene.��In�general�the�only�naphthalene�detections�above�1��g/l�in�borings�GS�01�to�

GS�06�were�in�the�4�6�or�9�11�ft�samples.��As�with�benzene,�the�concentrations�drop�

under�1��g/l�at�depths�below�100�ft�in�the�GS�07�to��10�borings.�The�laboratory�method�

reporting�limit�(MRL)�for�naphthalene�is�0.02��g/l;�more�than�ten�times�lower�than�the�

benzene�MRL�of�0.5��g/l.��The�data�show�that�naphthalene�is�present�throughout�the�

saturated�thickness�of�the�alluvium.��

�

Amenable�and�free�cyanide�concentrations�are�shown�on�Figures�5d�and�5e.��

By�definition�the�amenable�and�free�cyanide�concentrations�are�a�fraction�of�the�total�

cyanide.��Figure�5c�shows�that�total�cyanide�is�present�throughout�the�saturated�

thickness�of�the�alluvium.��Total�cyanide�does�not�appear�to�attenuate�as�quickly�with�

depth�in�the�alluvium�as�benzene�and�naphthalene.��The�highest�concentrations�of�total�
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cyanide�were�detected�in�the�4�6�and�9�11�ft�samples�in�borings�GS�01�to�GS�03.��Total�

cyanide�concentrations�ranging�from�2�to�100��g/l�were�detected�at�the�base�of�the�

alluvium,�just�above�the�bedrock�contact.�

�

2.4.3 Sediment Chemistry 

The�sediment�chemistry�data�are�on�Table�4.��Figures�6a,�6b,�and�6c�show�the�

concentration�and�extent�of�benzene,�naphthalene,�and�cyanide�on�cross�section�A�A’.�

�

Consistent�with�the�description�of�the�groundwater�plume�in�Section�2.4.2,�the�highest�

concentrations�of�petroleum�derived�COPCs,�as�indicated�by�the�benzene�and�

naphthalene�concentrations,�are�in�the�shallow�sediments�in�borings�GS�07�to�GS�10.�The�

high�shallow�benzene�and�naphthalene�concentrations�are�consistent�with�the�NAPL�

detections�in�the�shallow�sediment�from�this�area�of�the�shoreline.��The�results�of�NAPL�

field�screening�of�the�sediment�core�are�listed�on�Table�6.��Comparison�of�benzene�

concentrations�on�Figures�5a�and�6a�show�that�concentrations�in�shallow�sediment�are�

generally�higher�than�groundwater�concentrations�from�similar�sample�intervals.��These�

sediment�concentrations�are�much�higher�than�would�be�expected�from�adsorption�of�

dissolved�phase�grou9ndwater�contaminants�moving�through�these�sediments,�

indicating�that�they�derive�from�the�discharge�of�MGP�materials�to�the�sediments�as�

discussed�previously.��In�contrast,�the�benzene�and�naphthalene�concentrations�in�

deeper�alluvial�sediments�are�generally�lower�than�the�groundwater�concentrations�from�

similar�sample�intervals,�because�the�sediment�contamination�at�depth�results�from�

adsorption�from�the�upland�groundwater�plume.��

�

As�with�benzene�and�naphthalene,�cyanide�concentrations�in�shallow�shoreline�

sediments�are�generally�much�higher�than�the�groundwater�concentrations�from�similar�

intervals,�as�shown�by�comparison�of�the�concentrations�on�Figures�5c�and�6c.��Again,�

this�indicates�that�the�concentrations�derive�from�MGP�materials�deposited�or�

discharged�to�the�shallow�sediments�along�the�shoreline.��The�groundwater�cyanide�

concentrations�in�the�deeper�alluvium�are�higher�than�the�sediment�concentrations,�

because�the�sediment�cyanide�is�likely�the�result�of�adsorption�from�the�upland�

groundwater�plume.�

�
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2.4.4 Sediment Physical Properties 

Sediment�physical�properties�were�tested�on�a�representative�number�of�core�samples�to�

allow�sediment�grain�size�classification�and�preliminary�evaluation�of�geotechnical�

properties.��The�sediment�physical�testing�included�grain�size�analysis,�determination�of�

plasticity�index,�and�total�solids�content.��The�sediment�is�primarily�sand,�ranging�from�

very�fine�to�medium�grained,�with�varying�percentages�of�silt�and�clay�content.��Because�

of�the�low�clay�content�in�most�of�the�samples,�the�sediment�was�found�to�generally�be�

non�plastic.�Total�organic�carbon�content�was�generally�less�than�2%.�

�

2.5 Data Gaps 

All�of�the�planned�components�of�the�Phase�1�workplan�were�achieved.��No�data�gaps�

resulting�from�the�Phase�I�borings�GS�00�to�GS�12�were�identified.��Further�assessment�in�

Phase�2�is�needed�to�fulfill�the�objectives�discussed�previously.��The�proposed�Phase�2�

Workplan�is�presented�in�Section�3.��

�
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3 PHASE 2 SAMPLING PLAN  

3.1 Phase 2 Investigation Design 

Phase�2�of�the�investigation�will�be�focused�on�defining�the�nature�and�extent�of�

groundwater�contamination�beyond�the�shoreline,�specifically�in�the�portion�of�the�river�

channel�identified�by�the�LWG�as�a�possible�groundwater�discharge�zone.��The�LWG�

prepared�a�Draft�report,�Portland�Harbor�RI/FS�Round�2�Groundwater�Pathway�Assessment�

Transition�Zone�Water�Site�Characterization�Summary�Report�(Integral,�August,�2006).��Chapter�

7�of�the�Round�2�groundwater�pathway�report�describes�the�results�of�a�transition�zone�

water�(TZW)�assessment�conducted�in�the�nearshore�area�adjacent�to�the�Gasco�site.��That�

assessment�found�the�possible�presence�of�a�groundwater�discharge�zone�near�the�toe�of�the�

slope�that�defines�the�navigation�channel.��It�should�also�be�noted�that�LWG�and�other�Site�

shallow�sediment�coring�data�indicate�the�toe�of�the�slope�is�still�within�the�zone�of�influence�

of�deposited�MGP�wastes�given�that�many�of�the�cores�along�this�toe�exhibit�relatively�high�

bulk�chemical�concentrations�as�well�as�sporadic�observations�of�tar�particles�and�NAPL�

blebs.���This�may�complicate�assessment�of�any�groundwater�discharge�of�upland�source�

chemicals�through�this�area.��

�

Figure�7�2�of�the�LWG�Round�2�groundwater�pathway�report�shows�the�location�of�six�

transects�of�trident�and�seepage�meter�sample�locations�adjacent�to�Gasco.��Figure�7�2�is�in�

Appendix�I�of�this�report.��Transect�A�is�located�near�the�toe�of�the�riverbank�and�transect�F�

is�located�approximately�340�feet�from�transect�A.��Sediment�pore�water�temperature�

measurements�were�made�using�the�trident�probes.��Figure�7�2�(Appendix�I)�shows�which�of�

the�sample�locations�had�the�highest�difference�between�the�sediment�pore�water�

temperature�and�the�ambient�Willamette�River�water�temperature.��The�areas�with�the�

highest�temperature�difference�(delta)�indicate�possible�groundwater�discharge�zones.��

Review�of�Figure�7�2�shows�that�moderate�to�high�temperature�deltas�were�calculated�for�

the�samples�located�along�transects�D�and�E,�which�roughly�correspond�with�the�toe�of�the�

slope�that�defines�the�navigation�channel.��This�area�is�designated�as�sample�transect�B�for�

this�Phase�2�workplan,�as�further�explained�in�Section�3.1.1.�

�

The�LWG�Round�2�groundwater�pathway�report�also�delineated�potential�groundwater�

discharge�zones.��Figure�7�7�of�the�report�(Appendix�I)�shows�a�possible�groundwater�

discharge�zone�(light�orange�color)�in�the�navigation�channel�adjacent�to�the�Gasco�Site.��
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The�zone�of�possible�groundwater�discharge�identified�on�Figure�7�7�is�consistent�with�the�

groundwater�discharge�zone�identified�off�shore�of�the�Siltronic�property,�which�is�

described�in�section�8�of�the�LWG�Round�2�groundwater�pathway�report.�

�

The�map�boundaries�of�the�Gasco�Phase�2�investigation�are�roughly�coincident�with�the�

possible�groundwater�discharge�zone�identified�in�the�Round�2�groundwater�pathway�

report�on�Figure�7�7,�but�extending�farther�into�the�channel.�The�planned�Phase�2�sample�

locations�are�shown�on�Figure�7.�

�

The�Phase�2�investigation�will�be�conducted�in�two�field�steps�as�described�in�the�following�

sections.��

�

3.1.1 Phase 2 Step 1, Reconnaissance Groundwater/Pore Water Sampling 

The�purpose�of�the�step�1�reconnaissance�sampling�will�be�to�identify�the�primary�

offshore�zones�of�groundwater�discharge�to�the�extent�practicable�in�the�navigation�

channel.��A�total�of�69�groundwater/pore�water�samples�are�proposed�for�the�Phase�2�

study,�consisting�of�3�samples�at�each�of�23�boring�locations.�Sample�location�transects�

B,�C,�and�D�are�shown�on�Figure�7.��The�transect�B�samples�are�planned�to�be�along�

the�toe�of�the�slope�that�defines�the�navigation�channel.��The�transect�C�samples�are�

approximately�350�feet�from�the�toe�of�the�river�bank,�and�the�transect�D�samples�are�

approximately�550�feet�from�the�toe�of�the�river�bank.��

�

A�barge�mounted�push�probe�drill�rig�will�be�used�to�obtain�groundwater/pore�water�

samples�from�three�depths�at�each�of�the�transect�B,�C,�and�D�locations�on�Figure�7.��

The�proposed�sample�locations,�depths,�and�intervals�are�provided�on�Table�7.��The�

three�planned�sample�depths�below�mudline�will�be�1�2�ft,�5�7�ft,�and�10�12�ft.�After�

each�set�of�three�samples�is�obtained�at�each�location�the�barge�will�be�moved�to�the�

next�location�and�the�process�repeated�until�all�23�locations,�including�all�three�

transects,�have�been�completed.�

�

During�this�step�the�testing�lab�will�pick�up�the�water�samples�daily�and�test�the�

samples�on�a�quick�turnaround�basis.�From�2�to�3�sample�locations�are�planned�to�be�

completed�during�each�field�day,�which�means�that�step�1�will�take�from�8�to�12�field�
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days,�depending�upon�field�conditions.��Because�of�the�quick�lab�turnaround,�the�plan�

is�to�have�all�of�the�water�quality�data�available�for�review�within�three�days�of�

submitting�the�last�samples�to�the�lab.�

�

NW�Natural�will�quickly�compile�the�water�quality�data�and�meet�with�DEQ�to�

discuss�the�plans�for�Step�2.��During�this�meeting�the�data�will�be�reviewed�to�identify�

potential�groundwater�discharge�zones.��The�plan�is�to�select�six�locations�for�Step�2�

drilling�and�sampling�to�define�the�nature�and�extent�of�dissolved�phase�

contamination�through�the�full�thickness�of�alluvium�in�the�river�channel.��Shallow�

sediment�sampling�is�also�planned�to�assess�the�potential�presence�of�directly�

discharged�MGP�materials�in�the�channel.���

�

3.1.2 Phase 2, Step 2, Deep Groundwater Sampling and Sediment Profiling 

After�agreement�is�reached�on�the�locations�for�the�Step�2�borings,�the�barge�mounted�

push�probe�drill�will�be�remobilized�to�conduct�Step�2.��During�Step�2�the�drill�rig�will�

be�set�up�at�six�of�the�previously�sampled�locations�to�obtain�groundwater�samples�at�

approximate�25�ft�depth�intervals�below�mudline.��The�borings�will�be�advanced�until���

sampler�refusal�occurs,�and�that�depth�will�be�assumed�to�represent�the�basal�alluvial�

gravel,�or�basalt�bedrock.�

�

The�groundwater�samples�will�be�submitted�daily�to�the�laboratory.�

�

The�data�from�Step�2�is�planned�to�allow�NW�Natural�to�prepare�groundwater�quality�

maps�and�subsurface�profiles.�These�will�augment�the�transect�A�A’�shoreline�profiles�

developed�from�the�Phase�1�data�with�Phase�2�groundwater�data�from�the�new�

borings�completed�in�transects�B,�C,�and�D.�

�

Shallow�sediment�sampling�will�include�sediment�cores�down�to�approximately�10�

feet�below�mudline.��The�sediment�samples�will�be�laboratory�tested�for�MGP�related�

chemicals.��The�sediment�quality�data�will�be�evaluated�with�the�groundwater/pore�

water�data�to�help�differentiate�between�impacts�caused�by�historic�Gasco�discharges�

directly�to�the�river�and�possible�affects�from�migration�of�groundwater�from�the�

Gasco�uplands.�
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�

While�the�push�probe�drill�is�set�up�to�obtain�groundwater�samples�in�Step�2,�an�

attempt�will�be�made�to�use�a�push�probe�core�barrel�to�obtain�the�sediment�cores.��

The�success�of�the�push�probe�core�barrel�will�depend�upon�the�sediment�grain�size�

and�river�conditions.�If�the�push�probe�core�barrel�is�not�suitable�for�this�purpose,�we�

will�mobilize�a�vibracore�or�sonic�sampling�rig�for�sediment�coring�at�the�same�six�

locations.�

�

3.2 Phase 2 Water and Sediment Analysis 

This�section�summarizes�the�target�physical�and�chemical�analyses�for�the�characterization�

of�Phase�2�groundwater/pore�water�and�sediment�samples.�The�analytical�laboratory�

selected�for�this�project�is�CAS�in�Kelso,�Washington.��All�sample�analyses�will�be�conducted�

in�accordance�with�EPA�approved�methods.���

�

Table�8�provides�a�detailed�summary�of�the�target�analytes,�sample�container�types,�holding�

times,�and�sample�preservatives�for�Phase�2�sample�collection.��The�table�shows�which�

target�analytes�are�identified�for�groundwater/pore�water�and�sediment.��The�Step�1�

groundwater�samples�will�be�tested�on�a�fast�turnaround�basis�for�VOCs,�free,�amenable,�

and�total�cyanide.��Step�2�groundwater/pore�water�samples�will�be�analyzed�for�VOCs,�total�

PAHs,�free�cyanide,�amenable�cyanide,�total�cyanide�total�metals�and�ammonia.��Sediment�

profiling�samples�will�be�analyzed�for�VOCs,�PAHs,�total�cyanide,�total�metals�and�

additional�conventionals.�����

�

Table�9a�summarizes�the�details�of�the�sediment�profiling�chemical�analytes,�analysis�

methods,�method�reporting�limits,�method�detection�limits,�and�minimum�sample�mass�

requirements.��Table�9b�summarizes�the�details�of�the�groundwater/pore�water�analytes,�

analysis�methods,�method�reporting�limits,�method�detection�limits,�and�minimum�sample�

mass�and�volume�requirements.��

�

Due�to�the�potential�inability�to�obtain�sufficient�groundwater/pore�water�at�some�of�the�

sampling�locations,�a�tiered�analytical�approach�will�be�used�for�groundwater�samples.��The�

tiered�approach�is�consistent�with�what�the�LWG�was�actually�able�to�implement�with�the�

Trident�probe�in�this�area�of�Portland�Harbor�due�to�limited�sample�volumes.��Thus,�low�
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priority�analytes�that�the�LWG�was�not�able�to�obtain�due�to�volume�limitations�are�not�

proposed�for�this�effort.��The�prioritization�of�the�remaining�analytes�is�based�on�current�

understanding�of�potential�upland�groundwater�COIs.��During�Phase�2,�groundwater�

samples�will�be�analyzed�in�this�order:��

1. Free�cyanide�

2. Amenable�cyanide�

3. PAHs�

4. VOCs�

5. Metals��

6. Ammonia�

�

3.3 Sampling Schedule 

Phase�2�sampling�activities�will�occur�during�the�summer�(July�1�through�October�31)�work�

window�when�listed�fish�species�are�expected�to�be�in�low�numbers�in�the�project�area.��Step�

1�will�take�approximately�8�to�12�field�days,�depending�upon�field�conditions.��NW�Natural�

will�review�the�data�and�propose�Step�2�sampling�locations�to�DEQ�within�10�days�of�

receiving�the�preliminary�lab�data�from�CAS.��Step�2�sampling�will�take�approximately�12�to�

18�field�days�following�DEQ�approval�of�Step�2�locations.�

� �

3.4 Sampling Platform 

During�Phase�2,�the�sampling�platform�for�the�drill�rig�will�be�a�shallow�draft�barge.��

Sampling�will�be�performed�through�a�hole�in�the�barge.��Phase�2�sediment�samples�may�be�

collected�using�vibracore�sampling�methods�if�representative�samples�cannot�be�obtained�

with�direct�push�core�methods.��In�that�event,�sediment�vibracores�will�be�collected�from�a�

boat.��

�

3.5 Horizontal Positioning and Vertical Control 

Horizontal�positioning�at�each�sampling�location�will�be�determined�using�a�differential�

global�positioning�system�(DGPS)�with�a�handheld�global�positioning�system�(GPS)�unit�as�

backup�if�necessary.��Station�positions�will�be�recorded�in�latitude�and�longitude�to�the�

nearest�0.01�second�in�the�North�American�Datum�(NAD)�1983.��The�accuracy�of�the�

horizontal�coordinates�will�be�within�3�meters.��

�
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Mudline�elevation�of�each�sampling�station�sampled�by�barge�will�be�determined�by�

measuring�the�water�depth�with�a�calibrated�fathometer�or�lead�line�and�corrected�for�river�

flow�and�tidal�elevation.��A�pressure�transducer�will�be�placed�in�the�river�off�shore�of�the�

site�at�a�surveyed�location�(either�a�tie�down�dolphin�or�main�pier)�to�provide�real�time�river�

elevations�at�the�project�site.��For�validation�purposes,�these�elevations�will�be�compared�to�

the�elevations�reported�by�the�Morrison�Street�elevation�gauge�located�approximately�6.5�

miles�upstream�from�the�sampling�area.��

�

3.6 Sampling Methods 

This�section�describes�the�techniques�for�advancing�test�borings,�sampling�groundwater,�

and�collecting�subsurface�soil�for�physical�testing�parameters�or�chemical�analyses.��Tasks�

related�to�drilling�(reconnaissance�groundwater�sampling�during�drilling,�borehole�logging�

and�soil�classification)�are�also�described.��Note�that�the�first�groundwater�sample�interval�is�

1�to�2�feet�below�mudline.��Although�this�is�the�target�depth,�the�equipment�may�sink�under�

its�own�weight�to�greater�depths�in�soft�sediments�before�stopping,�as�occurred�at�some�

stations�in�both�the�pre�construction�tar�removal�investigations�and�the�MFA�sampling�

offshore�from�Siltronic.��In�these�cases,�the�sample�will�be�taken�as�shallow�as�possible.����

�

3.6.1 Groundwater/Porewater Sampling   

Groundwater�samples�will�be�collected�using�a�direct�push�(Geoprobe)�drill�rig.��In�

Phase�2,�Step�1,�groundwater�samples�will�be�taken�at�depth�intervals�of�1�2�ft,�5�7�

feet,�and�10�12�ft.��An�outer�casing�will�be�lowered�through�the�water�column�to�the�

mudline.��The�outer�casing�will�be�fitted�with�a�plate�on�the�bottom�to�minimize�the�

depth�that�the�casing�sinks�once�mudline�is�reached�and�to�minimize�short�circuit�of�

river�water�around�the�base�of�the�casing�during�groundwater�sampling.��A�sealed�

Geoprobe�screen�will�be�lowered�to�the�target�depth�and�the�screen�will�be�opened.��

Polyethylene�tubing�will�be�lowered�to�the�well�screen�and�a�groundwater�sample�

will�be�collected�with�either�a�peristaltic�pump�using�low�flow�sampling�techniques,�

or�an�inertia�pump.��After�the�sample�is�collected�from�the�first�interval,�the�screen�

will�be�removed�from�the�outer�casing�and�decontaminated.��The�process�will�be�

repeated�for�the�next�sample�interval.���

�
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In�Phase�2,�Step�2,�groundwater�sampling�will�be�conducted�at�six�locations�based�on�

the�results�from�the�Step�1�sampling.��Sampling�will�be�conducted�as�above;�

however,�samples�will�be�collected�at�25�foot�intervals�(beginning�at�25�feet�below�

mudline)�until�refusal.���

�

Before�sample�collection,�a�minimum�of�one�casing�volume�of�water�will�be�

removed.��Field�water�quality�parameters�(pH,�specific�conductance,�and�

temperature)�will�be�measured�with�portable,�calibrated�meters�during�purging.�

�

Any�equipment�that�contacts�the�sample�and�is�intended�to�be�reused�must�be�

properly�decontaminated�between�samples.��

�

3.6.2 Sediment Sampling 

No�sediment�sampling�is�proposed�for�Phase�2,�Step�1.��In�Phase�2,�Step�2,�at�six�

selected�locations,�borings�will�be�advanced�by�a�direct�push�(Geoprobe)�drill�rig�as�

above.��Decontamination�of�drilling�and�sampling�equipment�will�be�performed�as�

described�Section�3.6.4.�

�

While�the�push�probe�drill�is�set�up�to�obtain�groundwater�samples�in�Step�2,�an�

attempt�will�be�made�to�use�a�push�probe�core�barrel�to�obtain�the�sediment�cores.�

The�success�of�the�push�probe�core�barrel�will�depend�upon�the�sediment�grain�size�

and�river�conditions.��If�the�push�probe�core�barrel�is�not�suitable�for�this�purpose,�

we�will�mobilize�a�vibracore�sampling�rig�or�a�sonic�drill�rig�for�sediment�coring.�

�

The�core�samples�will�be�examined�to�develop�lithologic�data.��The�samples�will�be�

described�in�the�field�as�to�their�color,�structure,�texture,�mineral�composition,�

moisture,�and�percent�recovery,�in�general�accordance�with�ASTM�Method�D�

2488�00.��Samples�will�also�be�examined�for�visual�chemical�impacts�or�odors�and�the�

observations�noted.���

�

�



Phase�2�Sampling�Plan�

Phase�I�Report�and�Phase�2�Sampling�Approach� � May�2007�
Gasco�Siltronic�Groundwater�Source�Evaluation� 21� 000029�02�

3.6.3 Sediment Sample Preparation 

Sediment�from�each�of�the�six�Step�2�boreholes�will�be�placed�in�laboratory�supplied�

containers,�and�stored�in�an�iced�cooler�until�transfer�to�the�laboratory�(following�

chain�of�custody�procedures)�for�analysis.��Samples�will�be�divided�into�three�

intervals�for�testing�(0�2�ft,�5�7�ft,�and�8�10ft).��The�VOC�sample�jars�will�be�filled�first,�

as�quickly�as�possible�after�opening�the�sample�core�to�minimize�volatilization,�

following�EPA�method�5035A.��After�logging�the�core�is�complete,�the�remaining�

sample�portion�will�be�homogenized�in�a�stainless�steel�bowl�and�the�remaining�

sample�containers�will�be�filled.���

�

3.6.4 Borehole Logging and Soil Classification  

A�log�of�sediment�samples�from�each�boring�will�be�prepared�in�the�field�by�a�

geologist�registered�in�Oregon,�or�by�an�environmental�scientist�working�under�the�

supervision�of�a�registered�Oregon�geologist.��Boring�logs�will�include�the�project�

name�and�location,�name�of�the�drilling�contractor,�name�of�the�scientist�completing�

the�log,�drilling�method,�sampling�method,�boring�designation,�sediment�and�

groundwater�sample�depths,�and�description�of�sediments�encountered.��Sediment�

samples�will�be�described�using�ASTM�designation�D2488�00,�Standard�Practice�for�

Description�and�Identification�of�Soils�(Visual�Manual�Procedures).��The�standard�involves�

describing�color,�grain�size,�moisture�content,�density,�organic�matter,�and�other�

observed�characteristics.��The�information�will�be�recorded�on�a�standard�Anchor�

exploratory�boring�log�form.�

�

3.7 Spill Prevention and Control 

A�spill�containment�system�will�be�constructed�on�the�barge�deck�to�manage�incidental�

releases�that�could�occur�from�drilling�operations.��The�containment�system�will�include�

plastic�sheeting�under�the�drill�rig�with�a�raised�berm�around�the�edges.��A�secondary�

floating�boom�containment�system�will�be�constructed�in�the�river�around�the�barge�at�each�

drilling�location.��The�secondary�containment�will�surround�the�barge�and�include�an�inner�

ring�of�floating�sorbent�boom�with�an�outer�ring�of�floating�boom.��A�supply�of�adsorbent�

pads�will�be�kept�on�the�barge.���

�
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3.8 Field Quality Assurance and Quality Control 

Field�quality�assurance/quality�control�(QA/QC)�samples�will�be�collected�and�used�to�

evaluate�the�variability�resulting�from�sample�handling�and�the�efficiency�of�field�

decontamination�procedures�(Section�3.7.5).��All�field�QC�samples�will�be�documented�in�the�

site�logbook.��Table�7�summarizes�field�QC�sampling.�

�

3.8.1 Field Splits 

Field�splits�of�groundwater�and�transition�zone�water�and�sediments�will�be�collected�

(5�percent�frequency)�from�the�sampling�locations.��The�field�splits�consist�of�

collecting�twice�the�amount�of�needed�material�from�the�chosen�location�and�splitting�

it�into�two�unique�samples�(the�original�sample�and�a�duplicate).��The�duplicate�

sample�will�be�processed�in�exactly�the�same�way�as�the�original�sample�and�will�be�

submitted�to�the�laboratory�as�blind�samples.��The�samples�will�be�analyzed�for�the�

same�parameters�as�the�other�regular�field�samples.�

�

3.8.2 Rinsate and Field Blanks 

Rinsate�and�field�blank�samples�will�be�collected�to�evaluate�the�efficiency�of�field�

decontamination�procedures.��One�rinsate�blank�and�one�field�blank�will�be�collected�

for�water�sampling�methods.��The�rinsate�blank�will�consist�of�rinsing�down�the�

collection�equipment�after�sample�collection�and�decontamination�with�distilled�

water�and�collecting�the�rinsate.��The�field�blank�will�be�collected�by�pouring�distilled�

water�directly�in�the�sampling�containers.��In�addition,�a�trip�blank�will�be�included�in�

each�container�shipped�to�CAS�containing�samples�to�be�analyzed�for�volatiles�(i.e.,�

BTEX).��Rinsate�and�field�blanks�are�normally�not�collected�for�sediments�because�

these�levels�of�potential�contamination�(even�if�present)�are�normally�not�detectable�in�

sediment�samples.����

�

3.8.3 Field Documentation 

A�complete�record�of�all�field�activities�will�be�maintained�including�the�following:�

� Documentation�of�all�field�activities�on�daily�log�forms.�

� Documentation�of�all�samples�collected�for�analysis.�

�
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The�field�coordinator�(FC)�or�their�designee�will�maintain�field�notes,�which�will�

consist�of�daily�log�forms.��All�on�site�activities,�including�health�and�safety�entries,�

and�field�observations�will�be�documented�on�the�daily�log�forms.��All�entries�will�be�

made�in�indelible�ink.��The�field�logbook�is�intended�to�provide�sufficient�data�and�

observations�to�enable�readers�to�reconstruct�events�that�occurred�during�the�

sampling�period.��These�entries�will�include�the�following:�

� Date�and�time�

� Sampling�personnel�

� Weather�

� Sampling�location�

� Water�depth�

� Sample�depth�

� Characteristics�or�other�observations�of�sediment�sample�

� Penetration�depth�

� Agreements�reached�with�DEQ�project�manager�on�field�decisions,�including�

the�time�and�method�of�agreement�(e.g.,�telephone,�email,�etc.)�

� Other�comments�

�

3.8.4 Sample Handling 

This�section�describes�the�sample�containers,�sample�handling�and�storage,�chain�of�

custody�forms,�and�sample�shipping�procedures�for�all�sediment�sampling�activities.�

�

All�sample�containers�received�from�the�analytical�lab�will�be�pre�cleaned,�certified,�

and�EPA�approved�for�each�particular�EPA�analytical�method.��Prior�to�shipping,�the�

analytical�laboratory�will�add�preservative,�where�required.��Sample�container�types�

are�listed�in�Table�8.��

�

The�guidelines�for�sample�handling�and�storage�for�collected�sediment�and�field�QA�

samples�are�provided�in�Table�8.��Sample�containers,�instruments,�working�surfaces,�

technician�protective�gear,�and�other�items�that�may�come�into�contact�with�sediment�

sample�material�must�meet�high�standards�of�cleanliness.��All�equipment�and�

instruments�used�to�remove�sediment�from�the�sampler�will�be�made�of�glass,�
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stainless�steel,�or�PTFE,�and�will�be�cleaned�prior�to�each�day’s�use�and�between�

sampling�or�compositing�events.���

�

All�working�surfaces�and�instruments�will�be�thoroughly�cleaned�and�

decontaminated�to�minimize�outside�contamination�between�sampling�events.��

Disposable�gloves�will�be�discarded�after�processing�each�station�and�replaced�prior�

to�handling�decontaminated�instruments�or�work�surfaces.���

�

3.8.5 Field Equipment Decontamination 

To�prevent�sample�cross�contamination,�sampling�and�processing�equipment�in�

contact�with�the�sediment�samples�will�undergo�the�following�decontamination�

procedures�prior�to�and�between�collection�activities�in�accordance�with�EPA�

protocols�(EPA�2001).��The�sediment�sampling�equipment�that�will�come�into�contact�

with�sediment�will�be�decontaminated�prior�to�use�by�the�following�procedure:�

1. Rinse�with�potable�water�and�wash�with�scrub�brush�until�free�of�sediment.�

2. Wash�with�phosphate�free�detergent�(e.g.,�Alconox®).�

3. Visually�inspect�the�sampler�and�repeat�the�scrub�and�rinse�step,�if�necessary.��If�

scrubbing�and�rinsing�with�Alconox®�is�insufficient�to�remove�visually�

observable�oil�related�contamination�on�the�core�tubes�and�extension,�the�

equipment�will�be�scrubbed�and�rinsed�using�hexane�(or�similar�type�solution)�

until�all�visual�signs�of�contamination�are�absent.���

4. Rinse�with�potable�water.��

�

All�sample�homogenizing�equipment�will�be�decontaminated�prior�to�and�between�

processing�cores�at�each�station�using�the�following�procedure:�

1. Rinse�with�potable�water�and�wash�with�scrub�brush�until�free�of�sediment.�

2. Wash�with�Alconox®.�

3. Visually�inspect�the�sampler�and�repeat�the�scrub�and�rinse�step,�if�necessary.��If�

scrubbing�and�rinsing�with�Alconox®�is�insufficient�to�remove�visually�

observable�oil�related�contamination�on�the�core�tubes�and�extension,�the�

equipment�will�be�scrubbed�and�rinsed�using�hexane�(or�similar�type�solution)�

until�all�visual�signs�of�contamination�are�absent.���

4. Rinse�with�potable�water.�
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5. Rinse�with�distilled�water.�

�

3.8.6 Sample Disposal and Waste Handling Practices  

All�remaining�sediment,�fluids�used�for�decontamination�of�sampling�equipment,�and�

core�collection�disposable�wastes�(e.g.,�gloves,�paper�towels,�etc.)�will�be�placed�into�

appropriate�containers�and�staged�on�site�for�disposal.��Sediments�remaining�

following�collection�and�processing�will�be�placed�into�sealable�containers�and�

disposed�at�the�appropriate�offsite�facility.��The�decontamination�fluids�will�be�stored�

in�sealable�containers�and�will�be�disposed�based�on�the�amount�of�visibly�apparent�

oil.��If�the�fluid�contains�only�a�small�amount�of�visibly�apparent�oil�it�will�be�

transferred�into�an�on�site�350�gallon�aboveground�storage�tank�(AST)�for�treatment�

using�the�Gasco�facility�carbon�treatment�unit.��Alternatively,�fluids�containing�a�

visibly�appreciable�amount�of�oil�will�be�transferred�into�a�500�gallon�AST�located�at�

the�MW�6�NAPL�extraction�system,�or�will�be�placed�in�a�drum(s)�for�storage�at�this�

location�pending�final�disposition.��All�disposable�wastes�will�be�placed�into�heavy�

duty�plastic�bags�(i.e.,�double�bagged)�and�disposed�at�a�permitted�offsite�solid�waste�

disposal�facility.���

�

3.8.7 Sample Transport and Chain-of-Custody Procedures 

All�samples�will�be�transported�in�appropriate�containers�to�the�analytical�laboratory�

after�preparation�is�completed.��Specific�sample�shipping�procedures�will�be�as�

follows:�

1. The�shipping�containers�will�be�clearly�labeled�with�sufficient�information�(name�

of�project,�time�and�date�container�was�sealed,�and�person�sealing�the�container)�

to�enable�positive�identification�

2. Individual�sample�containers�will�be�packed�to�prevent�breakage�and�

transported�in�a�sealed�ice�chest�or�other�suitable�container�

3. Glass�jars�will�be�separated�in�the�shipping�container�by�shock�absorbent�

material�(e.g.,�bubble�wrap)�to�prevent�breakage�

4. Ice�will�be�placed�in�separate�plastic�bags�and�sealed�

5. A�sealed�envelope�containing�chain�of�custody�forms�will�be�enclosed�in�a�plastic�

bag�inside�lid�of�the�cooler�

6. The�cooler�lids�will�be�secured�by�wrapping�the�coolers�in�strapping�tape�
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7. Signed�and�dated�chain�of�custody�seals�will�be�placed�on�all�coolers�prior�to�

shipping�

8. Each�cooler�or�container�containing�the�samples�for�analysis�will�be�either�

shipped�to�CAS�or�picked�up�at�the�Gasco�facility�by�a�CAS�courier.�

�

Upon�transfer�of�sample�possession�to�the�analytical�laboratory,�the�persons�transferring�

custody�of�the�sample�container�will�sign�the�chain�of�custody�form.��Upon�receipt�of�

samples�at�the�laboratory,�the�shipping�container�seal�will�be�broken�and�the�condition�

of�the�samples�recorded�by�the�recipient.��Chain�of�custody�forms�will�be�used�internally�

in�the�lab�to�track�sample�handling�and�final�disposition.�

�
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4 DATA QUALITY ASSURANCE AND REPORTING 

Once�all�data�have�been�obtained�from�the�laboratory�and�data�validation�is�complete,�a�data�

report�will�be�submitted�to�DEQ.��This�report�will�contain�table�summaries�of�lab�testing�results�

and�summaries�of�field�observations.��Figures�indicating�the�vertical�and�horizontal�extent�of�

target�analyte�concentrations�will�also�be�presented�and�integrated�into�existing�groundwater�

and�sediment�data�presented�above.��The�report�will�also�contain�a�summary�of�data�validation�

results�and�a�review�of�data�quality�determined�from�those�results.���

�

The�following�general�schedule�will�be�the�goal�for�the�FSA�Phase�2�tasks:�

1. Initiate�Step�1�sampling�on�July�1�following�DEQ�acceptance�of�this�FSA.��

2. Initiate�Step�2�sampling�after�receiving�DEQ�approval�of�the�Step�2�boring�locations�

3. Complete�data�validation�within�45�days�of�receipt�of�last�final�sample�result�from�the�

laboratory.�

4. Complete�the�Phase�2�Gasco�Siltronic�Groundwater�Source�Evaluation�Data�Report�within�

45�days�of�receipt�of�last�final�data�validation�reports.�

�

�
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TABLE 2b

Analytical Sample Summary--Sediment Physical Properties

Gasco Site

Portland, Oregon

Boring
Location

Plan
Interval

Actual
Screen
Interval

Sample
Identification

Sample
Date

Sample
Time pH Sulfate

Total
Organic
Carbon

Atterberg
Limits

Moisture
Content Grain Size

Specific
Gravity

(feet bml) (feet bml)

GS-01 0-10 10-12 GS-01-S(10-12) 12/21/2006 16:10 -- -- -- X X X --
10-20 20-23 GS-01-S(20-23) 12/21/2006 16:20 -- -- -- X X X --
0-20 20-23 GS-01-S(20-23) 12/21/2006 16:20 X X X -- -- -- X

20-30 30.5-33 GS-01-S(30.5-33) 12/26/2006 9:25 -- -- -- X X X --
30-40 40-42.5 GS-01-S(40-42.5) 12/26/2006 9:15 -- -- -- X X X --
20-40 40-42.5 GS-01-S(40-42.5) 12/26/2006 9:15 X X X -- -- -- X
40-50 50-52 GS-01-S(50-52) 12/26/2006 11:05 -- -- -- X X X --
50-60 59-61.5 GS-01-S(59-61.5) 12/26/2006 11:15 -- -- -- X X X --
40-60 59-61.5 GS-01-S(59-61.5) 12/26/2006 11:15 X X X -- -- -- X
60-70 70.5-73 GS-01-S(70.5-73) 12/26/2006 11:25 -- -- -- X X X --

GS-02 0-10 9-11 GS-02-S(9-11) 12/27/2006 15:05 -- -- -- X X X --
10-20 20-23 GS-02-S(20-23) 12/27/2006 15:40 -- -- -- X X X --
0-20 20-23 GS-02-S(20-23) 12/27/2006 15:40 X X X -- -- -- X

20-30 29.5-32 GS-02-S(29.5-32) 12/28/2006 9:05 -- -- -- X X X --
30-40 40-42 GS-02-S(40-42) 12/28/2006 9:15 -- -- -- X X X --
20-40 40-42 GS-02-S(40-42) 12/28/2006 9:15 X X X -- -- -- X
40-50 53-54 GS-02-S(53-54) 12/28/2006 10:05 -- -- -- X X X --
50-60 60-63 GS-02-S(60-63) 12/28/2006 10:10 -- -- -- X X X --
40-60 60-63 GS-02-S(60-63) 12/28/2006 10:10 X X X -- -- -- X
60-70 70-73 GS-02-S(70-73) 12/28/2006 10:20 -- -- -- X X X --
70-80 78-80 GS-02-S(78-80) 12/28/2006 11:40 -- -- -- X X X --
60-80 78-80 GS-02-S(78-80) 12/28/2006 11:40 X X X -- -- -- X

GS-03 0-10 9-11 GS-03-S(9-11) 12/18/2006 17:45 -- -- -- X X X --
10-20 19-20 GS-03-S(19-20) 12/18/2006 17:35 -- -- -- X X X --
0-20 19-20 GS-03-S(19-20) 12/18/2006 17:35 X X X -- -- -- X

20-30 29-32 GS-03-S(29-32) 12/19/2006 10:15 -- -- -- X X X --
30-40 39-43 GS-03-S(39-43) 12/19/2006 10:20 -- -- -- X X X --
20-40 39-43 GS-03-S(39-43) 12/19/2006 10:20 X X X -- -- -- X
40-50 50-52 GS-03-S(50-52) 12/19/2006 12:05 -- -- -- X X X --
50-60 59-61 GS-03-S(59-61) 12/19/2006 12:15 -- -- -- X X X --
40-60 59-61 GS-03-S(59-61) 12/19/2006 12:15 X X X -- -- -- X
60-70 70-73 GS-03-S(70-73) 12/19/2006 12:25 -- -- -- X X X --
70-80 78-81 GS-03-S(78-81) 12/19/2006 14:05 -- -- -- X X X --
60-80 78-81 GS-03-S(78-81) 12/19/2006 14:05 X X X -- -- -- X
80-90 89-92 GS-03-S(89-92) 12/19/2006 14:10 -- -- -- X X X --

GS-04 0-10 10-11 GS-04-S(10-11) 12/12/2006 15:35 -- -- -- X X X --
10-20 19-21 GS-04-S(19-21) 12/12/2006 15:45 -- -- -- X X X --
0-20 19-21 GS-04-S(19-21) 12/12/2006 15:45 X X X -- -- -- X

20-30 30-31 GS-04-S(30-31) 12/13/2006 10:00 -- -- -- X X X --
30-40 38-40 GS-04-S(38-40) 12/13/2006 10:00 -- -- -- X X X --
20-40 38-40 GS-04-S(38-40) 12/13/2006 10:00 X X X -- -- -- X
40-50 50-51 GS-04-S(50-51) 12/13/2006 11:00 -- -- -- X X X --
50-60 60-61 GS-04-S(60-61) 12/13/2006 11:00 -- -- -- X X X --
40-60 60-61 GS-04-S(60-61) 12/13/2006 11:00 X X X -- -- -- X
60-70 70-71 GS-04-S(70-71) 12/13/2006 11:00 -- -- -- X X X --
70-80 78-81 GS-04-S(78-81) 12/13/2006 16:55 -- -- -- X X X --
60-80 78-81 GS-04-S(78-81) 12/13/2006 16:55 X X X -- -- -- X
80-90 91-93 GS-04-S(91-93) 12/13/2006 16:50 -- -- -- X X X --
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TABLE 2b

Analytical Sample Summary--Sediment Physical Properties

Gasco Site

Portland, Oregon

Boring
Location

Plan
Interval

Actual
Screen
Interval

Sample
Identification

Sample
Date

Sample
Time pH Sulfate

Total
Organic
Carbon

Atterberg
Limits

Moisture
Content Grain Size

Specific
Gravity

(feet bml) (feet bml)

GS-05 0-10 4-11 GS-05-S(4-11) 10/25/2006 10:35 -- -- -- X X X --
10-20 -- -- -- -- -- -- -- -- -- -- --
0-20 -- -- -- -- -- -- -- -- -- -- --

20-30 20-22 GS-05-S(20-22) 10/25/2006 10:45 -- -- -- X X X --
30-40 33-36 GS-05-S(33-36) 10/25/2006 15:30 -- -- -- X X X --
20-40 20-22 GS-05-S(20-22) 10/25/2006 10:45 X X X -- -- -- X
40-50 39-42 GS-05-S(39-42) 10/25/2006 15:30 -- -- -- X X X --
50-60 45-48 GS-05-S(45-48) 10/25/2006 14:55 -- -- -- X X X --
40-60 39-42 GS-05-S(39-42) 10/25/2006 15:30 X X X -- -- -- X
60-70 59-64 GS-05-S(59-64) 10/26/2006 9:10 -- -- -- X X X --
70-80 69-73 GS-05-S(70-80) 10/26/2006 9:15 -- -- -- X X X --
60-80 59-64 GS-05-S(59-64) 10/26/2006 9:10 X X X -- -- -- X
80-90 79-82 GS-05-S(79-82) 10/26/2006 15:00 -- -- -- X X X --

90-100 89-92 GS-05-S(89-92) 10/26/2006 15:55 -- -- -- X X X --
80-100 79-82 GS-05-S(79-82) 10/26/2006 15:00 X X X -- -- -- X

GS-06 0-10 7-20 GS-06-S(7-20) 1/17/2007 12:05 -- -- -- X X X --
10-20 20-23 GS-06-S(20-23) 1/17/2007 10:45 -- -- -- X X X --
0-20 20-23 GS-06-S(20-23) 1/17/2007 10:45 X X X -- -- -- X

20-30 28-33 GS-06-S(28-33) 1/17/2007 13:30 -- -- -- X X X --
30-40 41-44 GS-06-S(41-44) 1/17/2007 13:20 -- -- -- X X X --
20-40 41-44 GS-06-S(41-44) 1/17/2007 13:20 X X X -- -- -- X
40-50 48-52 GS-06-S(48-52) 1/17/2007 15:15 -- -- -- X X X --
50-60 61-64 GS-06-S(61-64) 1/17/2007 15:20 -- -- -- X X X --
40-60 61-64 GS-06-S(61-64) 1/17/2007 15:20 X X X -- -- -- X
60-70 69-73 GS-06-S(69-73) 1/17/2007 15:30 -- -- -- X X X --
70-80 80-83 GS-06-S(80-83) 1/17/2007 16:10 -- -- -- X X X --
60-80 80-83 GS-06-S(80-83) 1/17/2007 16:10 X X X -- -- -- X
80-90 90-92 GS-06-S(90-92) 1/17/2007 16:30 -- -- -- X X X --

GS-07 0-10 4-6 GS-07-S(4-6) 10/16/2006 13:30 -- -- -- X X X --
10-20 15-18 GS-07-S(15-18) 10/16/2006 14:10 -- -- -- X X X --
0-20 15-18 GS-07-S(15-18) 10/16/2006 14:10 X X X -- -- -- X

20-30 28-30 GS-07-S(28-30) 10/17/2006 13:21 -- -- -- X X X --
30-40 -- -- -- -- -- -- -- -- -- -- --
20-40 -- -- -- -- -- -- -- -- -- -- --
40-50 41-43 GS-07-S(41-43) 10/17/2006 14:00 -- -- -- X X X --
50-60 53-55 GS-07-S(53-55) 10/17/2006 15:35 -- -- -- X X X --
40-60 41-43 GS-07-S(41-43) 10/17/2006 14:00 X X X -- -- -- X
60-70 62-63 GS-07-S(62-63) 10/17/2006 15:40 -- -- -- X X X --
70-80 70-72 GS-07-S(70-72) 10/17/2006 16:20 -- -- -- X X X --
60-80 62-63 GS-07-S(62-63) 10/17/2006 15:40 X X X -- -- -- X
80-90 80-82 GS-07-S(80-82) 10/18/2006 10:00 -- -- -- X X X --

90-100 90-92 GS-07-S(90-92) 10/18/2006 10:30 -- -- -- X X X --
80-100 80-82 GS-07-S(80-82) 10/18/2006 10:00 X X X -- -- -- X

GS-08 0-10 6-8 GS-08-S(6-8) 10/25/2006 12:00 -- -- -- X X X --
10-20 -- -- -- -- -- -- -- -- -- -- --
0-20 -- -- -- -- -- -- -- -- -- -- --

20-30 20-23 GS-08-S(20-23) 10/25/2006 14:20 -- -- -- X X X --
30-40 29-30 GS-08-S(29-30) 10/25/2006 16:45 -- -- -- X X X --
20-40 20-23 GS-08-S(20-23) 10/25/2006 14:20 X X X -- -- -- X
40-50 40-43 GS-08-S(40-43) 10/25/2006 17:00 -- -- -- X X X --
50-60 50-53 GS-08-S(50-53) 10/25/2006 12:20 -- -- -- X X X --
40-60 40-43 GS-08-S(40-43) 10/25/2006 17:00 X X X -- -- -- X
60-70 63-65 GS-08-S(63-65) 10/26/2006 13:00 -- -- -- X X X --
70-80 69-70 GS-08-S(69-70) 10/26/2006 13:30 -- -- -- X X X --
60-80 63-65 GS-08-S(63-65) 10/26/2006 13:00 X X X -- -- -- X
80-90 82-84 GS-08-S(82-84) 10/26/2006 15:15 -- -- -- X X X --

90-100 90-92 GS-08-S(90-92) 10/26/2006 16:45 -- -- -- X X X --
80-100 82-84 GS-08-S(82-84) 10/26/2006 15:15 X X X -- -- -- X
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TABLE 2b

Analytical Sample Summary--Sediment Physical Properties

Gasco Site

Portland, Oregon

Boring
Location

Plan
Interval

Actual
Screen
Interval

Sample
Identification

Sample
Date

Sample
Time pH Sulfate

Total
Organic
Carbon

Atterberg
Limits

Moisture
Content Grain Size

Specific
Gravity

(feet bml) (feet bml)

GS-09 0-10 4-6 GS-09-S(4-6) 10/6/2006 16:20 -- -- -- X X X --
10-20 -- -- -- -- -- -- -- -- -- -- --
0-20 4-6 GS-09-S(4-6) 10/6/2006 16:20 X X X -- -- -- X

20-30 23-27 GS-09-S(23-27) 10/9/2006 14:50 -- -- -- X X X --
30-40 -- -- -- -- -- -- -- -- -- -- --
20-40 23-27 GS-09-S(23-27) 10/9/2006 14:50 X X X -- -- -- X
40-50 -- -- -- -- -- -- -- -- -- -- --
50-60 -- -- -- -- -- -- -- -- -- -- --
40-60 -- -- -- -- -- -- -- -- -- -- --
60-70 65-66 GS-09-S(65-66) 10/10/2006 14:15 -- -- -- X X X --
70-80 -- -- -- -- -- -- -- -- -- -- --
60-80 65-66 GS-09-S(65-66) 10/10/2006 14:15 X X X -- -- -- X
80-90 -- -- -- -- -- -- -- -- -- -- --

90-100 97-98 GS-09-S(97-98) 10/11/2006 12:30 -- -- -- X X X --
80-100 97-98 GS-09-S(97-98) 10/11/2006 12:30 X X X -- -- -- X

GS-10 0-10 9-11 GS-10-S(9-11) 1/2/2007 13:40 -- -- -- X X X --
10-20 20-23 GS-10-S(20-23) 1/2/2007 14:00 -- -- -- X X X --
0-20 20-23 GS-10-S(20-23) 1/2/2007 14:00 X X X -- -- -- X

20-30 29-31 GS-10-S(29-31) 1/2/2007 15:30 -- -- -- X X X --
30-40 39-41 GS-10-S(39-41) 1/2/2007 15:45 -- -- -- X X X --
20-40 39-41 GS-10-S(39-41) 1/2/2007 15:45 X X X -- -- -- X
40-50 48-50 GS-10-S(48-50) 1/2/2007 16:25 -- -- -- X X X --
50-60 59-61 GS-10-S(59-61) 1/2/2007 16:45 -- -- -- X X X --
40-60 59-61 GS-10-S(59-61) 1/2/2007 16:45 X X X -- -- -- X
60-70 69-71 GS-10-S(69-71) 1/2/2007 16:35 -- -- -- X X X --
70-80 -- -- -- -- -- -- -- -- -- -- --
60-80 -- -- -- -- -- -- -- -- -- -- --
80-90 80-83 GS-10-S(80-83) 1/3/2007 11:15 -- -- -- X X X --

90-100 90-93 GS-10-S(90-93) -- -- -- -- -- X X X --
80-100 80-83 GS-10-S(80-83) 1/3/2007 11:15 X X X -- -- -- X

GS-11 0-10 9-11 GS-11-S(9-11) 1/5/2007 9:15 -- -- -- X X X --
10-20 20-23 GS-11-S(20-23) 1/5/2007 10:00 -- -- -- X X X --
0-20 20-23 GS-11-S(20-23) 1/5/2007 10:00 X X X -- -- -- X

20-30 30-32 GS-11-S(30-32) 1/5/2007 12:20 -- -- -- X X X --
30-40 40-42 GS-11-S(40-42) 1/5/2007 12:40 -- -- -- X X X --
20-40 40-42 GS-11-S(40-42) 1/5/2007 12:40 X X X -- -- -- X
40-50 49-51 GS-11-S(49-51) 1/5/2007 13:30 -- -- -- X X X --
50-60 59-61 GS-11-S(59-61) 1/5/2007 13:40 -- -- -- X X X --
40-60 59-61 GS-11-S(59-61) 1/5/2007 13:40 X X X -- -- -- X
60-70 68-70 GS-11-S(68-70) 1/5/2007 13:50 -- -- -- X X X --

QA/QC Samples

GS-03 20-30 (FD) 29-32 GS-53-S(29-32) 12/19/2006 10:15 -- -- -- X X X --
GS-06 20-30 (FD) 28-33 GS-56-S(28-33) 1/17/2007 13:35 -- -- -- X X X --
GS-06 50-60 (FD) 61-64 GS-56-S(61-64) 1/17/2007 15:25 -- -- -- X X X --
GS-06 40-60 (FD) 61-64 GS-56-S(61-64) 1/17/2007 15:25 X X X -- -- -- X
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Table 8

Parameter List, Containers, and Guidelines for Sample Handling and Storage

Parameter Container Size and Type Holding Time Preservative

VOCs two 40 ml VOA vials 14 days HCL ph<2, Cool/4�C
Free Cyanide 500 ml Amber Glass* 48 hours NaOH pH>12
Total Cyanide 500 ml HPDE* 14 days NaOH pH>12
Amenable Cyanide 500 ml HPDE* 14 days NaOH pH>12

7 days until extraction 
40 days after extraction

Total Metals 250 ml HDPE* 6 months except Hg (28 days) HNO3, ph<2 

Moisture Content
16-oz WM HDPE (Moisture, 

Atterberg, Spec Gravity combined)
na Sealed Jar

Grain Size (with hydrometer) 16-oz WM HDPE na na
Total Organic Carbon (%) 4-oz Glass 28 days na

VOCs
40 mL VOC Vials and Easy Draw 

Sampler
14 days

Sodium Bisulfite or Methanol 
Cool/4� C

14 days until extraction Cool/4� C
1 year until extraction

40 days after extraction
Total Cyanide 14 days Cool/4� C

Total Metals 6 months except Hg (28 days) Cool/4° C

Sulfides 2- oz Glass 7 days Zn acetate, Cool/4� C

Note:

Reconnaissance Groundwater, Pore Water, and Deep Groundwater Sampling

Freeze
8-oz Glass

* See Table 9 for exact volume requirements.  The smallest possible container meeting these material requirements will be supplied by the laboratory.

Total PAHs 1 Liter Amber Glass* Cool/4�C

Sediment Profiling

PAHs

8-oz Glass (CN, NH4, Metals 
combined)

Step 1 and Step 2

Step 2 

Phase�I�Report�and�Phase�2�Sampling�Approach
Gasco�Siltronic�Groundwater�Source�Evaluation

May�2007
000029�02



Table 9a

Sediment Profiling 

Chemical Analytes, Analysis Methods, Reporting and Detection Limits, and Minimum Mass Requirements

Analyte Preparation Method Analytical Method

Method

Reporting

Limit

Method

Detection Limit

Minimum

Mass

needed (g)

Conventionals mg/kg mg/kg

Moisture Content --- ASTM D-2216 --- --- 10

Grain Size with hydrometer --- ASTM D-421/422 --- --- 300

Sulfides Method 9030M 0.5 0.08 10

Total Organic Carbon ( %) Method PSEP 0.05 0.02 5

Chemical

VOCs 5030A 8260B ug/kg ug/kg 20

Acetone --- --- 10 1.6 ---
Acrolein --- --- 2.5 0.51 ---
Acrylonitrile --- --- 2 0.23 ---
Benzene --- --- 1 0.039 ---
Bromochloromethane --- --- 1 0.06 ---
Bromodichloromethane --- --- 1 0.068 ---
Bromoform --- --- 1 0.046 ---
Bromoethane --- --- 1 0.072 ---
Bromomethane --- --- 1 0.37 ---
2-Butanone --- --- 4 1.1 ---
Carbon Disulfide --- --- 1 0.13 ---
Carbon Tetrachloride --- --- 1 0.099 ---
Chlorbenzene --- --- 1 0.07 ---
Chlorodibromomethane --- --- 1 0.068 ---
Chlorethane --- --- 1 0.28 ---
2-Chloroethyl Vinyl Ether --- --- 2 0.15 ---
Chloroform --- --- 1 0.056 ---
Chloromethane --- --- 1 0.19 ---
trans-1,4-Dichloro-2-butene --- --- 2 0.51 ---
Dibromomethane --- --- 1 0.082 ---
1,4-Dichlorobenzene --- --- 1 0.12 ---
1,1-Dichloroethane --- --- 1 0.057 ---
1,2-Dichloroethane --- --- 1 0.031 ---
1,1-Dichloroethene --- --- 1 0.082 ---
trans-1,2-Dichloroethene --- --- 1 0.19 ---
1,2-Dichloropropane --- --- 1 0.035 ---
cis-1,3-Dichloropropene --- --- 1 0.031 ---
trans-1,3-Dichloropropene --- --- 1 0.044 ---
Dichlorodifluoromethane --- --- 1 0.11 ---
Ethylbenzene --- --- 1 0.071 ---
2-Hexanone --- --- 2 0.64 ---
Idomethane --- --- 2 0.67 ---
Isopropylbenzene --- --- 1 0.044 ---
4-Methyl-2-Pentanone --- --- 2 0.24 ---
Methylene chloride --- --- 5 0.29 ---
Methyl tert-butyl ether --- --- 1 0.039 ---
Napthalene --- --- 1 0.35 ---
Styrene --- --- 1 0.074 ---
1,1,1,2-Tetrachloroethane --- --- 1 0.031 ---
1,1,2,2-Tetrachloroethane --- --- 1 0.096 ---
Tetrachloroethene --- --- 1 0.096 ---
Toluene --- --- 1 0.15 ---
1,1,1-Trichloroethane --- --- 1 0.059 ---
1,1,2-Trichloroethane --- --- 1 0.059 ---
Trichloroethene --- --- 1 0.062 ---
Trichlorofluoromethane --- --- 1 0.081 ---
1,2,3-Trichloropropane --- --- 1 0.11 ---
Vinyl Acetate --- --- 1 0.36 ---

Phase�I�Report�and�Phase�2�Sampling�Approach
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Table 9a

Sediment Profiling 

Chemical Analytes, Analysis Methods, Reporting and Detection Limits, and Minimum Mass Requirements

Analyte Preparation Method Analytical Method

Method

Reporting

Limit

Method

Detection Limit

Minimum

Mass

needed (g)

Vinyle Chloride --- --- 1 0.085 ---
m,p-Xylene --- --- 1 0.13 ---
o-Xylene --- --- 1 0.075 ---
Hexachlorobutadiene --- --- 2 0.17 ---
1,2-Dibromoethane (EDB) --- --- 1 0.051 ---

PAHs EPA 3541 EPA 8270C-SIM ug/Kg ug/Kg 50

Acenaphthene --- --- 5 0.16 ---
Acenaphthylene --- --- 5 0.22 ---
Anthracene --- --- 5 0.22 ---
Benzo(a)anthracene --- --- 5 0.16 ---
Benzo(b)fluoranthene --- --- 5 0.48 ---
Benzo(k)fluoranthene --- --- 5 0.33 ---
Benzo(g,h,i)perylene --- --- 5 0.23 ---
Benzo(a)pyrene --- --- 5 0.22 ---
Chrysene --- --- 5 0.41 ---
Dibenz(a,h)anthracene --- --- 5 0.26 ---
Fluoranthene --- --- 5 0.34 ---
Fluorene --- --- 5 0.19 ---
Ideno(1,2,3-cd)pyrene --- --- 5 0.24 ---
2-Methylnaphthalene --- --- 5 0.34 ---
Naphthalene --- --- 5 0.34 ---
Phenanthrene --- --- 5 0.33 ---
Pyrene --- --- 5 0.36 ---

Total Cyanide 9010A 9012A 0.1 mg/Kg 0.03 mg/Kg 25

Metals --- --- mg/Kg mg/Kg 20

Aluminum 3050B 6020 2 2 ---
Antimony 3050B 6020 0.05 0.02 ---
Arsenic 3050B 6020 0.5 0.07 ---
Barium 3050B 6020 0.05 0.03 ---
Beryllium 3050B 6020 0.02 0.006 ---
Cadmium 3050B 6020 0.05 0.007 ---
Calcium 3050B 6010B 10 3 ---
Chromium 3050B 6020 0.2 0.04 ---
Copper 3050B 6020 0.1 0.02 ---
Iron 3050B 6010B 4 3 ---
Lead 3050B 6020 0.05 0.02 ---
Magnesium 3050B 6010B 4 2 ---
Manganese 3050B 6010B 1 0.3 ---
Mercury 7471A 7471A 0.02 0.008 5

Nickel 3050B 6020 0.2 0.04 ---
Potassium 3050B 6010B 400 300 ---
Selenium 7742/SM3114B 7742 0.1 0.02 ---
Silver 3050B 6020 0.02 0.003 ---
Sodium 3050B 6010B 20 10 ---
Thallium 3050B 6020 0.02 0.002 ---
Zinc 3050B 6020 0.5 0.2 ---

445Minimum Mass Needed (Step 2)

Phase�I�Report�and�Phase�2�Sampling�Approach
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Table 9b

Reconnaissance Groundwater/Pore Water and Deep Groundwater 

Analytes, Analysis Methods, Reporting and Detection Limits, and Minimum Mass Requirements

Analyte

Preparation

Method Analytical Method

Method

Reporting

Limit

Method

Detection

Limit

Minimum

Volume needed 

(ml)

VOCs (Unfiltered) 5030B 8260B ug/L ug/L 80

Acetone --- --- 20 4.08 ---
Acrolein --- --- 20 1.42 ---
Acrylonitrile --- --- 5 0.531 ---
Benzene --- --- 0.5 0.136 ---
Bromochloromethane --- --- 0.5 0.164 ---
Bromodichloromethane --- --- 0.5 0.109 ---
Bromoform --- --- 0.5 0.279 ---
Bromomethane --- --- 0.5 0.217 ---
2-Butanone --- --- 20 1.94 ---
Carbon Disulfide --- --- 0.5 0.159 ---
Carbon Tetrachloride --- --- 0.5 0.139 ---
Chlorbenzene --- --- 0.5 0.134 ---
Chlorodibromomethane --- --- 0.5 0.104 ---
Chlorethane --- --- 0.5 0.226 ---
2-Chloroethyl Vinyl Ether --- --- 5 0.333 ---
Chloroform --- --- 0.5 0.136 ---
Chloromethane --- --- 0.5 0.136 ---
trans-1,4-Dichloro-2-butene --- --- 10 0.597 ---
1,2-Dibromoethane --- --- 2 0.0981 ---
Dibromomethane --- --- 0.5 0.119 ---
1,2-Dichlorobenzene --- --- 0.5 0.111 ---
1,3-Dichlorobenzene --- --- 0.5 0.102 ---
1,4-Dichlorobenzene --- --- 0.5 0.114 ---
1,1-Dichloroethane --- --- 0.5 0.101 ---
1,2-Dichloroethane --- --- 0.5 0.114 ---
1,1-Dichloroethene --- --- 0.5 0.122 ---
trans-1,2-Dichloroethene --- --- 0.5 0.143 ---
1,2-Dichloropropane --- --- 0.5 0.139 ---
cis-1,3-Dichloropropene --- --- 0.5 0.11 ---
trans-1,3-Dichloropropene --- --- 0.5 0.0894 ---
Dichlorodifluoromethane --- --- 0.5 0.166 ---
Ethylbenzene --- --- 0.5 0.13 ---
Hexachlorobutadiene --- --- 2 0.28 ---
2-Hexanone --- --- 20 3.96 ---
Idomethane --- --- 5 0.375 ---
Isopropylbenzene --- --- 2 0.105 ---
4-Methyl-2-Pentanone --- --- 20 2.7 ---
Methylene chloride --- --- 2 0.193 ---
Methyl tert-butyl ether --- --- 0.5 0.197 ---
Napthalene --- --- 2 0.285 ---
Styrene --- --- 0.5 0.0943 ---
1,1,1,2-Tetrachloroethane --- --- 0.5 0.111 ---
1,1,2,2-Tetrachloroethane --- --- 0.5 0.138 ---
Tetrachloroethene --- --- 0.5 0.126 ---
Toluene --- --- 0.5 0.108 ---
1,2,4-Trichlorobenzene --- --- 2 0.218 ---
1,1,1-Trichloroethane --- --- 0.5 0.116 ---
1,1,2-Trichloroethane --- --- 0.5 0.138 ---
Trichloroethene --- --- 0.5 0.133 ---
Trichlorofluoromethane --- --- 0.5 0.131 ---
1,2,3-Trichloropropane --- --- 0.5 0.213 ---
Vinyl Acetate --- --- 5 0.663 ---
Vinyle Chloride --- --- 0.5 0.042 ---
m,p-Xylene --- --- 0.5 0.219 ---
o-Xylene --- --- 0.5 0.102 ---

Phase�I�Report�and�Phase�2�Sampling�Approach
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Table 9b

Reconnaissance Groundwater/Pore Water and Deep Groundwater 

Analytes, Analysis Methods, Reporting and Detection Limits, and Minimum Mass Requirements

Analyte

Preparation

Method Analytical Method

Method

Reporting

Limit

Method

Detection

Limit

Minimum

Volume needed 

(ml)

Total PAHs (Unfiltered) EPA 3520C EPA 8270C ug/L ug/L 500* 

Acenaphthene --- --- 0.02 0.00198 ---
Acenaphthylene --- --- 0.02 0.00178 ---
Anthracene --- --- 0.02 0.00103 ---
Benzo(a)anthracene --- --- 0.02 0.00210 ---
Benzo(b)fluoranthene --- --- 0.02 0.00158 ---
Benzo(k)fluoranthene --- --- 0.02 0.00194 ---
Benzo(g,h,i)perylene --- --- 0.02 0.00182 ---
Benzo(a)pyrene --- --- 0.02 0.00158 ---
Chrysene --- --- 0.02 0.00124 ---
Dibenz(a,h)anthracene --- --- 0.02 0.00162 ---
Dibenzofuran --- --- 0.02 0.00380 ---
Fluoranthene --- --- 0.02 0.00238 ---
Fluorene --- --- 0.02 0.00258 ---
Ideno(1,2,3-cd)pyrene --- --- 0.02 0.00208 ---
2-Methylnaphthalene --- --- 0.02 0.00268 ---
Naphthalene --- --- 0.02 0.00316 ---
Phenanthrene --- --- 0.02 0.00320 ---
Pyrene --- --- 0.02 0.00222 ---

Free Cyanide (Unfiltered) ASTM D-4282-02 ASTM D-4282-02 10 ug/L 3 ug/L 50

Total Cyanide (Unfiltered) 335.4 335.4 10 ug/L 3 ug/L 50

Amenable Cyanide (Unfiltered) NA 335.1 10 ug/L 3 ug/L 50

Total Metals (Unfiltered) --- --- ug/L ug/L 125

Aluminum CLP 6020 2 0.7000 ---
Antimony CLP 6020 0.05 0.0200 ---
Arsenic CLP 6020 0.5 0.2000 ---
Barium CLP 6020 0.05 0.0300 ---
Beryllium CLP 6020 0.02 0.0070 ---
Cadmium CLP 6020 0.02 0.2000 ---
Calcium CLP 6010B 50 20.0000 ---
Chromium CLP 6020 0.2 0.0600 ---
Copper CLP 6020 0.1 0.0300 ---
Iron CLP 6010B 20 20.0000 ---
Lead CLP 6020 0.02 0.0090 ---
Magnesium CLP 6010B 20 9.0000 ---
Manganese CLP 6010B 5 2.0000 ---
Mercury 7470A 7470A 0.2 0.0400 25

Nickel CLP 6020 0.2 0.0600 ---
Potassium CLP 6010B 2000 700.0000 ---
Selenium CLP 6020 1 0.2000 ---
Silver CLP 6020 0.02 0.0090 ---
Sodium CLP 6010B 100 60.0000 ---
Thallium CLP 6020 0.2 0.0040 ---
Zinc CLP 6020 0.5 0.3000 ---

Minimum Volume Needed (Step 1) 230

Minimum Volume Needed (Step 2) 880

Note:

*  PAH MRLs/MDLs adjusted 4X due to smaller sample size

Phase�I�Report�and�Phase�2�Sampling�Approach
Gasco�Siltronic�Groundwater�Source�Evaluation

May�2007
000029�02



�

�

�

�

�

�

�

�

�

FIGURES





B

A
'

E

F
ig

u
re

2

Lo
ca

tio
n

M
ap

N
W

N
at

ur
al

-G
as

co
S

ite
P

or
tla

nd
,O

re
go

n

0
11

0
22

0
55

S
ca

le
in

F
e

et

J:\Standards\11X17L_Figure.mxtEI03/16/20063:31PM

A
cc

es
s

R
oa

ds

H
or

iz
on

ta
lD

at
um

:O
re

go
n

S
ta

te
P

la
ne

N
or

th
,F

ee
t

Ve
rt

ic
al

D
at

um
:C

ity
of

P
or

tla
nd

LN
G

C
on

ta
in

m
en

t
B

as
in

LN
G

C
on

ta
in

m
en

t
B

as
in

K
op

pe
rs

In
c.

Le
as

e
A

re
a

K
op

pe
rs

In
c.

Le
as

e
A

re
a

U
nd

ev
el

op
ed

U
nd

ev
el

op
ed

N
W

N
at

ur
al

LN
G

P
la

nt
N

W
N

at
ur

al
LN

G
P

la
nt

F
ue

la
nd

M
ar

in
e

M
ar

ke
tin

g
Le

as
e

A
re

a
F

ue
la

nd
M

ar
in

e
M

ar
ke

tin
g

Le
as

e
A

re
a

U
nd

ev
el

op
ed

U
nd

ev
el

op
ed

S
ilt

ro
ni

cs
S

ilt
ro

ni
cs



B

A
'

A
'

B
'

M
W

-8
-5

6
M

W
-8

-2
9

M
W

-5
-3

2
M

W
-4

-5
7

M
W

-4
-3

5

M
W

-3
-5

6
M

W
-3

-2
6

M
W

-2
-6

1
M

W
-2

-3
2

M
W

-6
-6

1
M

W
-6

-3
2

M
W

-5
-1

75
M

W
-5

-1
00

M
W

-4
-1

01
M

W
-1

7-
79

M
W

-1
6-

65
M

W
-1

6-
45

M
W

-1
3-

30

M
W

-1
1-

32

M
W

-1
0-

61
M

W
-1

0-
25

M
W

-0
1-

22

M
W

-1
9-

22

M
W

-1
8-

30

M
W

-1
3-

61

M
W

-1
9-

12
5

M
W

-1
8-

18
0

M
W

-1
6-

12
5

M
W

-1
4-

11
0

M
W

-1
0-

61
-C

S

W
S

-1
7

W
S

-1
6

W
S

-1
5

W
S

-1
4

W
S

-1
3W

S
-1

2
W

S
-1

1

W
S

-1
0

W
S

-8
-5

9
W

S
-8

-3
3

W
S

-1
6-

12
5

W
S

-1
4-

16
1 W

S
-1

4-
16

1-
C

S

G
S

-1
1

G
S

-1
0

G
S

-0
9

G
S

-0
7

G
S

-0
5

G
S

-0
0

Fi
gu
re
3

B
or

in
g

an
d

C
ro

ss
S

ec
tio

n
Lo

ca
tio

n
M

ap
N

W
N

at
ur

al
-G

as
co

S
ite

P
or

tla
nd

,O
re

go
n

0
90

18
0

45

Sc
al

e
in

Fe
et

J:\Standards\11X17L_Figure.mxtEI03/16/20063:31PM

G
as

co
O

ffs
ho

re
In

ve
st

ig
at

io
n

Bo
rin

gs

U
pl

an
d

Bo
rin

gs

G
as

co
M

on
ito

rin
g

W
el

ls

Se
di

m
en

tC
or

es

Si
ltr

on
ic

M
on

ito
rin

g
W

el
ls

Ac
ce

ss
R

oa
ds

C
ro

ss
Se

ct
io

n
Lo

ca
tio

ns

Pr
op

er
ty

Bo
un

da
rie

s

H
or

iz
on

ta
lD

at
um

:O
re

go
n

S
ta

te
P

la
ne

N
or

th
,F

ee
t

Ve
rti

ca
lD

at
um

:C
ity

of
P

or
tla

nd

A
G

S
-0

1
G

S
-0

2

G
S

-0
4

G
S

-0
3

G
S

-0
6

G
S

-0
8

G
S

-1
2





















A

B

A
'

A
'B
'

C

D

C
'

D
'

M
W

-8
-5

6
M

W
-8

-2
9

M
W

-5
-3

2
M

W
-4

-5
7

M
W

-4
-3

5

M
W

-3
-5

6
M

W
-3

-2
6

M
W

-2
-6

1
M

W
-2

-3
2

M
W

-6
-6

1
M

W
-6

-3
2

M
W

-5
-1

75
M

W
-5

-1
00

M
W

-4
-1

01
M

W
-1

7-
79

M
W

-1
6-

65
M

W
-1

6-
45

M
W

-1
3-

30

M
W

-0
1-

22

M
W

-1
9-

22

M
W

-1
8-

30

M
W

-1
3-

61

M
W

-1
9-

12
5

M
W

-1
8-

18
0

M
W

-1
6-

12
5

M
W

-1
4-

11
0

G
S

-0
6

G
S

-1
1

G
S

-1
2

G
S

-1
0

G
S

-0
4

G
S

-0
3

G
S

-0
1

G
S

-0
2

G
S

-0
9

G
S

-0
8

G
S

-0
7

G
S

-0
5

G
S

-0
0

Fi
gu
re
7

P
ro

po
se

d
P

ha
se

2
S

am
pl

in
g

Lo
ca

tio
ns

N
W

N
at

ur
al

-G
as

co
S

ite
P

or
tla

nd
,O

re
go

n

0
10

0
20

0
50

Sc
al

e
in

Fe
et

J:\Standards\11X17L_Figure.mxtEI03/16/20063:31PM

G
as

co
O

ffs
ho

re
In

ve
st

ig
at

io
n

Bo
rin

gs

G
as

co
M

on
ito

rin
g

W
el

ls

Se
di

m
en

tC
or

es

Pr
op

os
ed

P
ha

se
2

S
am

pl
in

g
Lo

ca
tio

ns

Ex
is

tin
g

S
ho

re
lin

e
Tr

an
se

ct

Ac
ce

ss
R

oa
ds

H
or

iz
on

ta
lD

at
um

:O
re

go
n

S
ta

te
P

la
ne

N
or

th
,F

ee
t

Ve
rti

ca
lD

at
um

:C
ity

of
P

or
tla

nd

LN
G

C
on

ta
in

m
en

t
B

as
in

LN
G

C
on

ta
in

m
en

t
B

as
in

U
nd

ev
el

op
ed

U
nd

ev
el

op
ed

U
nd

ev
el

op
ed

U
nd

ev
el

op
ed

S
ilt

ro
ni

cs
S

ilt
ro

ni
cs



�

�

�

�

�

�

�

�

�

APPENDIX A 

WORKPLAN DOCUMENTS 



































































�

�

�

APPENDIX B 

PERMITS























































































�

�

�

�

�

�

APPENDIX C 

GS BORING LOGS 
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HOLE DIAMETER

GS-00-S(4-6)2

GS-00-S(9-11)2

LITHO-
LOGIC

COLUMN

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

0 to 4.0 feet:  SILTY SAND (SM); light brown; 70 percent
fine sand; 30 percent medium plasticity fines; trace to
20 percent fine to coarse angular to subangular gravel;
loose; dry.  Gravel percentage increases with depth.

RECOVERY
IN FEET
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GASCO.gds:5.04/11/07.GASCO2...000029-02
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LOG OF EXPLORATORY BORING

4.0 to 5.0 feet:  GRAVELLY SAND (SP); light gray; 60 to
70 percent fine to coarse sand; 30 to 40 percent fine to
coarse, angular to subrounded gravel; <5 percent fines;
loose; dry.

5.0 to 6.0 feet:  GRAVELLY SILTY SAND (SM); light
brown to red; 50 percent fine to coarse sand; 30 percent
fine to coarse angular to rounded gravel; 20 percent
medium plasticity fines; loose; dry.

@ 5.0 to 6.0 feet:  red brick fragments (coarse sand-sized
and fine to medium gravel-sized).

6.0 to 10.5 feet:  SANDY GRAVEL WITH SILT (GP); light
brown; 60 percent fine to coarse angular to subangular
gravel; 25 percent fine to coarse sand; 15 percent
medium plasticity fines; loose to medium density; dry to
damp.

10.5 to 14.0 feet:  SANDY SILT (ML); black; 60 percent
medium plasticity fines; 40 percent fine sand; moist.
Hydrogen sulfide-like to hydrocarbon-like odor; soft.

@ 14.0 feet:  0.3' x 0.25' subangular cobble; ¼-inch-wide
lens of light brown to tan sandy silt.

14.0 to 22.0 feet:  SAND (SP); black; 90 to 95 percent fine
to medium sand; 5 to 10 percent fines; loose; damp to
moist.  Hydrogen sulfide-like to hydrocarbon-like odor.
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3
(10-16)

7
(16-23)

Portland, Oregon

5

10

15

20

LITHOLOGIC
DESCRIPTION

TOTAL DEPTH
Kelly Titkemeier
Sonic

C
O

R
E

IN
TE

R
VA

L

PROJECT NAME Gasco
LOCATION

LOGGED BY
DRILL METHOD
DRILLED BY Prosonic
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DATE COMPLETED
MUDLINE ELEVATION

1 of 5
4-inch
85.0'

35.0 feet*
11/2/06

BORING NO. GS-00
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NUMBER
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T



LITHO-
LOGIC

COLUMN

GS-00-S(20-23)2

GS-00-W(23-27)1

LOG OF EXPLORATORY BORING

14.0 to 22.0 feet:  SAND (SP), continued.

RECOVERY
IN FEET
(CORE

INTERVAL)

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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22.0 to 23.0 feet:  SILT (ML); black; 90 percent low to
medium plasticity fines; 10 percent fine sand; trace fine
root hairs; firm to stiff; moist.  Hydrogen sulfide-like to
hydrocarbon-like odor.

23.0 to 27.0 feet:  SAND (SP); dark gray to black; fine to
medium sand; <5 percent fines; wet.  Hydrogen
sulfide-like to hydrocarbon-like odor.

27.0 to 28.0 feet:  SILT (ML); light gray mottled with dark
gray/black; medium to high plasticity fines; trace sand;
firm to stiff; moist to damp.

28.0 to 34.5 feet:  SILTY SAND (SM); brownish gray; 60
to 70 percent fine to medium sand; 30 to 40 percent
medium plasticity fines; wet to moist.

@ 31.5 to 32.0 feet:  color change to tan to brown.

34.5 to 38.0 feet:  SILT (ML); light gray mottled with tan
and dark gray; 90 percent low to medium plasticity fines;
10 percent fine sand; trace charred wood up to ½-inch in
length; stiff; damp.

38.0 to 38.5 feet:  SILT (ML); grayish-brown; medium
plasticity fines; 5 to 10 percent fine to medium sand;
soft; wet.

38.5 to 44.5 feet:  INTERBEDDED SILT (ML), SILTY

REMARKS

3
(23-28)

10
(28-38)

Kelly Titkemeier
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T

Sonic
Prosonic

GASCO.gds:5.04/11/07.GASCO2...000029-02

Portland, Oregon
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Gasco
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NUMBER
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TOTAL DEPTH
DATE COMPLETED
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2 of 5
4-inch
85.0'

35.0 feet*
11/2/06
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LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

3 of 5
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 SAND (SM), SAND WITH SILT (SP), AND SANDY
SILT (ML); grayish-brown; wet.  Beds 3-inches to
1.5 feet.
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RECOVERY
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(CORE

INTERVAL)

TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

3.5
(48-57)

44.5 to 48.0 feet:  SAND WITH SILT (SP); grayish-brown;
85 to 90 percent fine to medium sand; 10 to 15 percent
fines; wet.

48.0 to 57.0 feet:  SILTY SAND (SM); grayish-brown;
70 percent fine to medium sand; 30 percent medium
plasticity fines; wet.

@ 48.0 to 54.0 feet:  trace fine to coarse angular to
subrounded gravel.

57.0 to 65.0 feet:  SAND (SP); grayish-brown; 90 to
95 percent fine to medium sand; 5 to 10 percent fines;
wet.  Trace silt nodules up to 1-inch in diameter.

12
(38-48)

GS-00-S(45-48)2

GS-00-W(48-52)1

HOLE DIAMETER
Portland, Oregon

4-inch

GASCO.gds:5.04/11/07.GASCO2...000029-02

PROJECT NAME
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LITHOLOGIC
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DRILLED BY

Kelly Titkemeier
SonicDRILL METHOD
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85.0'

35.0 feet*
11/2/06
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GS-00-W(65-69)1

57.0 to 65.0 feet:  SAND (SP), continued.

LOG OF EXPLORATORY BORING

RECOVERY
IN FEET
(CORE

INTERVAL)

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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65.0 to 70.0 feet:  SANDY GRAVEL WITH SILT (GP);
grayish-brown; 60 to 65 percent fine to coarse angular
to subrounded gravel; 30 percent fine to medium sand;
5 to 10 percent fines; wet.

70.0 to 72.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.

72.5 to 73.0 feet:  GRAVEL (GP); grayish-brown; fine to
coarse, angular to subangular gravel; 5 to 10 percent
sand; 5 to 10 percent fines.  Cobbles 3-inches in
diameter.

73.0 to 75.0 feet:  SANDY GRAVEL WITH SILT (GP);
grayish-brown; 60 to 70 percent fine to coarse angular
gravel; 20 to 30 percent fine to coarse sand; 10 to
20 percent fines; moist to wet.

75.0 to 76.0 feet:  SILTY GRAVEL (GM); brownish-gray;
60 to 70 percent fine to coarse gravel; 30 percent fines;
10 percent sand; fine to coarse angular gravel; dense;
moist.

76.0 to 77.0 feet:  BASALT
77.0 to 78.0 feet:  SILTY GRAVEL (GP); brown, 50 to

60 percent fine to coarse, angular gravel; 40 to
50 percent fines; trace sand; damp.  Weathered.
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(57-67)

3
(67-73)

7
(73-80)
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Portland, Oregon
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TOTAL DEPTH

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

MUDLINE ELEVATION

5 of 5
4-inch
85.0'

35.0 feet*

78.0 to 80.0 feet:  BASALT

BORING NO.

HOLE DIAMETER

80.0 to 85.0 feet:  SILTY GRAVEL (GM); brownish-gray;
80 percent fine to coarse angular gravel; 20 percent low
to medium plasticity fines; dense; damp; moist.

@ 82.5 to 85.5 feet:  color change to grayish-brown;
weathered.

Bottom of boring = 85.0 feet.

5
(80-85)

GS-00

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

Portland, Oregon

11/2/06
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DRILL METHOD
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GASCO.gds:5.04/11/07.GASCO2...000029-02

7.3 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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LOG OF EXPLORATORY BORING

PAGE

0 to 23.0 feet:  INTERBEDDED SILT (ML); SANDY SILT
(ML); SILTY SAND (SM), AND SAND (SP);
grayish-brown; loose sand; soft to firm silt; trace fine
subrounded gravel; wet.  Black staining 0 to 2.0 feet.
Hydrocarbon-like odor.  Odor decreasing with depth.
Gravel decreasing with depth.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION

1 of 5
4-inch
80.0'

16.5
(0-23)

DATE COMPLETED

GS-01-W(4-6)1

GS-01-S(4-6)2

GS-01-W(9-11)1

GS-01-S(9-11)2

GS-01-S(10-12)3
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PROJECT NAME

12/26/06

DRILLED BY HOLE DIAMETER
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LOCATION Portland, Oregon
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REMARKS

GS-01-S(20-23)3

GS-01-W(23-27)1

GS-01-S(30.5-33)3

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

HOLE DIAMETER

0 to 23.0 feet:  INTERBEDDED SILT (ML); SANDY SILT
(ML); SILTY SAND (SM); AND SAND (SP), continued.
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24
(23-48)

23.0 to 28.5 feet:  INTERBEDDED SANDY SILT (ML) and
SILT (ML); grayish-brown; soft to firm; wet.  Sand
lenses up to 1 inch.

28.5 to 34.0 feet:  SAND (SP); grayish brown; 95 to
100 percent fine to medium sand; trace to 5 percent
fines; loose to medium density; wet.  Silt lenses.

34.0 to 35.5 feet:  INTERBEDDED SAND (SP);
grayish-brown; 95 to 100 percent fine to medium sand;
wet; AND SAND WITH SILT (SP); grayish-brown; 85
to 95 percent fine to medium sand; 5 to 15 percent fines;
loose; wet.  Trace fine, subrounded gravel and cobbles.

35.5 to 40.0 feet:  INTERBEDDED SANDY SILT (ML)
AND SILT (ML); grayish-brown; soft to firm; wet.  Sand
lenses up to 4 inches.

GS-01-S(20-23)2

DRILL METHOD TOTAL DEPTH

LITHOLOGIC
DESCRIPTION

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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25

30

35

40

Sonic
Prosonic
Portland, Oregon

C
O

R
E

IN
TE

R
VA

L

PROJECT NAME Gasco
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2 of 5
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4-inch

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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40.0 to 48.0 feet:  SAND (SP); grayish-brown; 95 to
100 percent fine to medium sand; trace to 5 percent
fines; loose to medium density; wet.  Silt lenses up to
1 inch.
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INTERVAL)

TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

3 of 5
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48.0 to 77.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; trace fines and coarse
sand; loose to medium density; wet.  Increasing density
with depth.

24.5
(48-73)
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LOGIC

COLUMN

HOLE DIAMETER

GS-01-S(40-42.5)3

GS-01-S(45-48)2

GS-01-W(48-52)1
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REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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48.0 to 77.0 feet:  SAND (SP), continued.

TOTAL DEPTH
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@ 69.5 to 71.5 feet:  silt lenses up to 2-inches thick.

77.0 to 80.0 feet:  INTERBEDDED BASALT; GRAVELLY
SILT (ML); gray; 50 to 60 percent low to medium
plasticity fines; 40 to 50 percent fine to coarse, angular
to subrounded gravel; firm to stiff; damp to moist; AND
SILTY GRAVEL (GP); gray; 50 to 60 percent fine to
coarse, angular to subrounded gravel; 40 to 50 percent

11.5
(73-80)

LOG OF EXPLORATORY BORING

LITHO-
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DATE COMPLETED

C
O

R
E

IN
TE

R
VA

L

7.3 feet*

LOCATION
HOLE DIAMETERDRILLED BY
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12/26/06

BORING NO. GS-01

SAMPLE
NUMBER

low to medium plasticity fines; medium to density to
dense; damp to moist.

5 of 5

Bottom of boring = 80.0 feet.

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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90.0'

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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LOGIC

COLUMN

0 to 1.0 foot:  GRAVELLY SILT WITH SAND (GP);
grayish-brown; 40 percent medium plasticity fines;
30 percent fine to coarse, angular to rounded gravel;
30 percent fine to coarse sand; very soft; wet.
Hydrocarbon-like and mild hydrogen-sulfide-like odors.

PAGE

RECOVERY
IN FEET
(CORE

INTERVAL)

TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

1 of 5
4-inch

SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

1.0 to 23.0 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; 0 to 15 percent very
fine to fine sand; trace fine root hairs and subrounded to
rounded fine gravel; firm; wet.  Slight hydrocarbon-like
odor, decreasing with depth.  Sand lenses ½ inch to
6 inches.

@ 1.0 foot:  3-inch cobble.

@ 17.5 feet:  two twigs; 1.5 to 2 inches in length; 3/4 inch in
thickness.
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LOG OF EXPLORATORY BORING

HOLE DIAMETER

GS-02-W(4-6)1
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GS-02-W(9-11)1

GS-02-S(9-11)2
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DATE COMPLETED

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

GS-02-W(23-27)1

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-02-S(20-23)2

GS-02-S(20-23)3
1.0 to 23.0 feet:  SILT (ML), continued.
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TOTAL DEPTH

REMARKS

23.0 to 35.0 feet:  SAND WITH SILT (SP); grayish-brown;
90 to 95 percent fine to medium sand; 5 to 10 percent
fines; loose to medium density; wet.  Silt lenses 1/4- to
1/2-inch thick.

@ 24.0 feet:  one piece of coarse, sub-rounded gravel.

35.0 to 36.5 feet:  SILT (ML); grayish-brown; 100 percent
medium plasticity fines; trace very fine sand and fine
subrounded gravel; firm; wet.  Sand lenses up to 1 inch.

36.5 to 38.0 feet:  SAND WITH SILT (SP); grayish-brown;
90 to 95 percent fine to medium sand; 5 to 10 percent
fines; loose to medium density; wet.  Silt lenses up to
1 inch.

38.0 to 42.0 feet:  SILT (ML); grayish-brown; 100 percent
medium plasticity fines; trace very fine sand; firm; wet.
Sand lenses up to 3 inches.

GS-02-S(29.5-32)3
25
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DRILL METHOD
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6.2 feet*
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2 of 5
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LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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38.0 to 42.0 feet:  SILT (ML), continued.

GASCO.gds:5.04/11/07.GASCO2...000029-02

RECOVERY
IN FEET
(CORE

INTERVAL)

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

42.0 to 48.0 feet:  SAND WITH SILT (SP); 90 to
95 percent fine to medium sand; 5 to 10 percent fines;
loose to medium density; wet.  Silt lenses up to 1-inch
thick.  Decreasing silt with depth.

48.0 to 73.0 feet:  SAND (SP); grayish-brown; 95 to
100 percent fine to medium sand; trace to 5 percent
fines; loose to medium density; wet.  Decrease in fines
with depth.

20
(48-73)

GS-02-S(40-42)3

GS-02-S(45-48)2

GS-02-W(48-52)1

GS-02-S(53-54)3
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Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

DRILL METHOD

6.2 feet*
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NUMBER

GS-02BORING NO.
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D
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12/28/06



REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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48.0 to 73.0 feet:  SAND (SP), continued.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION
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4-inch
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E

73.0 to 86.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; <5 percent fines;
loose to medium density; wet.  Increase in fines with
depth.  Silt lenses up to 2-inch thick.  Silt nodules up to
2.5 inch in diameter.

13.5
(73-86)

LOG OF EXPLORATORY BORING

LITHO-
LOGIC

COLUMN

GS-02-S(60-63)3

GS-02-S(70-73)3

GS-02-W(73-77)1

GS-02-S(78-80)3

DATE COMPLETED
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L

6.2 feet*

LOCATION
HOLE DIAMETER

DRILL METHOD

GascoPROJECT NAME
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
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LOGGED BY
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ESAMPLE
NUMBER

DRILLED BY

BORING NO.
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GS-02
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GASCO.gds:5.04/11/07.GASCO2...000029-02

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

HOLE DIAMETER

REMARKS

DATE COMPLETED
MUDLINE ELEVATION

5 of 5
4-inch

73.0 to 86.0 feet:  SAND (SP), continued.

6.2 feet*

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE

86.0 to 90.0 feet:  INTERBEDDED BASALT AND SILT
(ML); dark grayish-brown to grayish-brown (darker at
top); low to medium plasticity fines; moist to damp.

Bottom of boring = 90.0 feet.

4.5
(86-90)

12/28/06

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

Portland, Oregon
GS-02

90.0'

LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY
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L

Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION
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LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-03-S(9-11)2

GS-03-S(9-11)3

0 to 5.5 feet:  SANDY SILT (ML); grayish-brown mottled
with black; 70 percent low to medium plasticity fines;
30 percent fine to coarse sand; trace medium to coarse
gravel and twigs and root hairs; soft; wet.
Hydrocarbon-like odor.

@ 0 to 2.5 feet:  hydrogen sulfide-like odor.
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RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02
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HOLE DIAMETER
TOTAL DEPTH

REMARKS

5.5 to 14.0 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; 0 to 15 percent fine
sand; trace twigs (up to ½-inch thick) and root hairs.
Intermittent sand lenses up to ¼-inch thick; firm; wet.

14.0 to 15.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; trace fines; wet.

15.0 to 20.5 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; 0 to 15 percent fine
sand; trace fine root hairs; firm; wet.

16.5
(0-23)

GS-03-S(19-20)3

GS-03-W(13-15)1

GS-03-W(4-6)1

GS-03-S(4-6)2
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L

Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

DRILL METHOD
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ESAMPLE
NUMBER

GS-03

12/19/06
5.5 feet*

123.5'
4-inch
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T
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LOG OF EXPLORATORY BORING

REMARKS

MUDLINE ELEVATION
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GS-53-S(29-32)3
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15.0 to 20.5 feet:  SILT (ML), continued.

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

20.5 to 21.5 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; trace fines; loose to
medium density; wet.

21.5 to 23.0 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; 0 to 15 percent fine
sand; firm; wet.

23.0 to 41.5 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; trace fines; loose to
medium density; wet.

@ 23.0 feet:  one angular piece of medium gravel.

@ 37.5 to 39.0 feet:  SILT (ML); grayish-brown; medium
plasticity fines; firm; wet.

GS-03-S(39-43)3

GS-03-S(20-23)2

GS-03-W(23-27)1

GASCO.gds:5.04/11/07.GASCO2...000029-02
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Gasco
2 of 7
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Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
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5.5 feet*
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25

30

35

40

BORING NO.



HOLE DIAMETER

GS-03-W(48-52)1

GS-03-S(50-52)3

GS-03-S(59-61)3

LITHO-
LOGIC

COLUMN

REMARKS

23.0 to 41.5 feet:  SAND (SP), continued.

RECOVERY
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GASCO.gds:5.04/11/07.GASCO2...000029-02
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LOG OF EXPLORATORY BORING

41.5 to 43.0 feet:  SILT (ML); grayish-brown; 100 percent
medium plasticity fines; trace very fine sand; firm; wet.

@ 43.0 feet:  3-inch-thick sand lens, fine to medium sand.
43.0 to 45.0 feet:  SANDY SILT (ML); grayish-brown;

70 percent medium plasticity fines; 30 percent very fine
to fine sand; firm; wet.

45.0 to 46.5 feet:  SILTY SAND (SM); grayish-brown;
60 percent fine sand; 40 percent medium plasticity fines;
trace fine rounded to well-rounded gravel; loose to
medium density; wet.

46.5 to 48.0 feet:  SANDY SILT (ML); grayish-brown;
70 percent medium plasticity fines; 30 percent fine sand;
firm; wet.

48.0 to 73.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; <5 percent fines;
medium density to dense; wet.  Increasing density with
depth.  Silt lenses.

GS-03-S(45-48)2

24.5
(48-73)

LOGGED BY
TOTAL DEPTH

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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Portland, Oregon
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Kelly Titkemeier

LITHOLOGIC
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GS-03BORING NO.
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5.5 feet*
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MUDLINE ELEVATION
DATE COMPLETED



GASCO.gds:5.04/11/07.GASCO2...000029-02

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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48.0 to 73.0 feet:  SAND (SP), continued.

DATE COMPLETED

RECOVERY
IN FEET
(CORE

INTERVAL)

4 of 7
4-inch
123.5'

73.0 to 111.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; <5 percent fines;
medium density; wet.

22.5
(73-98)

LOG OF EXPLORATORY BORING

GS-03-S(70-73)3

GS-03-W(73-77)1

GS-03-S(78-81)3

MUDLINE ELEVATION

C
O

R
E

IN
TE

R
VA

L

12/19/06
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TOTAL DEPTHDRILL METHOD

GascoPROJECT NAME
Portland, Oregon
Prosonic
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LITHO-
LOGIC

COLUMN

73.0 to 111.0 feet:  SAND (SP), continued.

@ 86.5 feet:  silt nodule approximately 1.5 inches in
diameter.

@ 98.0 feet:  3-inch thick lens of silt at bottom of run.

GS-03-S(89-92)3

GS-03-W(98-102)1

LOGGED BY

PROJECT NAME
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RECOVERY
IN FEET
(CORE

INTERVAL)
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Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
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DRILLED BY
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5 of 7
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123.5'

5.5 feet*
12/19/06
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REMARKS
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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4-inch

22.5
(98-123.5)

GS-03-W(116-120)1

GASCO.gds:5.04/11/07.GASCO2...000029-02
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MUDLINE ELEVATION
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LOG OF EXPLORATORY BORING
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DATE COMPLETED
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73.0 to 111.0 feet:  SAND (SP), continued.

@ 108.5 to 109.0 feet:  SILT (ML).

111.0 to 117.5 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; 0 to 15 percent fine
to medium sand; firm; wet.  Sand lenses up to 3 inches.

117.5 to 119.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; medium to density to
dense; wet.

119.0 to 122.0 feet:  SAND (SP); light brown to tan; fine to
medium sand; <5 percent fines; dense; wet.

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

HOLE DIAMETER
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DATE COMPLETED
MUDLINE ELEVATION
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4-inch

119.0 to 122.0 feet:  SAND (SP), continued.

5.5 feet*

RECOVERY
IN FEET
(CORE

INTERVAL)
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122.0 to 123.5 feet:  BASALT.

Bottom of boring = 123.5 feet.

GS-03-S(120-122)2

12/19/06

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

Portland, Oregon
GS-03
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DRILL METHOD
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0 to 3.0 feet:  SILT WITH SAND (ML); grayish-brown; 75
to 80 percent medium plasticity fines; 15 percent fine to
medium sand; 5 to 10 percent gravel and cobbles; soft;
wet.

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

3.0 to 6.0 feet:  SILT (ML); grayish-brown; 100 percent
medium plasticity fines; trace fine sand; soft; wet.

@ 4.0 feet:  twig or root.

6.0 to 27.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; loose to medium density; wet.

@ 17.0 to 18.0 feet:  wood fragments.

12.5
(0-27)

GASCO.gds:5.04/11/07.GASCO2...000029-02

GS-04-W(4-6)1

GS-04-S(4-6)2

GS-04-W(9-11)1

GS-04-S(9-11)2

GS-04-S(10-11)3

LITHOLOGIC
DESCRIPTION

1 of 8
PROJECT NAME

DRILLED BY

Kelly Titkemeier
SonicDRILL METHOD
Prosonic

LOGGED BY

Portland, Oregon
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Gasco
LOCATION

4-inch
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4.4 feet*
12/14/06
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4-inch

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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6.0 to 27.0 feet:  SAND (SP), continued.
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TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

2 of 8

W
A

TE
R

SA
M

PL
E

27.0 to 45.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; loose to medium
density; wet.

@ 33.0 to 48.0 feet:  faint hydrocarbon-like odor,
decreasing with depth.9.0

(27-48)

LITHO-
LOGIC

COLUMN

HOLE DIAMETER
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GS-04-W(27-31)1
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LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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27.0 to 45.0 feet:  SAND (SP), continued.
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INTERVAL)

TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

45.0 to 46.0 feet:  SILT (ML); grayish-brown; 100 percent
medium plasticity fines; trace fine sand; firm; damp to
moist.

46.0 to 73.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; loose to medium
density; wet.

@ 48.0 to 59.0 feet:  possible faint unidentifiable odor.

@ 51.5 feet:  silt lens 1-inch thick.

@ 59.0 to 73.0 feet:  strong unidentifiable odor,
strengthening with depth.

GS-04-S(45-48)2

GS-04-W(48-52)1

GS-04-S(50-51)3

HOLE DIAMETER
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4-inch

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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46.0 to 73.0 feet:  SAND (SP), continued.
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73.0 to 98.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand, loose to medium
density; wet.  Faint unidentifiable odor.

22.5
(73-98)

LITHO-
LOGIC

COLUMN

HOLE DIAMETER

GS-04-S(60-61)3

GS-04-S(69-70)2
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GASCO.gds:5.04/11/07.GASCO2...000029-02

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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4.4 feet*

LITHO-
LOGIC

COLUMN

PAGE
HOLE DIAMETER

73.0 to 98.0 feet:  SAND (SP), continued.

DATE COMPLETED

RECOVERY
IN FEET
(CORE

INTERVAL)

5 of 8
4-inch
148.0'

@ 88.5 to 91.0 feet:  slightly stronger unidentifiable odor.

98.0 to 110.5 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; <5 percent fines;
loose to medium density; wet.

LOG OF EXPLORATORY BORING

GS-04-S(91-93)3

GS-04-S(95-98)2

GS-04-W(98-102)1

MUDLINE ELEVATION

C
O

R
E

IN
TE

R
VA

L

12/14/06

LOCATION

TOTAL DEPTHDRILL METHOD

GascoPROJECT NAME
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

LOGGED BY

BORING NO.

DRILLED BY

SAMPLE
NUMBER

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

D
EP

TH
IN

 F
EE

T

85

90

95

100

GS-04



HOLE DIAMETER

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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E

SO
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H
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TR
Y

SA
M
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E

12/14/06

PAGE

TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

6 of 8

98.0 to 110.5 feet:  SAND (SP), continued.
@ 98.0 to 123.0 feet:  faint unidentifiable odor noted.

148.0'

RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02

@ 103.5 to 105.5 feet:  SAND WITH SILT (SP);
grayish-brown; 85 to 90 percent fine to medium sand; 10
to 15 percent fines; loose to medium density; wet.

110.5 to 114.0 feet:  SILT (ML); grayish-brown;
100 percent medium plasticity fines, firm to stiff; wet.
Sand lenses ½-inch to 3-inches thick.

114.0 to 123.0 feet:  SAND (SP); grayish-brown;
100 percent fine to medium sand; trace fines; loose to
medium density; wet.

19.5
(98-123)

REMARKS

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

4.4 feet*

C
O

R
E

IN
TE

R
VA

L

BORING NO.

4-inch

PROJECT NAME
LOCATION
DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

LOGGED BY

GS-04

SAMPLE
NUMBER

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

D
EP

TH
IN

 F
EE

T

105

110

115

120



REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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148.0'

GASCO.gds:5.04/11/07.GASCO2...000029-02

PAGE
HOLE DIAMETER
TOTAL DEPTH

114.0 to 123.0 feet:  SAND (SP), continued.

MUDLINE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

4-inch

SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

123.0 to 133.0 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines;
medium density; wet.

@ 123.0 to 126.5 feet:  trace silt nodules up to 3 inches.

133.0 to 134.0 feet:  SILT (ML); grayish-brown; low to
medium plasticity; trace sand; stiff; moist to wet.

134.0 to 148.0 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 to 10 percent fines;
dense; wet.

LOG OF EXPLORATORY BORING

LITHO-
LOGIC

COLUMN

GS-04-W(123-127)1

7 of 8

20.5
(123-148)

C
O

R
E

IN
TE

R
VA

L

4.4 feet*
DATE COMPLETED

LOCATION
DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

LOGGED BY

BORING NO.PROJECT NAME

SAMPLE
NUMBER

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

12/14/06

D
EP
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IN

 F
EE

T

125

130

135

140

GS-04



MUDLINE ELEVATION

SO
IL
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TR
Y

SA
M
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E

GASCO.gds:5.04/11/07.GASCO2...000029-02

PAGE
HOLE DIAMETER

SAMPLE
NUMBER

DATE COMPLETED

8 of 8
4-inch
148.0'

4.4 feet*

134.0 to 148.0 feet:  SAND (SP), continued.

BORING NO.

RECOVERY
IN FEET
(CORE

INTERVAL)

TOTAL DEPTH

Bottom of boring = 148.0 feet.GS-04-W(148-152)1

W
A

TE
R

SA
M

PL
E

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-04
Portland, Oregon

PROJECT NAME

12/14/06

DRILLED BY
DRILL METHOD
LOGGED BY

C
O

R
E

IN
TE

R
VA

L

Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

Gasco

G
EO
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C
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N
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A

L
SA

M
PL

E

LOCATION

D
EP

TH
IN

 F
EE

T

145

150

155

160



0 to 1.0 foot:  RIPRAP

TOTAL DEPTH

GS-05-W(9-11)1

GS-05-S(9-11)2

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

GS-05-S(3-4)2

REMARKS

RECOVERY
IN FEET
(CORE

INTERVAL)

W
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Y
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M
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E
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1.0 to 3.5 feet:  SILT (ML); grayish-brown; 85 to
90 percent medium to high plasticity fines; 10 to
15 percent fine sand; <5 percent organics (roots, leaves,
wood chunks); wet.

3.5 to 4.0 feet:  SILTY SAND (SM); dark brown to black;
fine to medium sand; medium plasticity fines; trace
wood chunks; wet.  Sheen.

4.0 to 23.0 feet:  SILTY SAND (SM); grayish brown;
70 percent fine to medium sand; 30 percent medium
plasticity fines; trace roots; wet.  Sand fining with depth.
Sheen and hydrocarbon-like odor from 4.0 to 15.5 feet.
Free product droplets from 4.0 to 13.0 feet.

GS-05-W(4-6)1

GS-05-S(4-11)3

2
(4-13)

2
(0-4)

Sonic

Gasco

LITHOLOGIC
DESCRIPTION

DATE COMPLETEDKelly Titkemeier/John Renda

Prosonic

PROJECT NAME
Portland, OregonLOCATION

DRILLED BY

C
O

R
E

IN
TE

R
VA

L

DRILL METHOD
LOGGED BY

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

MUDLINE ELEVATION

1 of 11
4-inch
200.0'

8.0 feet*
10/31/06

BORING NO.

SAMPLE
NUMBER
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15

20
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4.0 to 23.0 feet:  SILTY SAND (SM), continued.

GS-05-S(33-36)3

GS-05-S(39-42)3

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

TOTAL DEPTH

REMARKS

RECOVERY
IN FEET
(CORE

INTERVAL)
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E
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HOLE DIAMETER

5.5
(23-28)

23.0 to 29.0 feet:  SAND (SP); grayish brown; 95 percent
fine to medium sand; 5 percent fines; wet.

29.0 to 32.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; trace fine sand; wet.  Lenses of
sandy silt <1-inch in thickness.

32.0 to 41.5 feet:  INTERBEDDED SILT (ML);
grayish-brown; medium to high plasticity fines; trace
fine sand; wet; AND SAND WITH SILT (SP); grayish
brown; 90 percent fine to medium sand; 10 percent
medium to high plasticity fines; wet.  INTERBEDDED
50:50.

GS-05-W(23-27)1

10
(13-23)

GS-05-S(20-22)2

GS-05-S(20-22)3

7
(28-38)

Sonic

C
O

R
E

IN
TE

R
VA

L LITHOLOGIC
DESCRIPTION

DATE COMPLETEDKelly Titkemeier/John Renda

Prosonic

PROJECT NAME
Portland, OregonLOCATION

DRILLED BY
DRILL METHOD
LOGGED BY

Gasco

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

MUDLINE ELEVATION

2 of 11
4-inch
200.0'

8.0 feet*
10/31/06

BORING NO.

SAMPLE
NUMBER

25

30
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LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-05-S(45-48)2

GS-05-S(45-48)3

32.0 to 41.5 feet:  INTERBEDDED SILT (ML) AND SAND
WITH SILT (SP), continued.

W
A

TE
R

SA
M

PL
E

RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02

PAGE
HOLE DIAMETER
TOTAL DEPTH

REMARKS

41.5 to 49.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.

49.0 to 52.0 feet:  SILT (ML); grayish brown; 90 to
95 percent medium plasticity fines; 5 to 10 percent fine
to very fine sand; wet.

52.0 to 123.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.  Unidentifiable
odor.

@ 53.0 feet:  1-inch lens of silt.

GS-05-S(59-64)3

7.5
(48-55)

GS-05-W(55-59)1

SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

9.5
(38-48)

Kelly Titkemeier/John Renda

C
O

R
E

IN
TE

R
VA

L

MUDLINE ELEVATION

LITHOLOGIC
DESCRIPTION

PROJECT NAME

Sonic
Prosonic

LOCATION
DRILLED BY

Portland, Oregon

DRILL METHOD
LOGGED BY

Gasco
3 of 11
4-inch
200.0'

8.0 feet*
10/31/06

BORING NO. GS-05

45

50

55

60

D
EP

TH
IN
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EE

TSAMPLE
NUMBER
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C

H
N
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A

L
SA

M
PL

E



GASCO.gds:5.04/11/07.GASCO2...000029-02

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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8.0 feet*

LITHO-
LOGIC

COLUMN

PAGE

52.0 to 123.0 feet:  SAND (SP), continued.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION

4 of 11
4-inch
200.0'

@ 80.0 feet:  one piece of coarse, rounded gravel.

10
(55-73)

1
(73-78)

LOG OF EXPLORATORY BORING

GS-05-S(69-73)3

GS-05-W(73-77)1

GS-05-S(79-82)3

DATE COMPLETED

C
O

R
E

IN
TE

R
VA

L

10/31/06

LOCATION
HOLE DIAMETER

DRILL METHOD

GascoPROJECT NAME
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
DESCRIPTION

LOGGED BY
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M
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ESAMPLE
NUMBER

DRILLED BY

GS-05BORING NO.
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80



4-inch

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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52.0 to 123.0 feet:  SAND (SP), continued.

HOLE DIAMETER

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED
MUDLINE ELEVATION

5 of 11
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A
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R

SA
M
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E

@ 94.0 feet:  trace fine gravel.

@ 95.0 to 98.0 feet:  trace coarse sand-sized pieces of
rounded pumice; white to light gray.

@ 96.5 feet:  wood chunk 1-inch by ½-inch.

10
(78-88)

9.5
(88-98)

LITHO-
LOGIC

COLUMN

TOTAL DEPTH

GS-05-S(89-92)3

GS-05-S(95-98)2

GS-05-W(98-102)1

0
(98-103)

C
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R
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L

200.0'

PROJECT NAME
PAGE

DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
DESCRIPTION

LOGGED BY

BORING NO.

SAMPLE
NUMBER
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8.0 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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LOG OF EXPLORATORY BORING

PAGE
HOLE DIAMETER
TOTAL DEPTH

52.0 to 123.0 feet:  SAND (SP), continued.

MUDLINE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

4-inch
200.0'

@ 116.0 to 117.0 feet:  coarse sand-sized pieces of
rounded pumice.

@ 117.0 to 119.0 feet:  wood fragment ½-inch x ½-inch and
twig <½-inch long.

0
(103-108)

9
(113-123)

6 of 11

GS-05-CW(100)1

LITHO-
LOGIC

COLUMN

5
(108-113)
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10/31/06

PROJECT NAME

DATE COMPLETED

DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
DESCRIPTION

LOGGED BY

BORING NO. GS-05
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MUDLINE ELEVATION

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

GS-05-W(123-127)1
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E

52.0 to 123.0 feet:  SAND (SP), continued.

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

123.0 to 128.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines.  No to very faint
unidentifiable odor.

128.0 to 136.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; 95 percent fine to medium sand;
5 percent fines; wet; AND SILT (ML); 90 to 95 percent
medium plasticity fines; 5 to 10 percent very fine to fine
sand; wet.  Beds 1 inch to 1 foot.

@ 128.5 feet:  one piece of medium, rounded gravel.

136.0 to 141.5 feet:  SAND (SP); grayish brown; fine to
medium sand; <5 percent fines; wet.

GASCO.gds:5.04/11/07.GASCO2...000029-02

5
(123-128)

9.5
(128-138)

GS-05-S(120-123)2

PROJECT NAME
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R
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L

7 of 11

LITHOLOGIC
DESCRIPTION

Kelly Titkemeier/John Renda
Sonic

LOCATION
DRILLED BY
DRILL METHOD

Prosonic

LOGGED BY

Portland, Oregon
Gasco

4-inch
200.0'

8.0 feet*
10/31/06

BORING NO. GS-05
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

TOTAL DEPTH

GS-05-W(148-152)1

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

136.0 to 141.5 feet:  SAND (SP), continued.
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RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02

PAGE
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141.5 to 142.5 feet:  SILT (ML); grayish-brown; 90 to
95 percent medium plasticity fines; 5 to 10 percent very
fine sand; wet.

@ 142.0 feet:  1-inch thick lens of sand.
142.5 to 158.5 feet:  SAND (SP); grayish-brown; fine to

medium sand; <5 percent fines; wet.

@ 154.5 feet:  6-inch thick lens of silt.

@ 157.5 feet:  one piece of coarse, rounded gravel.

158.5 to 159.5 feet:  GRAVELLY SAND (GP);
grayish-brown; 70 percent fine to medium sand;
30 percent fine to coarse gravel; <5 percent fines; wet.

GS-05-S(145-148)2

10
(138-148)

4.5
(148-153)

9
(153-163)

LOGGED BY DATE COMPLETED

W
A

TE
R

SA
M

PL
E

PROJECT NAME
LOCATION

DRILL METHOD

Gasco

C
O

R
E

IN
TE

R
VA

L

Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
DESCRIPTION

DRILLED BY

G
EO

TE
C

H
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A

L
SA

M
PL

ESAMPLE
NUMBER

GS-05BORING NO.

8.0 feet*

200.0'
4-inch

D
EP
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IN

 F
EE

T

8 of 11

MUDLINE ELEVATION

145

150

155

160

10/31/06



DATE COMPLETED

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

GS-05-S(170-173)2

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

159.5 to 163.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.
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RECOVERY
IN FEET
(CORE

INTERVAL)
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HOLE DIAMETER
TOTAL DEPTH

REMARKS

@ 160.0 feet:  6-inch thick lens of silt.

163.0 to 165.0 feet:  SILTY SAND (SM); grayish-brown;
70 to 80 percent fine to coarse, angular to subrounded
sand; 20 to 30 percent fines; wet.  Silt nodules ¼- to
½-inch; soft.  Faint unidentifiable odor.

165.0 to 171.0 feet:  SAND (SP); grayish brown;
95 percent fine to medium sand; <5 percent fines; trace
coarse sand; wet.  Faint unidentifiable odor.

171.0 to 173.0 feet:  SILTY SAND (SM); grayish-brown;
80 percent fine to coarse, angular to subrounded sand;
20 percent fines; wet.  Some quartzite sand.  Faint
unidentifiable odor.

173.0 to 184.0 feet:  SAND (SP); grayish-brown; fine to
coarse sand; <5 percent fines; wet.  Very faint
unidentifiable odor.

GS-05-W(173-177)1

4
(163-173)

2.5
(173-180)

Gasco

MUDLINE ELEVATION

W
A

TE
R

SA
M

PL
E

PROJECT NAME
LOCATION
DRILLED BY

LOGGED BY

C
O

R
E

IN
TE

R
VA

L

Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
DESCRIPTION

DRILL METHOD

SAMPLE
NUMBER

G
EO

TE
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H
N

IC
A

L
SA

M
PL

E

BORING NO.

10/31/06
8.0 feet*

D
EP

TH
IN

 F
EE

T

200.0'
4-inch

165

170

175

180

9 of 11
GS-05



LOG OF EXPLORATORY BORING

GS-05-W(191-195)1

GASCO.gds:5.04/11/07.GASCO2...000029-02

LITHO-
LOGIC

COLUMN

REMARKS

173.0 to 184.0 feet:  SAND (SP), continued.

RECOVERY
IN FEET
(CORE

INTERVAL)
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Y
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E

184.0 to 186.0 feet:  SAND (SP); grayish-brown; fine to
coarse sand; <5 percent fines; trace fine to coarse,
subrounded to rounded gravel.

186.0 to 187.0 feet:  SANDY GRAVEL (GP); 60 percent
fine to coarse, angular to rounded gravel; 40 percent
fine to coarse sand; <5 percent fines; wet.  Some
quartzite gravel.

@ 186.0 feet:  one cobble 0.4 x 0.3 feet.
187.0 to 190.0 feet:  SAND (SP); grayish-brown; fine to

coarse sand; trace to 10 percent fine to coarse,
subangular to rounded gravel; <5 percent fines; wet.

190.0 to 192.0 feet:  GRAVELLY SAND (GP);
grayish-brown; 80 to 85 percent fine to coarse sand; 15
to 20 percent fine to coarse, angular to rounded gravel;
<5 percent fines; wet.

192.0 to 196.5 feet:  GRAVEL WITH SILT (GP); grayish
brown; 80 percent fine to coarse, angular to rounded
gravel; 10 percent fine to coarse sand; 10 percent fines;
wet.

@ 194.5 feet:  cobble 0.35 foot by 0.3 foot.
@ 195.0 to 196.5 feet:  color change to grayish-brown to

brown.

196.5 to 197.0 feet:  SANDY GRAVEL WITH SILT (GP);
grayish-brown; 50 percent fine to coarse, angular to
rounded gravel; 35 percent fine to coarse sand;
15 percent fines; wet.

@ 196.5 feet:  silt nodule 2 inches x 2 inches; rounded
cobble 0.3 foot x 0.2 foot.

197.0 to 200.0 feet:  BASALT

9
(180-190)

7.5
(190-200)

LOCATION

Kelly Titkemeier/John Renda

D
EP

TH
IN

 F
EE

T

Sonic

PAGE
Prosonic

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

185
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200

Portland, Oregon

LITHOLOGIC
DESCRIPTION

Gasco

LOGGED BY
DRILL METHOD
DRILLED BY

PROJECT NAME
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E
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R
VA

L

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

10 of 11
4-inch
200.0'

8.0 feet*
10/31/06

BORING NO.
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NUMBER
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E

GS-05



8.0 feet*
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E

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

11 of 11

GASCO.gds:5.04/11/07.GASCO2...000029-02

200.0'
10/31/06

BORING NO. GS-05

SAMPLE
NUMBER

Bottom of boring = 200.0 feet.

4-inch

REMARKS

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

PAGE

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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Prosonic
LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

Gasco
Portland, Oregon

Sonic
Kelly Titkemeier/John Renda

LITHOLOGIC
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PROJECT NAME

RECOVERY
IN FEET
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INTERVAL)
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DATE COMPLETED

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

GS-06-S(7-20)3

GS-06-W(4-6)1

GS-06-S(4-6)2

GS-56-S(4-6)2

RECOVERY
IN FEET
(CORE

INTERVAL)
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E
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Y
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E

GASCO.gds:5.04/11/07.GASCO2...000029-02
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HOLE DIAMETER
TOTAL DEPTH

REMARKS

0 to 2.0 feet:  SAND (SP); brown; fine to coarse sand;
trace fines and fine to coarse, angular to subrounded
gravel; loose; wet.  Faint hydrocarbon-like odor.  Trace
spotty sheen.

2.0 to 7.0 feet:  SANDY SILT (ML); grayish-brown;
55 percent low to medium plasticity fines; 45 percent
fine sand; soft; wet.  One cobble 4 inches in diameter.
Faint hydrocarbon-like odor.  Trace spotty sheen.

7.0 to 20.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; loose; wet; AND SILT (ML);
grayish-brown, medium plasticity fines; trace medium to
coarse, angular to subangular gravel; trace twigs; soft;
wet.  Faint hydrocarbon-like odor.  Trace spotty sheen.

Note:  Intact sample not obtained.  Core slipped from core
barrel and was recovered from drilling platform.

6
(0-7)

GS-06-W(9-11)1

GS-06-S(9-11)2

2
(7-20)

Gasco

LITHOLOGIC
DESCRIPTION

MUDLINE ELEVATION

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

Sonic

PROJECT NAME

Prosonic
LOCATION
DRILLED BY

Portland, Oregon

DRILL METHOD

C
O

R
E

IN
TE

R
VA

L

LOGGED BY Kelly Titkemeier

1 of 8
4-inch
148.0'

7.5 feet*
1/18/07

BORING NO. GS-06

SAMPLE
NUMBER
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20.0 to 23.0 feet:  INTERBEDDED SAND (SP); grayish
brown; fine to medium sand; loose; wet; AND SILT
(ML); grayish-brown; medium plasticity fines; soft; wet.
Faint hydrocarbon-like odor.  Trace spotty sheen.

23.0 to 28.0 feet:  SAND WITH SILT (SP); grayish-brown;
90 to 95 percent fine to medium sand; 5 to 10 percent
fines; loose; wet.

28.0 to 44.0 feet:  SILT (ML); grayish-brown; 85 to
100 percent medium plasticity fines; trace to 15 percent
fine to medium sand; soft; wet.  Sand lenses.

13.5
(23-48)

Portland, Oregon

RECOVERY
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148.0'

7.5 feet*
1/18/07Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

MUDLINE ELEVATION

GS-06BORING NO.

GS-06-S(20-23)2

GS-06-S(20-23)3

GS-06-W(23-27)1

GS-56-W(23-27)1
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E

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-06-S(28-33)3

GS-56-S(28-33)3



LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

MUDLINE ELEVATION

GS-06-S(41-44)2

GS-56-S(41-44)2

GS-06-S(41-44)3

W
A
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R

SA
M

PL
E

55.5 to 56.5 feet:  SILT (ML); grayish-brown; medium
plasticity fines, firm to stiff; wet.  Faint unidentifiable
odor.

RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02
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TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

56.5 to 60.5 feet:  SILTY SAND (SM); grayish brown; 75
to 85 percent fine to medium sand; 15 to 25 percent
fines; loose to medium density; wet.  Faint unidentifiable
odor.

28.0 to 44.0 feet:  SILT (ML), continued.

44.0 to 48.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace to 5 percent fines; loose; wet.  Silt
lenses.

48.0 to 55.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; loose to medium
density; wet.  Faint unidentifiable odor.

17
(48-73)

GS-06-W(48-52)1

GS-56-W(48-52)1

GS-06-S(48-52)3

Kelly Titkemeier

Gasco
3 of 8
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148.0'
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1/18/07
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-06-S(69-73)3

GS-06-W(73-77)1

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

TOTAL DEPTH

REMARKS

56.5 to 60.5 feet:  SILTY SAND (SM), continued.

RECOVERY
IN FEET
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INTERVAL)
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22.5
(73-98)

60.5 to 63.5 feet:  SANDY SILT (ML); grayish-brown; 85
to 100 percent medium plasticity fines; trace to
15 percent fine to medium sand; soft to firm.  Increasing
strong unidentifiable odor.

63.5 to 65.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; loose to medium
density; wet.  Silt lenses.  Increasingly strong
unidentifiable odor.

65.0 to 73.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; loose to medium
density; wet.  Increasingly strong unidentifiable odor.

@ 73.0 feet:  strong unidentifiable odor.
73.0 to 83.0 feet:  SAND (SP); grayish-brown; fine to

medium sand; <5 percent fines; medium density; wet.
Silt lenses.  Moderate to strong unidentifiable odor.

GS-06-S(65-69)2

GS-06-S(61-64)3

GS-56-S(61-64)3

W
A
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R

SA
M

PL
E

LOGGED BY DATE COMPLETED

PROJECT NAME
LOCATION

DRILL METHOD
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C
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R
E
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R
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L

Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

DRILLED BY

7.5 feet*
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75

80

SAMPLE
NUMBER

GS-06BORING NO.

1/18/07
148.0'
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T

4-inch
4 of 8

MUDLINE ELEVATION
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E

5 of 8

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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73.0 to 83.0 feet:  SAND (SP), continued.

GASCO.gds:5.04/11/07.GASCO2...000029-02

RECOVERY
IN FEET
(CORE

INTERVAL)

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

83.0 to 90.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; fine to medium sand; medium density;
wet; AND SILT (ML); grayish-brown; low to medium
plasticity; firm to stiff; damp to moist.  SAND:SILT
interbedded 50:50.  Moderate to strong unidentifiable
odor.

90.0 to 98.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; medium density; wet.
Moderate to strong unidentifiable odor.

98.0 to 123.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines, coarse sand, and fine
subrounded to rounded gravel; medium density; wet.
Some of the gravel-sized material is pumice.  Moderate

PAGE

GS-06-S(80-83)3

GS-06-S(90-92)3

GS-06-S(95-98)2

GS-06-W(98-102)1

Gasco

4-inch
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Portland, Oregon
Prosonic
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Kelly Titkemeier
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BORING NO.



MUDLINE ELEVATION

RECOVERY
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INTERVAL)
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6 of 8
4-inch
148.0'

7.5 feet*
1/18/07

to strong unidentifiable odor.

GS-06

TOTAL DEPTH

@ 116.0 to 117.0 feet:  wood chunks and twigs up to
2-inches in length.

17
(98-123)
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NUMBER
LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

Portland, Oregon
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L

Prosonic
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Kelly Titkemeier
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LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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GASCO.gds:5.04/11/07.GASCO2...000029-02

98.0 to 123.0 feet:  SAND (SP), continued.

HOLE DIAMETER

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED
MUDLINE ELEVATION

123.0 to 131.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace to 5 percent fines; medium density;
wet.  Moderate to strong unidentifiable odor.

@ 129.0 to 129.5 feet:  grayish-brown to brown; fine to
coarse sand (coarse fraction mainly pumice); trace
wood fragments.

131.5 to 134.5 feet:  SILTY SAND (SM); grayish-brown;
85 percent fine to medium sand; 15 percent fines;
medium density; wet.  Silt lenses.  Moderate to strong
unidentifiable odor.

134.5 to 135.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines; medium density; wet.  Trace
coarse sand.  Moderate to strong unidentifiable odor.

135.5 to 140.5 feet:  SILTY SAND (SM); grayish-brown;
85 percent fine to medium sand; 15 percent fines,
medium to dense; wet.  Silt lenses up to 6-inches thick;
medium to low plasticity.  Moderate to strong
unidentifiable odor.

20.5
(123-148)

GS-06-W(123-127)1

TOTAL DEPTH

Gasco

4-inch
PAGE
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Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

DRILL METHOD 148.0'

7.5 feet*
1/18/07

BORING NO. GS-06
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BORING NO.

HOLE DIAMETER

DATE COMPLETED
MUDLINE ELEVATION

8 of 8

135.5 to 140.5 feet:  SILTY SAND (SM), continued.

148.0'

RECOVERY
IN FEET
(CORE

INTERVAL)

1/18/07

PAGE

GS-06-W(148-152)1

140.5 to 148.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; trace coarse sand
(mostly pumice); medium to dense; wet.  Moderate to
strong unidentifiable odor.

@ 148.0 feet:  fine to coarse subrounded to rounded gravel
and 1 cobble 3.5 inch in diameter.

Bottom of boring = 148.0 feet.

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
REMARKS

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

7.5 feet*

Portland, Oregon
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LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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0 to 3.0 feet:  SAND WITH SILT (SP); 90 to 95 percent
fine to medium sand, 5 to 10 percent nonplastic to low
plasticity fines; wet.  Light sheen.

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

3.0 to 13.0 feet:  SILT (ML); gray to black; 85 to
90 percent fines; 10 to 15 percent fine to medium sand.
Heavy sheen.  Free product droplets and layers, but not
flowing.

@ 9.0 to 10.0 feet:  friable coarse gravel; fine yellow
crystals when broken.

13.0 to 23.0 feet:  SILT (ML), grayish brown; 85 to
90 percent low to medium plasticity fines; 10 to
15 percent fine sand; <5 percent organics (root hairs,
grasses); wet.  Trace sand lenses <0.1-foot thick; fine to
medium sand.

9.0
(0-23)

GS-07-W(4-6)1

GS-07-S(4-6)2

GS-07-S(4-6)3

GS-07-W(9-11)1

GS-07-S(9-11)2

GS-07-S(15-18)3
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LITHOLOGIC
DESCRIPTION

John Renda
DRILL METHOD Sonic
LOGGED BY
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Portland, Oregon
Gasco

LOCATION

193.0'

3.1 feet*
10/20/06

BORING NO. GS-07
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LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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13.0 to 23.0 feet:  SILT (ML), continued.

RECOVERY
IN FEET
(CORE

INTERVAL)
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DATE COMPLETED
MUDLINE ELEVATION

9
(28-38)

23.0 to 27.0 feet:  SILTY SAND (SM); grayish brown to
gray; 80 to 85 percent fine to medium sand; 15 to
20 percent medium plasticity fines; trace organics
(grasses and root hairs); loose.  Sheen.  Strong
hydrocarbon-like odor.

27.0 to 48.0 feet:  SILTY SAND (SM); grayish brown; 70
to 80 percent fine to medium sand; 20 to 30 percent
fines; trace organics.  Sand lenses 0.1 to 0.2-feet thick;
fine to medium sand.  Silt lenses 0.1 to 0.2-feet thick;
medium to high plasticity fines.  Faint hydrocarbon-like
odor.

@ 28.0 to 29.0 feet:  trace spotty sheen.

2
(23-28)

GS-07-W(23-27)1

GS-07-S(23-27)2

GS-07-S(28-30)3

GASCO.gds:5.04/11/07.GASCO2...000029-02
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Portland, Oregon
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John Renda

LITHOLOGIC
DESCRIPTION

DRILL METHOD 193.0'

3.1 feet*
10/20/06
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MUDLINE ELEVATION
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GS-07-S(53-55)3
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27.0 to 48.0 feet:  SILTY SAND (SM); continued.
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

9
(53-63)

@ 41.0 to 48.0 feet:  thin (<1mm) organic layers of grasses.

48.0 to 52.0 feet:  SAND (SP); grayish brown; fine to
medium sand; <5 percent fines; wet.  Silt lenses 0.2 to
3 feet; high plasticity fines; wet.

52.0 to 63.0 feet:  SILTY SAND (SM); grayish-brown;
interbedded sand and silt layers.  Fine to medium sand.
Medium to high plasticity fines.  Overall 20 to 30 percent
fines.

3
(48-53)

GS-07-S(41-43)3

GS-07-W(48-52)1

GS-07-S(48-52)2

10
(38-48)

LITHOLOGIC
DESCRIPTION

Portland, Oregon 3 of 10
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LOCATION

Sonic
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63.0 to 81.0 feet:  SAND (SP); grayish-brown; 95 percent
fine to medium sand; 5 percent fines.  Faint
hydrocarbon-like odor.

5
(73-78)
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80

52.0 to 63.0 feet:  SILTY SAND (SM), continued.

@ 70.0 feet:  silt layer; medium plasticity fines.

@ 72.0 feet:  silt layer, medium plasticity fines.

@ 73.0 feet:  silt layer, medium plasticity fines.
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3.1 feet*
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193.0'

10
(63-73)

10/20/06

BORING NO. GS-07

SAMPLE
NUMBER
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E

4-inch
DRILL METHOD

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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Portland, Oregon
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Sonic
John Renda

LITHOLOGIC
DESCRIPTION

LOCATION

LOG OF EXPLORATORY BORING

GS-07-S(62-63)3

GS-07-S(70-72)3

GS-07-W(73-77)1

GS-57-W(73-77)1



HOLE DIAMETER

GS-07-S(80-82)3

GS-07-S(90-92)3

GS-07-W(98-102)1

GS-07-S(98-102)2

LITHO-
LOGIC

COLUMN

REMARKS

63.0 to 81.0 feet:  SAND (SP), continued.
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LOG OF EXPLORATORY BORING

81.0 to 88.0 feet:  SILTY SAND (SM); grayish-brown;
interbedded sand and silt layers.  Fine to medium sand.
Medium to high plasticity fines.  Overall 20 to 30 percent
fines.

88.0 to 89.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; <5 percent sand.

89.0 to 92.0 feet:  INTERBEDDED SAND (SP) AND SILT
(ML); medium to high plasticity fines.  Interbedded
50:50.

92.0 to 98.0 feet:  SAND (SP); grayish brown; fine to
medium sand.  Trace silt lenses 0.1- to 0.2-foot thick;
medium plasticity fines.

98.0 to 148.0 feet:  SAND (SP); gray; fine to medium
sand; trace fines; wet.  No odor.

9
(78-88)

10
(88-98)

Prosonic
DRILL METHOD

LITHOLOGIC
DESCRIPTION

TOTAL DEPTH
John Renda

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

Portland, Oregon
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L

GascoPROJECT NAME
LOCATION

LOGGED BY

DRILLED BY
Sonic

DATE COMPLETED
MUDLINE ELEVATION
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

98.0 to 148.0 feet:  SAND (SP), continued.

6 of 10

RECOVERY
IN FEET
(CORE

INTERVAL)

193.0'

3.1 feet*

@ 113.0 to 123.0 feet:  trace silt nodules up to 0.1-feet in
diameter; low to medium plasticity fines.  No odor.

@ 115.0 feet:  3-inch x ½-inch wood chunk.

5
(98-103)

9
(103-113)

REMARKS

4-inch

GS-07-CW(100)1

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

11
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BORING NO.PROJECT NAME

MUDLINE ELEVATION
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

98.0 to 148.0 feet:  SAND (SP), continued.

7 of 10

RECOVERY
IN FEET
(CORE

INTERVAL)

193.0'

3.1 feet*

@ 123.0 to 127.0 feet:  pumice (coarse sand- to fine
gravel-sized) and wood chips up to 1-inch in diameter.

@ 127.0 to 138.0 feet:  trace pumice (coarse sand-sized).

@ 130.0 feet:  <1-inch-thick layer of wood fragments.

@ 137.5 feet:  0.3-foot-thick silt lens; medium to high
plasticity fines.

REMARKS

4-inch

GS-07-W(123-127)1

GS-07-S(123-127)2

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING
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98.0 to 148.0 feet:  SAND (SP), continued.

GASCO.gds:5.04/11/07.GASCO2...000029-02

RECOVERY
IN FEET
(CORE

INTERVAL)

HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

@ 141.0 feet:  trace silt nodules up to 0.2-foot in diameter.

@ 144.0 feet:  leaf in middle of silt nodule.

@ 147.5 feet:  silt; medium to high plasticity; twigs and
wood chips.

148.0 to 153.0 feet:  SILTY SAND (SM); grayish-brown;
80 percent fine to coarse sand (mostly coarse; coarse
sand appears to be pumice); 20 percent fines; with
wood fragments.

Note:  Only 0.5-foot recovered for 5-foot core.

153.0 to 161.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines.  Sand coarsening with
depth.

@ 158.5 to 161.0 feet:  trace to 10 percent fine to coarse
gravel; subrounded to rounded.

GS-07-W(148-152)1

10
(138-148)

0.5
(148-153)

9
(153-163)
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GS-07-W(170-174)1
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153.0 to 161.0 feet:  SAND (SP), continued.
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INTERVAL)
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TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

161.0 to 168.0 feet:  SANDY GRAVEL (GP);
grayish-brown; 70 to 80 percent angular to rounded, fine
to coarse gravel; 20 to 30 percent fine to coarse sand;
trace fines.  Some quartzite gravel.

168.0 to 169.0 feet:  GRAVEL (GP); grayish brown; fine to
coarse, subangular to well rounded gravel; trace fines
and sand.  Some quartzite gravel.

169.0 to 173.0 feet:  SANDY GRAVEL (GP);
grayish-brown; 70 to 80 percent angular to rounded, fine
to coarse gravel; 20 to 30 percent fine to coarse sand;
trace fines.  Some quartzite gravel.

173.0 to 188.0 feet:  GRAVEL (GP); grayish-brown; fine to
coarse, subangular to well rounded gravel and cobbles;
trace fines and sand.  Some quartzite gravel.

GASCO.gds:5.04/11/07.GASCO2...000029-02

10
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10
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3.1 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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173.0 to 188.0 feet:  GRAVEL (GP); continued.

10 of 10

RECOVERY
IN FEET
(CORE

INTERVAL)

193.0'

10
(183-193)

@ 187.5 feet:  0.4-foot quartzite cobble.
188.0 to 190.0 feet:  VESICULAR BASALT; cores up to

0.5 foot.

190.0 to 193.0 feet:  VESICULAR BASALT; 10 to
15 precent sandy silt; medium to high plasticity fines.

Bottom of boring = 193.0 feet.

4-inch

LITHO-
LOGIC

COLUMNC
O
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TE

R
VA

L

10/20/06
MUDLINE ELEVATION

LOCATION
DRILLED BY
DRILL METHOD
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0 to 6.0 feet:  SANDY SILT (ML); yellowish-brown to
rust-brown; medium plasticity fines; moist.  Gravel,
cobbles, and riprap in sandy silt matrix.

GS-08-W(4-6)1

GS-08-S(6-8)3

GS-08-W(9-11)1

GS-08-S(9-10)2

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

HOLE DIAMETER

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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3.5
(4-9)

@ 2.5 to 3.5 feet:  color change to grayish-brown; wet.

@ 3.5 to 6.0 feet:  color change to gray.

6.0 to 7.0 feet:  SAND (SP); dark gray; fine to medium
sand; wet.  Heavy sheen.  Fine product droplets.

7.0 to 30.0 feet:  SILTY SAND (SM); grayish-brown; 80 to
85 percent fine sand; 15 to 20 percent medium plasticity
fines; trace organics (wood chunks, roots).

@ 9.0 to 12.0 feet:  sheen in sand laminations.
@ 9.0 to 30.0 feet:  increase in silt percentage to 20 to

30 percent.  Hydrocarbon-like odor.

GS-08-S(3-4)2

4
(0-4)

11
(9-23)

Gasco

LITHOLOGIC
DESCRIPTION

TOTAL DEPTH
John Renda
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DRILL METHOD
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DATE COMPLETED
MUDLINE ELEVATION

1 of 8
4-inch
148.0'

10.2 feet*
10/27/06

GS-08

D
EP

TH
IN

 F
EE

T

BORING NO.

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E



SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

2 of 8
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7.0 to 30.0 feet:  SILTY SAND (SM); continued.

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

30.0 to 40.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.

3
(23-30)

7
(30-43)

GS-08-S(20-23)2

GS-08-S(20-23)3

GS-08-W(23-27)1

GS-08-S(29-30)3
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LOG OF EXPLORATORY BORING

DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

GS-08-S(43-45)2

GS-58-S(43-45)2

40.0 to 46.0 feet:  SILTY SAND (SM); grayish-brown; 70
to 80 percent fine to medium sand; 20 to 30 percent
medium plasticity fines; wet.
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REMARKS

46.0 to 47.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; <5 percent organics (root hairs, saw
dust-like particles).

47.0 to 55.0 feet:  SILTY SAND (SM); grayish-brown; 70
to 80 percent fine to medium sand; 20 to 30 percent
medium plasticity fines; wet.

55.0 to 63.0 feet:  SILT (ML); grayish-brown; 85 to
90 percent medium to high plasticity fines; 10 to
15 percent fine sand; trace organics (root hairs); wet.
Intermittent sand lenses; fine to medium sand.

GS-08-S(50-53)3

6
(48-63)

GS-08-W(48-52)1

GS-58-W(48-52)1

GS-08-S(40-43)3
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REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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55.0 to 63.0 feet:  SILT (ML), continued.

GASCO.gds:5.04/11/07.GASCO2...000029-02
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HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED
MUDLINE ELEVATION

63.0 to 76.0 feet:  SILTY SAND (SM); grayish-brown; 80
to 85 percent fine to medium sand (mostly fine); 15 to
20 percent low to medium plasticity fines; trace organics
with white specks.

@ 64.0 to 64.5 feet:  silt lens.

76.0 to 84.5 feet:  SILTY SAND (SM); grayish-brown; 50
to 80 percent sand; 20 to 50 percent medium to high
plasticity fines; trace organics (root hairs).  Sand-filled
fissures.  Layered sand and silt.

13
(73-88)

GS-08-S(63-65)3

GS-08-S(69-70)3

GS-08-W(73-77)1
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GS-08-S(82-84)3

GS-08-S(90-92)3

GS-08-S(95-98)2

GS-08-W(98-102)1

LOG OF EXPLORATORY BORING

76.0 to 84.5 feet:  SILTY SAND (SM), continued.

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

RECOVERY
IN FEET
(CORE

INTERVAL)

W
A

TE
R

SA
M

PL
E

SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

GASCO.gds:5.04/11/07.GASCO2...000029-02

LITHO-
LOGIC

COLUMN

84.5 to 86.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; <5 percent fine sand; trace
organics; (root hairs).

@ 85.0 feet:  sand lamination.
86.0 to 87.0 feet:  SILTY SAND (SM); grayish-brown; 50

to 80 percent sand; 20 to 50 percent medium to high
plasticity fines; trace organics (root hairs).  Sand-filled
fissures.  Layered sand and silt.

87.0 to 89.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; <5 percent fine sand; trace organics
(root hairs).

89.0 to 98.0 feet:  SILTY SAND (SM); grayish-brown; 50
to 80 percent sand; 20 to 50 percent medium to high
plasticity fines; trace organics (root hairs).  Sand-filled
fissures.  Layered sand and silt.

98.0 to 118.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; wet.
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98.0 to 118.0 feet:  SAND (SP), continued.

148.0'

RECOVERY
IN FEET
(CORE

INTERVAL)

10/27/06

PAGE

GS-08-CW(100)1

118.0 to 123.0 feet:  SAND (SP); grayish-brown;
10 percent silt interbeds and nodules; medium to high
plasticity.

8
(98-113)

10
(113-123)

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
REMARKS
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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118.0 to 123.0 feet:  SAND (SP), continued.

MUDLINE ELEVATION

RECOVERY
IN FEET
(CORE

INTERVAL)

4-inch
148.0'

10.2 feet*

123.0 to 148.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines.
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REMARKS

7 of 8
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LOG OF EXPLORATORY BORING
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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8 of 8

123.0 to 148.0 feet:  SAND (SP), continued.

148.0'

RECOVERY
IN FEET
(CORE

INTERVAL)

@ 141.0 to 145.0 feet:  increase in fines to 10 to
15 percent.

@ 142.0 to 142.5 feet:  6-inch silt lens.

@ 144.0 feet:  thin (1 mm) organic (wood chip) layer.

@ 145.0 to 147.0 feet:  color change to brown.

@ 147.0 to 148.0 feet:  increase in fines to 10 to
15 percent.

Bottom of boring = 148.0 feet.
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11
(9-23)

0 to 12.5 feet:  SAND (SP); brownish-gray; 85 to
90 percent fine to medium sand; 10 to 15 percent low
plasticity fines.  Hydrocarbon-like odor.  Sheen.  Oil
droplets.

@ 3.0 feet:  silt lens; trace coarse gravel; trace wood
fragments.

@ 8.0 feet:  silt lens; trace coarse gravel, trace wood
fragments.

12.5 to 31.0 feet:  SILTY SAND (SM); grayish-brown; fine
to medium (mostly fine) sand; low to medium plasticity
fines; trace organics (roots, leaves); trace white specks
(degraded shell?).

@ 19.0 feet:  trace organic layering.

GS-09-W(4-6)1

GS-09-S(4-6)2

GS-09-S(4-6)3

GS-09-W(9-11)1

GS-09-S(9-11)2
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5.1 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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4-inch
187.0'

9.5
(33-43)

12.5 to 31.0 feet:  SILTY SAND (SM), continued.

31.0 to 47.5 feet:  SANDY SILT (ML); grayish-brown;
60 percent medium plasticity fines; 40 percent fine sand;
trace organics.

MUDLINE ELEVATION
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5.1 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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11
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31.0 to 47.5 feet:  SANDY SILT (ML), continued.

47.5 to 64.0 feet:  SILTY SAND (SM); grayish-brown;
70 percent fine to medium (mostly fine) sand; 30 percent
low to medium plasticity fines.

MUDLINE ELEVATION

GS-09-W(48-52)1

GS-09-S(48-52)2

LITHO-
LOGIC

COLUMNC
O

R
E

IN
TE

R
VA

L

10/13/06

LOCATION

TOTAL DEPTHDRILL METHOD

GascoPROJECT NAME
Portland, Oregon
Prosonic
Sonic
John Renda

LITHOLOGIC
DESCRIPTION

LOGGED BY

DRILLED BY

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

GS-09BORING NO.

D
EP

TH
IN

 F
EE

T

45

50

55

60

SAMPLE
NUMBER



DATE COMPLETED

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

GS-09-S(65-66)3

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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47.5 to 64.0 feet:  SILTY SAND (SM), continued.
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REMARKS

64.0 to 65.0 feet:  SANDY SILT (ML); grayish-brown; 85
to 90 percent medium to high plasticity fines; 10 to
15 percent fine sand; trace root hairs; firm; moist to wet.
Hydrocarbon-like odor.

65.0 to 66.5 feet:  SILTY SAND (SM); grayish brown;
medium to high plasticity fines.  Sand-filled fissures.

66.5 to 70.5 feet:  SAND WITH SILT (SM); 85 to
90 percent sand; 10 to 15 percent low to medium
plasticity fines; firm; moist to wet.  Hydrocarbon-like
odor.

@ 69.0 to 70.0 feet:  fine gravel-sized pumice.

70.5 to 93.0 feet:  SILTY SAND (SM); grayish brown;
medium to high plasticity fines.  Sand-filled fissures.
Hydrocarbon-like odor.
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70.5 to 93.0 feet:  SILTY SAND (SM), continued.
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

10
(83-93)

93.0 to 95.5 feet:  SAND WITH SILT (SP-SM);
grayish-brown; 90 to 95 percent fine to medium sand; 5
to 10 percent low plasticity fines.

95.5 to 98.0 feet:  SILTY SAND (SM); grayish-brown;
medium to high plasticity fines.  Sand-filled fissures.
Firming with depth.  Hydrocarbon-like odor.

@ 97.5 feet:  approximately 2-inch in diameter very dense
clay/silt nodule with trace organics (grass) noted inside
when broken.

98.0 to 108.0 feet:  SAND WITH SILT (SM); 90 to
95 percent fine to medium sand; 5 to 10  percent low

GS-09-W(98-102)1

GS-09-S(98-102)2
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5.1 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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187.0'

plasticity fines.  Faint hydrocarbon-like odor.
98.0 to 108.0 feet:  SAND WITH SILT (SM), continued.

@ 107.5 feet:  silt nodules 1- to 2-inches in diameter,  one
nodule 2-inches thick x 3-inches in diameter.

108.0 to 133.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines.  No odor.

9.5
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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108.0 to 133.0 feet:  SAND (SP), continued.

133.0 to 143.0 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines.  No
odor.

@ 140.0 feet:  two silt lenses 1/2-centimeter wide each.

8.0
(123-133)

7 of 10
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GS-09-S(123-127)2
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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133.0 to 143.0 feet:  SAND (SP), continued.

143.0 to 169.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines.  No odor.

@ 158.0 to 169.0 feet:  slight increase in fines to 5 percent.
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REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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143.0 to 169.0 feet:  SAND (SP), continued.

@ 166.0 to 169.0 feet:  wood chunks; trace fine to medium,
subrounded to well rounded gravel; silt cobble.

169.0 to 180.0 feet:  GRAVEL (GP); 80 to 90 percent fine
to coarse subangular to well rounded gravel with
cobbles; 5 to 10 percent sand; 5 to 10 percent fines.
Mostly basalt gravel.  Trace quartzite gravel.  Increase
in fines with depth; possible ground rock/gravel from
drilling.

LOG OF EXPLORATORY BORING
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180.0 to 187.0 feet:  BEDROCK BASALT

@ 181.0 to 183.0 feet:  pulverized to powder; dry; orange,
yellow and brown weathered surface.

@ 186.0 feet:  weathered basalt, weathered to clay-like
matrix; dry.

Bottom of boring = 187.0 feet.

10
(177-187)

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

GS-09
Portland, Oregon

10/13/06

PROJECT NAME
LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

SAMPLE
NUMBER

C
O

R
E

IN
TE

R
VA

L

Prosonic
Sonic
John Renda

LITHOLOGIC
DESCRIPTION

Gasco

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

D
EP

TH
IN

 F
EE

T

185

190

195

200



LOG OF EXPLORATORY BORING

GASCO.gds:5.04/11/07.GASCO2...000029-02

GS-10-W(4-6)1

GS-10-S(4-6)2

GS-10-W(9-11)1

GS-10-S(9-11)2

GS-10-S(9-11)3

RECOVERY
IN FEET
(CORE

INTERVAL)

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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0 to 3.0 feet:  SAND (SP); grayish-brown; fine to coarse
sand; <5 percent fine to coarse cobbles; trace fines; wet.

3.0 to 5.0 feet:  SILT (ML); grayish-brown with brown and
black mottles; trace root hairs; wet.  Oily.  Strong
hydrocarbon-like odor.

5.0 to 7.0 feet:  SAND (SP); grayish-brown; fine to coarse
sand; trace fines; wet.  Oily.  Hydrocarbon-like odor.

7.0 to 9.0 feet:  SANDY SILT (ML); 70 to 80 percent
medium plasticity fines; 20 to 30 percent fine to medium
sand; trace wood fragments and root hairs.
Hydrocarbon-like odor.

@ 9.0 feet:  2-inch-thick tar lens.
9.0 to 11.0 feet:  SILT (ML); grayish-brown; medium to

high plasticity fines; trace fine organics; wet.  Black, oily
laminations.  Hydrocarbon-like odor.

11.0 to 27.0 feet:  SILT (ML); grayish-brown; 80 to
85 percent medium to high plasticity fines; 15 to
20 percent fine sand; trace fine organics (root hairs);
wet.  Hydrocarbon-like odor to 23 feet.

5
(0-5)

17
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@ 12.0 feet:  sheen stops.

Portland, Oregon
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

11.0 to 27.0 feet:  SILT (ML), continued.

27.0 to 32.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace low plasticity fines; wet.  No odor.

32.0 to 33.0 feet:  SILT (ML); grayish brown; medium
plasticity fines.

33.0 to 44.0 feet:  SILTY SAND (SM); grayish-brown; fine
sand; 20 to 30 percent medium to high plasticity fines;
trace organics (root hairs and fine wood chips); wet.

GS-10-S(39-41)3
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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33.0 to 44.0 feet:  SILTY SAND (SM), continued.

44.0 to 56.0 feet:  SAND (SP); grayish-brown; fine sand;
trace fines; wet.

56.0 to 60.0 feet:  SILT (ML); grayish-brown; 90 to
95 percent medium to high plasticity fines; 5 to
10 percent fine sand; trace fine organics; wet.
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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60.0 to 63.0 feet:  SILTY SAND (SM); grayish-brown; 80
to 90 percent fine to medium sand; 10 to 20 percent
medium plasticity fines; wet.

63.0 to 66.0 feet:  SILT (ML); grayish-brown; medium
plasticity fines; trace to <10 percent fine to medium
sand; wet.

66.0 to 70.0 feet:  SAND (SP); grayish-brown; fine sand;
trace fines; wet.

70.0 to 71.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; wet.

71.0 to 76.0 feet:  SAND (SP); grayish-brown; fine sand;
trace fines; firm; wet.

76.0 to 76.5 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; trace fine sand; wet.

76.5 to 82.0 feet:  SILT WITH SAND (ML); grayish-brown;
medium to high plasticity fines with fine to medium sand
lenses in fissures; 20 to 30 percent fine to medium sand;
wet.
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LITHOLOGIC
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GS-10-S(90-93)3

GS-10-S(95-98)2

GS-10-W(98-102)1

LITHO-
LOGIC

COLUMN
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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LOG OF EXPLORATORY BORING

76.5 to 82.0 feet:  SILT WITH SAND (ML), continued.

82.0 to 85.0 feet:  SILT (ML); grayish-brown; 85 to
90 percent medium to high plasticity fines; 10 to
15 percent fine to medium sand laminations and
fissures; wet.

85.0 to 87.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; 10 to 15 percent fine to medium
sand lamination and fissures; 10 to 15 percent organics
(root hairs, reeds, leaves, wood fibers); wet.

87.0 to 90.0 feet:  SILT WITH SAND (ML); grayish-brown;
medium to high plasticity fines with fine to medium sand
lenses in fissures; 20 to 30 percent fine to medium sand;
trace organics; wet.

90.0 to 98.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines.

@ 90.0, 91.0 and 92.0 feet:  1- to 2-inch sand laminations.

@ 93.0 to 94.0 feet, 95.0 to 96.0 feet and 96.0 to 98.0 feet:
sand fissures.

98.0 to 119.0 feet:  SAND (SP); brownish-gray; fine to
medium sand; trace fines; wet.

GS-10-S(80-83)3
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TOTAL DEPTH
LOGGED BY

LITHOLOGIC
DESCRIPTION

John Renda
Sonic

PROJECT NAME

Prosonic
Portland, OregonLOCATION
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DATE COMPLETED
MUDLINE ELEVATION
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HOLE DIAMETER

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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148.0'

RECOVERY
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INTERVAL)
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98.0 to 119.0 feet:  SAND (SP), continued.

@ 104.0 feet:  0.1-foot silt lens.

119.0 to 120.0 feet:  SILT (ML); grayish-brown; 80 to
85 percent medium to high plasticity fines; 15 to

REMARKS

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

2.5 feet*

16
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LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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20 percent sand laminations and fissures.
@ 120.0 feet:  0.2-foot silt lens.
120.0 to 122.0 feet:  SAND (SP); grayish-brown; fine to

medium sand; trace fines; wet.

122.0 to 123.0 feet:  SILT (ML); grayish-brown; 80 to
85 percent medium to high plasticity fines; 15 to
20 percent sand laminations and fissures.

123.0 to 129.0 feet:  SILT WITH SAND (ML);
grayish-brown; 60 to 70 percent medium to high
plasticity fines; 30 to 40 percent fine to medium sand;
trace organics (wood fibers); wet.  Silt nodules and
lenses with sand fissures.

129.0 to 148.0 feet:  SAND (SP); brownish-gray; fine to
medium sand; trace fines; wet.

@ 132.0 feet:  0.1-foot-thick silt nodule/lens.

21
(123-148)

GS-10-W(123-127)1

DATE COMPLETED

Gasco
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TOTAL DEPTH

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

MUDLINE ELEVATION

8 of 8
4-inch
148.0'
1/3/07

RECOVERY
IN FEET
(CORE

INTERVAL)

HOLE DIAMETER

129.0 to 148.0 feet:  SAND (SP), continued.

@ 141.0 feet:  0.1-foot-thick silt nodule/lens.

@ 146.0 feet:  sticks/wood debris 0.1-foot thick.

Bottom of boring = 148.0 feet.
Water sample from 148.0 to 152.0 feet.

BORING NO.

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

GS-10-W(148-152)1

Portland, Oregon
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NUMBER
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0 to 8.0 feet:  SILTY SAND (SM); grayish-brown; 80 to
85 percent fine to coarse sand; 15 to 20 percent low to
medium plasticity fines; <5 percent fine to coarse,
angular to subrounded gravel and cobbles.  Sheen.

8.0 to 23.0 feet:  SANDY SILT (ML); grayish-brown; 60 to
70 percent medium plasticity fines; 30 to 40 percent fine
to medium sand (mostly fine); trace fine subrounded
gravel; trace organics (leaves, root hairs, sticks).  No
sheen.  No odor.

@ 17.0 to 18.0 feet:  sand lens; fine to medium sand; trace
coarse angular gravel.

@ 19.0 feet:  1-inch-diameter stick fragments 3-inches long.
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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17
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DATE COMPLETED
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LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

8 to 23.0 feet:  SANDY SILT (ML), continued.

23.0 to 24.0 feet:  SAND (SP); grayish-brown; 90 to
95 percent fine sand; 5 to 10 percent nonplastic fines;
wet.

24.0 to 30.0 feet:  SANDY SILT (ML); grayish-brown; 60
to 70 percent medium to high plasticity fines; 30 to
40 percent fine to medium sand; trace organics (leaves,
roots, wood fibers); wet.

@ 25.0 feet:  organic lens (leaves, reeds and wood fibers);
wet.

@ 25.5 feet:  sand lens 0.2-foot thick, fine to medium sand;
wet.

@ 28.0 to 29.0 feet:  sand lens, fine to medium sand; wet.

30.0 to 51.0 feet:  SAND (SP); grayish-brown; fine sand;
<10 percent nonplastic to low plasticity fines; trace
organics; loose; wet; soupy.

@ 37.5 to 38.0 feet:  silt lens; medium plasticity; soft.

GASCO.gds:5.04/11/07.GASCO2...000029-02
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REMARKS

GS-11-S(45-48)2

GS-11-W(48-52)1

GS-61-W(48-52)1

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

HOLE DIAMETER

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

30.0 to 51.0 feet:  SAND (SP), continued.
@ 40.0 to 44.0 feet:  increase in fines to 20 to 30 percent.
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@ 44.0 feet:  trace medium gravel.

51.0 to 52.0 feet:  SILTY SAND (SM); grayish-brown; 60
to 70 percent fine sand; 30 to 40 percent low to medium
plasticity fines; wet.

52.0 to 54.0 feet:  SILT (ML); medium to high plasticity
fines; trace fine sand; <5 percent organics.

54.0 to 56.0 feet:  SANDY SILT (ML); grayish brown; 60
to 70 percent medium plasticity fines with sand lenses
and fissures; 30 to 40 precent sand; <5 percent organics
(root hairs, leaves, reeds, wood fibers).

56.0 to 58.0 feet:  SAND (SP); grayish-brown; 80 to
90 percent fine sand; 10 to 20 percent medium plasticity
fines; trace organics; wet.

58.0 to 59.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; trace organics; wet.

59.0 to 61.0 feet:  SAND (SP); grayish-brown; fine sand;
trace fines; few silt lenses.
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175.0'

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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59.0 to 61.0 feet:  SAND (SP), continued.

DATE COMPLETED

RECOVERY
IN FEET
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INTERVAL)
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61.0 to 67.0 feet:  SANDY SILT (ML); grayish-brown; 60
to 70 percent medium to high plasticity fines; 30 to to
40 percent fine sand; trace organics.  Sand laminations
and fissures.

67.0 to 73.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity fines; trace organics.  Sand laminations
and fissures.

@ 73.0 feet:  fine to medium-sized gravel, silt nodules,
hard.

73.0 to 89.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace to 5 percent fines; trace fine to
medium rounded gravel; loose to medium density; wet.
Silt nodules (most firm, some dry and hard) up to
3 inches; silt lenses up to 4 inches; silt fissures.

LOG OF EXPLORATORY BORING

19.5
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GASCO.gds:5.04/11/07.GASCO2...000029-02

4.5 feet*

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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73.0 to 89.0 feet:  SAND (SP), continued.

5 of 9

RECOVERY
IN FEET
(CORE

INTERVAL)

175.0'

89.0 to 98.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; fine to medium sand; and SILT (SM);
low to medium plasticity; trace to 10 percent fine sand.
Interbedded 60:40 - SAND:SILT.  Beds ½-inch to
6-inches.

98.0 to 123.0 feet:  SAND WITH SILT (SP);
grayish-brown; 85 to 95 percent fine to medium sand; 5
to 15 percent fines; trace coarse sand; medium density;
wet.  Decrease in fines with depth.  Silt nodules and

4-inch

GS-11-S(95-98)2

GS-11-W(98-102)1

LITHO-
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1/9/07
MUDLINE ELEVATION
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

MUDLINE ELEVATION

6 of 9
4-inch
175.0'

4.5 feet*

lenses (mostly firm) up to 3-inches.
@ 98.0 to 102.5 feet:  abundant silt nodules.

BORING NO.

HOLE DIAMETER

@ 102.5 to 123.0 feet:  trace silt nodules.

@ 108.5 to 110.5 feet:  trace twigs and wood chunks
(<1 inch).
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REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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98.0 to 123.0 feet:  SAND WITH SILT (SP), continued.
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123.0 to 133.5 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines;
medium density; wet.  Trace coarse sand.  Silt nodules
and lenses ¼  to 3 inches.

133.5 to 135.0 feet:  SILT (ML); grayish-brown; medium
plasticity fines; trace fine sand; firm; moist to damp.
Sand lenses up to 1 inch.

135.0 to 140.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; 5 percent fines; medium density; wet.
Trace coarse sand.  Silt lenses and nodules up to
4 inches.

20.5
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GS-11-W(123-127)1

HOLE DIAMETER
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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140.0 to 144.0 feet:  SILT (ML); grayish-brown; medium to
high plasticity; firm to stiff; damp to moist.  Sand fissures
and lenses up to 1.5 inch.

HOLE DIAMETER

RECOVERY
IN FEET
(CORE

INTERVAL)

DATE COMPLETED
MUDLINE ELEVATION
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144.0 to 148.0 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines; trace
coarse sand; medium density; wet.  Silt lenses and
nodules up to 3 inches.

148.0 to 150.0 feet:  SAND (SP); grayish-brown;
95 percent fine to coarse sand; 5 percent fines; trace
fine to medium, subangular to subrounded gravel; loose
to medium density; wet.

150.0 to 173.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; fine to coarse sand; loose to medium
density; wet; AND SILT (ML); grayish-brown; medium
plasticity fines; firm to stiff; wet.  Silt nodules.  Trace fine
to medium, subangular to subrounded gravel (some
quartzite gravel).

@ 154.5 feet:  one piece of medium, sub-rounded quartzite
gravel.

21
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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150.0 to 173.0 feet:  INTERBEDDED SAND (SP) AND
SILT (ML), continued.

@ 160.0 to 163.0 feet:  SAND (SP) with frequent silt
nodules.
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TOTAL DEPTH
DATE COMPLETED
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@ 161.5 feet:  one piece of medium, sub-rounded quartzite
gravel.

@ 163.0 to 165.0 feet:  SAND (SP) with silt nodules - small
and infrequent.

@ 173.0 feet:  one cobble of basalt (approximately 4 inches
in diameter).

173.0 to 174.0 feet:  SILTY GRAVEL WITH SAND (GP);
brownish-gray; 60 percent fine to coarse, angular to
rounded gravel; 25 to 30 percent medium plasticity
fines; 10 to 15 percent fine to coarse sand; firm; damp to
moist.  Several cobbles up to 4 inches.

174.0 to 175.0 feet:  BASALT
Bottom of boring = 175.0 feet.

4
(173-175)

GS-11-S(170-173)2

GS-11-W(173-177)1

HOLE DIAMETER

LITHOLOGIC
DESCRIPTION

Gasco

4-inch

GASCO.gds:5.04/11/07.GASCO2...000029-02

LOCATION

Kelly Titkemeier/John Renda
Sonic

DRILLED BY
DRILL METHOD

Prosonic
Portland, Oregon

LOGGED BY

C
O

R
E

IN
TE

R
VA

L

PROJECT NAME

175.0'

4.5 feet*
1/9/07

BORING NO. GS-11

SAMPLE
NUMBER
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EP
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EE

T
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MUDLINE ELEVATION

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS

GS-12-W(9-11)1

GS-12-S(9-11)2

GS-62-S(9-11)2
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@ 0 feet:  fine to coarse, subangular to subrounded gravel
with sand.

0 to 3.0 feet:  SILT (ML); grayish-brown; low plasticity
fines; soft; wet.

RECOVERY
IN FEET
(CORE

INTERVAL)

GASCO.gds:5.04/11/07.GASCO2...000029-02

PAGE
HOLE DIAMETER
TOTAL DEPTH
DATE COMPLETED

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

3.0 to 14.5 feet:  SANDY SILT (ML); grayish-brown;
70 percent medium plasticity fines; 30 percent fine to
medium sand; soft to firm; wet.  Sand lenses.  Silt
lenses.

14.5 to 19.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; loose to medium
density; wet.

19.0 to 22.0 feet:  SILT (ML); grayish-brown; 90 to
95 percent medium plasticity fines; 5 to 10 percent very

10
(7-23)

GS-12-W(4-6)1

GS-12-S(4-6)2

6
(0-7)

Gasco
1 of 8
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PROJECT NAME
LOCATION
DRILLED BY

LOGGED BY

C
O

R
E

IN
TE

R
VA

L

Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

DRILL METHOD
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A

L
SA

M
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ESAMPLE
NUMBER

BORING NO.

1/11/07
5.2 feet*

D
EP

TH
IN

 F
EE

T

148.0'
4-inch

5

10

15

20

GS-12



REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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148.0'

GASCO.gds:5.04/11/07.GASCO2...000029-02
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fine to fine sand; soft to firm; wet.  Sand lenses up to
4-inches thick.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION
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4-inch
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22.0 to 23.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines and coarse sand; loose to
medium density; wet.

23.0 to 41.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; fine to medium sand; loose to medium
density; wet,  SANDY SILT (ML); grayish-brown;
60 percent medium plasticity fines; 40 percent fine to
medium sand; soft to firm; wet, AND SILT (ML);
grayish-brown; medium plasticity fines; soft to firm; wet.
Trace fine twigs.

0
(23-36)

LOG OF EXPLORATORY BORING

LITHO-
LOGIC

COLUMN

GS-12-S(20-23)1

GS-12-W(23-27)1

GS-62-W(23-27)1

DATE COMPLETED
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E
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L

5.2 feet*

PROJECT NAME

HOLE DIAMETERDRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

LOGGED BY

BORING NO.
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L
SA

M
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E

LOCATION

SAMPLE
NUMBER

1/11/07

D
EP

TH
IN

 F
EE

T

25

30

35

40

GS-12



REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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148.0'

GASCO.gds:5.04/11/07.GASCO2...000029-02
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23.0 to 41.0 feet:  INTERBEDDED SAND (SP), SANDY
SILT (ML) AND SILT (ML), continued.

DATE COMPLETED

RECOVERY
IN FEET
(CORE

INTERVAL)
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41.0 to 48.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace to 5 percent fines (decreasing fines
with depth); medium density; wet.

48.0 to 73.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; loose to medium
density; wet.  Frequent silt lenses 1 to 8 inches;
grayish-brown; medium plasticity fines; firm to stiff;
damp.

12
(36-48)

22.5
(48-73)

LOG OF EXPLORATORY BORING

LITHO-
LOGIC

COLUMN

GS-12-S(45-48)2

GS-12-W(48-52)1

MUDLINE ELEVATION
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L

5.2 feet*

TOTAL DEPTH

LOCATION
DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
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LOGGED BY

BORING NO.
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PROJECT NAME

SAMPLE
NUMBER

1/11/07

D
EP

TH
IN

 F
EE

T

45

50

55

60

GS-12
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GASCO.gds:5.04/11/07.GASCO2...000029-02

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

HOLE DIAMETER

REMARKS

DATE COMPLETED
MUDLINE ELEVATION

4 of 8
4-inch

48.0 to 73.0 feet:  SAND (SP), continued.

5.2 feet*

RECOVERY
IN FEET
(CORE

INTERVAL)

PAGE

73.0 to 90.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; medium density; wet.
Silt nodules.  Silt lenses 1/2- to 6-inches thick.

17
(73-98)

GS-12-W(73-77)1

GS-62-W(73-77)1

1/11/07

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

Portland, Oregon
GS-12

148.0'

LOCATION
DRILLED BY
DRILL METHOD
LOGGED BY

C
O
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E
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R
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L

Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
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PROJECT NAME

SAMPLE
NUMBER

D
EP
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IN

 F
EE

T

65

70

75

80



LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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GASCO.gds:5.04/11/07.GASCO2...000029-02
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73.0 to 90.5 feet:  SAND (SP), continued.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION
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90.5 to 94.5 feet:  SANDY SILT (ML); grayish-brown;
60 percent medium plasticity fines; 40 percent fine to
medium sand; firm to stiff; wet.

@ 93.5 to 94.5 feet:  two sand lenses 1- to 2-inches thick.

94.5 to 98.0 feet:  SAND (SP); grayish-brown; fine to
medium sand; <5 percent fines; medium density; wet.

98.0 to 123.0 feet:  INTERBEDDED SAND (SP);
grayish-brown; fine to medium sand; medium density
to dense; wet; AND SILT (ML); grayish-brown; medium
plasticity fines; firm to stiff; moist.  Beds ½-inch to

GS-12-S(95-98)2

GS-62-S(95-98)2

GS-12-W(98-102)1

DATE COMPLETED

C
O

R
E

IN
TE

R
VA

L

148.0'
HOLE DIAMETER

LOCATION
DRILLED BY
DRILL METHOD

Gasco
Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

LITHOLOGIC
DESCRIPTION

LOGGED BY

PROJECT NAME

SAMPLE
NUMBER

GS-12

G
EO

TE
C

H
N

IC
A

L
SA

M
PL

E

BORING NO.

1/11/07
5.2 feet*

D
EP

TH
IN

 F
EE

T

85

90

95

100



DRILL METHOD

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.

W
A

TE
R

SA
M

PL
E

SO
IL

C
H

EM
IS

TR
Y

SA
M

PL
E

LOGGED BY
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Gasco
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Portland, Oregon
Prosonic
Sonic
Kelly Titkemeier

HOLE DIAMETER

RECOVERY
IN FEET
(CORE

INTERVAL)

1.5-feet thick.  Interbedded 70:30 - SAND:SILT.

23.5
(98-123)

LITHOLOGIC
DESCRIPTION

GASCO.gds:5.04/11/07.GASCO2...000029-02

D
EP
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IN
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T

105

110

115

120

PROJECT NAME
LOCATION
DRILLED BY

DATE COMPLETED
MUDLINE ELEVATION
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4-inch
148.0'

5.2 feet*
1/11/07

BORING NO.
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TOTAL DEPTH
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4-inch
148.0'

98.0 to 123.0 feet:  INTERBEDDED SAND (SP),
continued.

123.0 to 132.5 feet:  SILT (ML); grayish-brown; low to
medium plasticity fines; stiff; damp to moist.  Sand
lenses up to 3-inches thick.

@ 130.0 to 131.0 feet:  trace organics (evergreen-like
needles or roots?).

132.5 to 138.5 feet:  SAND (SP); grayish-brown; fine to
medium sand; trace fines; medium density to dense;
wet.  Silt lenses up to 6 inches.

138.5 to 141.5 feet:  INTERBEDDED SAND (SP) AND
SILT (ML):  Interbedded 50:50 - SAND:SILT.  Beds 1-
to 5-inches thick.

MUDLINE ELEVATION
DATE COMPLETED

24
(123-148)

RECOVERY
IN FEET
(CORE

INTERVAL)

LITHO-
LOGIC

COLUMN

LOG OF EXPLORATORY BORING

REMARKS
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*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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PROJECT NAME
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DRILL METHOD
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Portland, Oregon
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BORING NO. GS-12

SAMPLE
NUMBER
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GS-12-W(123-127)1
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REMARKS
*City of Portland Datum.  1Water Sample.  2Soil Chemistry Sample.  3Geotechnical Sample.
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138.5 to 141.5 feet:  INTERBEDDED SAND (SP) AND
SILT (ML), continued.

TOTAL DEPTH

RECOVERY
IN FEET
(CORE

INTERVAL)

MUDLINE ELEVATION
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141.5 to 142.5 feet:  SILT (ML); grayish-brown; low to
medium plasticity fines; stiff; damp to moist.

142.5 to 145.5 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines;
medium density to dense; wet.  Silt lenses up to
2 inches.

145.5 to 147.0 feet:  SILT (ML); grayish-brown; low to
medium plasticity; stiff; damp to moist.

147.0 to 148.0 feet:  SAND (SP); grayish-brown;
95 percent fine to medium sand; 5 percent fines; trace
coarse sand; medium dense to dense; wet.

Bottom of boring = 148.0 feet.
GS-12-W(148-152)1

DATE COMPLETED

LITHOLOGIC
DESCRIPTION

148.0'
HOLE DIAMETER

PROJECT NAME

C
O

R
E

IN
TE

R
VA

L

LOCATION
DRILLED BY

Kelly Titkemeier
SonicDRILL METHOD
Prosonic
Portland, Oregon

LOGGED BY

Gasco

5.2 feet*
1/11/07

BORING NO. GS-12

SAMPLE
NUMBER
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APPENDIX E 

FIELD WATER QUALITY MEASUREMENTS 
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APPENDIX F 

FIELD PHOTOS 



Photo 1—barge, forklift, and sonic drill rig (used during October 2006) near barge 
loading access point at the site 

Photo 2—compact sonic drill rig used at location GS-00 and GS-08 



Photo 3—all-terrain sonic drill rig used during December 2006 and January 2007  

Photo 4—typical near-shore drilling setup 



Photo 5—typical setup of core processing areas on barge 

Photo 6—setup for containment of water and soil generated during drilling operations 



Photo 7—typical shallow groundwater sample collection (peristaltic pump) 

Photo 8—typical deep zone groundwater sample collection (inertial pump)



Photo 9—soil sample collection and logging of lithology 

Photo 10—drilling operations 



Photo 11—sonic drill rig setup on shore at location GS-05 

Photo 12—drilling setup at location GS-04 



Photo 13—drilling setup at location GS-06 

Photo 14—spud-divot location markers at location GS-06 



Photo 15—repair spud-divots in pilot sediment cap at location GS-06 

Photo 16—core of bedrock and cobble recovered at location GS-00 



Photo 17—sonic core sampler and coring bit 

Photo 18—wooden core boxes for archive storage of continuous sonic cores 
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APPENDIX G 

DATA VALIDATION REPORTS (POCKET DVD) 
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APPENDIX H

LAB REPORTS (POCKET DVD) 
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LWG MAPS 
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CROSS SECTION B-B’ GROUNDWATER CHEMISTRY 












