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ACRONYMS AND ABBREVIATIONS

Arkema Arkema, Inc.
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COI constituent of interest

DEQ Oregon Department of Environmental Quality
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HASP Health and Safety Plan

JSCS Joint Source Control Strategy

Plant Site Arkema, Inc., Portland, Oregon, Facility
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QA/QC Quality Assurance/Quality€Controle
SCR stormwater characterization report
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1. INTRODUCTION

This work plan has been prepared to identify the approach designed to address constituentsaf
interest (COlIs) detected in stormwaterat the Arkema, Inc.¢ Arkema), Portland,®regondacility
(Plant Site). Further, this plan presents the results of the screening of data from the Stormwatere
Characterization Report (Appendix A) which identified the COls. The approach discussed herein,
will be carried out in a phasedapproach beginning with an initial (post demolition)analysisef theo
identified COI's. Following this baseline analysiseffort, existing Best Managementeractices (BMPs)
will be enhanced and COlIsewill be subsequently re-evaluated. The results of this initial evaluation
will be used to determine if a more rigorous Stormwater Focused Feasibility Study (SWFES) is
warranted or if the enhancedd3MPs are adequate.

This plan details the proposed stormwatereand catch basin sedimentesampling activities as well aseane
optional particle size analysis.o Also, Best Management Practices (BMPs) are identified that will be
implemented/enhanced at the Plant Site to reducedCOIs concentrations in stormwater during the
initial evaluation effort. In addition, this plan outlines surface soil sampling that will be conductede
to evaluate potential stormwaterdreatment alternatives.o

This plan outlines the proposed SWFFS should it become necessary. It alsogrovides a detailed
description of sample collection and handling procedures, analytical methods, and quality
assurance/qualityeontrol protocols.eHealth and safety provisions will be presented in a separateo
Health and Safety Plan (HASP) asanaaddendum to this work plan.

1.1 BACKGROUND

The Plant Siteowas issuedaenew Nationald@ollutantdischarge&limination System stormwatere
discharge permit by the Oregon Department®f Environmental Quality (DEQ) on January 22, 2004.e
The permit was issued forehe discharge of stormwater runoff from the Plant Site. Stormwatere
runoff has theability to erode any exposed dirt or soil, thus entraining particulates¢suspended
solids) within the stormwater flows. If theseeparticulateserontain COls, thedCOls will become
entrained withindhe stormwaterdlow. Furthermore, cracked or structurallyalefectivestorm sewer
pipes, if present,aould act as a pointefentry and conduit for subsurface COls to the sewer
discharge point. Thus, as a condition of the permit,@Arkema was requiredd¢o conductastormwatere
characterization for legacy and 303(d)aonstituents for ael-yearegeriod. On May 18,&2005,eArkema
submitted a stormwater characterization report (SCR) to DEQ in complianceevithdts permit
(Arkema 2005).0

Analytical resultsdrom the SCR were screened againstecreeningdevel values¢SLVs) set forth by
DEQ and the U.S. Environmental ProtectioneAgency (EPA) in the Portland Harbor Joint&ource
Control Strategydocument¢JSCS, DEQ and USEPA 2005). The results of this screening are
provided in Appendix A. Based on this&creening, COlIs thatdhavedeen detected in stormwateret
the Plant&ite include:

Integral Consulting, ¥nc.~ 1
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e Perchlorate;

e Manganese;o

e Hexavalent Chromium;
o 44'-DDE;

e 4,4-DDD, ande

e 4,4-DDT.

1.2 WORK PLAN FRAMEWORK

This Work Plan proposes the following phased approach to address COls in stormwaterat the Plante
Site:

1. Stormwater sampling of Outfalls 001,802,803,eand 004dén May 2006 (Figure 1). Stormwater
samples will be analyzed for both total and dissolvedephase stormwaterdCOls and total
suspended solids (TSS), and stormwaterdlow rate will be estimated. This sampling would
help assessewhether demolition activities were a major source of COI massd¢o stormwatere
and establish post-demolition COI concentrations in stormwater.e

2. Inspection of all catch basins and limited sampling ofaratchdasin sedimentsaaptured by the
currentlydnstalled filter socks (20 percent of all catch basins within each drainage basin will
be sampled, locations are indicated in Figure 1). Catch basin sampling will focus on those
catch basins that are proposed to be retained in a sewer abandonmentend reconstruction
scenario! and those areasdhat are suspectedsources of COIs to stormwater.oThis sampling
will help assess whether COls are attributable¢o surface or non-surface sources and where
surface contamination may be enteringdhe stormeewer system.o

3. Enhancements®f currentlydnstalled BMPs will include, butenay not be limited to, replacing
filter socks and biofilter bags that arearurrently in place.

4. After BMP enhancementsare implemented, two additional monthly rounds of stormwatere
sampling will be conducteden June and July 2006.&tormwater samples will be analyzed for
both total and dissolved phase stormwaterdCOls and TSS, and stormwaterdlow rate will also
be measured (via adlowameter). This sampling will help assesseffectiveness of the BMP
enhancements.oAlso, comparison®f the total and dissolved phase constituentsewill help
assessawhether«COls areewithin the solid phase or aqueousephase. Finally, comparisonaf
COI concentrations to measuredel'SS and flow rate will helpdurtherassesseources of COlIs in
stormwater.

5. Plant Site topographyewill be established. Topographyewill be established so that drainageeo
basins for each individualeratch basin can be identified. This information will also assistdn
the assessmentef IRM alternatives.o

! One potential alternative for addressing COls in stormwater at the Plant Site is the replacement of the majority of the
current, deep storm sewer system with a shallow storm sewer system.

Integral Consulting,¥nc. 2
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6. Optional particle size analysis of TSS. If it appears that enhancingdBMPs will not adequatelye
address COls in stormwater,a particle size analysisef TSS in stormwater may be conducted
on samples collected during the July 2006 samplingevent.oThiseanalysis will allow fore
proper sizing ofdreatmentsystemsd¢o address stormwaterdCOls. Conductingehis analysise
will also be dependent on the comparison of total and dissolved phase COI concentrations in
stormwater.?

7. Optional surface soil sampling may be conducted pending thearesults of the catch basin
sampling and asepart of addressing data gapsadentified in thearpland remedial investigation
(ERM 2005) to assist in developing the upland feasibilitystudy.

Once sampling is complete, and if enhancingeurrently installed BMPs is not effective at addressing
stormwater€"Ols,@ Stormwaterdiocused Feasibility Study (SWFFS) would be proposed¢o determineo
the most feasible alternative to implementet the Plant Site. Interimestormwater remedial measures

to be assessed would include:o

e Alternativesdoraabove groundsources of COls to stormwater:o
- Enhanced infiltration of stormwater to the extent practical.
- Surface treatment of stormwaterdo theextent practical.o
- Capping and/oréhydro-seeding of the Plant Site.

- A combination of the above three measures, including enhancedanfiltration to the
extent practical, surface treatment of as much of theaemaining stormwatereas
possible, and capping/hydro-seeding of any remaining areas.o

¢ Alternativesdordelow groundeources of COIs to stormwater:o
- Sewer abandonmenteand reconstruction.
- Sewer cleaning and lining.

e The SWFFS will includeeonsideration of end-of-pipe or in-pipedreatmentealternative as a
potential final site remedy for stormwater. Thus, interim remedial measuresewould be
evaluated on their ability to enhance®r hinder the implementation®f the final site remedy.

1.3 REPORTING

Upon completionaf threeeounds of stormwater sampling and catch basin sediment sampling, a
data summaryeeport will be provideddo DEQ. This report will includeean evaluation on the
effectiveness of the BMPsas well as a recommendation for optional sampling,éncludingeurfacesoil
sampling. If necessary, an additional data summary report summarizing the results of surface soil
sampling will be providedd¢o DEQ. Also, if necessary, a stormwater focused feasibilitystudy will be
provided to DEQ.

2 If COls are determined to be in the aqueous phase in stormwater, then a particle size analysis would not be conducted.

Integral Consulting,¥nc. 3
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2. STORMWATER SAMPLING

Three rounds@f stormwatergsamples will be collectedaat Outfalls 001,402, 8)03,eand€)04.eStormwater
samples will be analyzed for both total and dissolvedephase stormwaterdCOls and TSS, and
stormwater flow rate will also be estimated. The initial stormwater samplingeevent will be
conducted to help assessewhetheralemolition activitiesewereea major sourcef COI mass to
stormwater and establish post-demolition levels. The subsequentdwo stormwatergamplingevents
will be conductedefter enhancementef BMPs to help assesseffectiveness of the BMP enhancements.
Also, comparison@f the total and dissolved phase constituents will help assessewhetherdCOls areeo
within the solid phase or aqueousephase. Finally,&comparisonefdCOI concentrations to measurede
TSS and flow rate will helpdurtherassess sources of COIs in stormwater.

2.1 MONITORING LOCATIONS

Stormwatersamplesewill be collected at Outfalls 001,8)02,§03,eand€)04,showndn Figure 1. Outfalls
will be accessedaat the Parshalldlumesdocated hydraulicallyaipgradient of the ultimatealischargeef
each outfall. The outfalls will be sampled in accordance with the Outfall Water Sampling Standard
Operating Procedure (SOP-2, Appendix C). Additionalsamplesamay be collected fromaipstream
manholes if deemed necessary.o

2.2 SAMPLING FREQUENCY

An initial, post-demolition baseline sampling will be conductederior to enhancing Besto
Managementeractices. Approximately@ne to twoenonths after BMP enhancements,dwo sampling
events will be conducted.elt is anticipated that thednitial samplingewill be occur in late May 2006,
with subsequentesamplingeonducted in June 2006aandduly 2006.0

2.3 SAMPLE COLLECTION

Prior to collectingeeach sample, the sampling equipment (sampling pole,etc.) will be
decontaminateddy the procedures outlined in the Standard€®perating Procedure foréEquipmento
DecontaminationgSOP-9, Appendix C). Field activities will be documented in accordance with the
Standard Operating Procedure for the Site Logbook (SOP-8, Appendix C).e

Stormwatersamplesewill be collected in accordance with the Standard Operating Procedure for
Outfall Water Sampling (SOP-2, Appendix C). Sampling will, first, involve accessinge¢he outfall.
After accessing the outfall, the flow rate will be estimated in accordance with the Standard
Operating Procedure for Measurement of Flow Rate in Outfalls (SOP-3, Appendix C) by estimating

Integral Consulting, ¥nc.~ 4
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the amount of time requireddor the stormwater to fill a givenevolume (a drop structure at the inletofo
the Parshall&lumes locatedeat eacheutfall)>.

After measuring the flow rate, sampleaollectionewill involve@btainingeepresentativessamples of the
outfall water using a clean sample-collection bottleaand submersing the sample bottle in water,
mouth point upstream and below the water surface using a sampling pole (e.g. swing sampler).
Samples for dissolved constituent analysisewill involveaollectingg¢he sampledn a new,daboratory-
supplied unpreserved sample bottle, and thendransferring theewater to a hand pump filtration
apparatus for field filtration.oFiltered samples will be obtainedaising a disposabled).45-um cartridge
tilter. After filtration, the water will be transferred to the appropriatesampledottles.

Each sample collected in the field will be labeled in accordance with the Standard€perating
Procedure for&ampling Labeling (SOP-5, Appendix C).amplesowill be managedaccording to the
protocols describeddn SOP-6, Standarddperating Procedure for Shipping and Handling of Samples
(Appendix C), and SOP-7, Standard€perating Procedure fordample Custody (Appendix«C), as well
as the Quality Assurance Projectd’landQAPP; Appendix B).

2.4 ANALYTICAL PARAMETERS

Stormwatersamplesdrom each outfall will be collectedeand analyzed for total suspendedsolids
(TSS). Also, samples fromeeach outfall will be collectedeand analyzed for the following constituents:
e Perchlorate, only unfiltered (total)* samples will be collected.

e Manganese,doth unfiltered and filtered (total and dissolved) will be collected.o
e Hexavalent Chromium, only unfiltered (total)* will be collected.o

e 4,4-DDE, both unfiltered and filtered (total and dissolved) will be collected.o

e 4,4-DDD, both unfiltered and filtered (total and dissolved) will be collected.o

o 4,4'-DDT., both unfiltered and filtered (total and dissolved) will be collected.o

2.5 FIELD QUALITY CONTROL SAMPLES

As described in the QAPP (Appendix B), one setef Quality Assurance/Quality Control (QA/QC)
samples will be collected for each stormwatersamplingevent. This will consist of:

. One field duplicate,

® Because the Parshall Flumes were designed to measure much higher flowrates, these flumes have a water flow that is
less than ¥4 deep and in most cases does not even span the width of the flume under normal storm conditions. Thus,
these flumes cannot be used to measure flow.

* Only total samples will be collected for perchlorate and hexavalent chromium because they will only be found in the
aqueous phase of the stormwater flows due to their very high solubility in water.
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J One filtered equipmentdlankgDI waterainsed overalecontaminated sampling
equipment and pumped through a clean 0.45-um filter to a sampledottle with
preservative),o

. One unfiltered equipmentdlank (DI water rinsed over decontaminatedsampling

equipment and poured into a sampledottle with preservative), and
. One DI waterdlank (DI water poured directly intoa sampledottle with preservative).o

QA/QC samples will be prepared in accordance with the Standard Operating Procedure forfQualitye
Control Sample Preparation (SOP-10, Appendix C).

2.6 INVESTIGATION-DERIVED WASTE

All investigation-derived waste (e.g.a@lecontaminationewater,etc.) will be handled in accordance
with the Standard Operation Procedure for Investigation-DerivedédNaste Handling (SOP-11,
Appendix C).o

Integral Consulting,¥nc. 6
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3. CATCH BASIN SEDIMENT SAMPLING

After the initial outfall water samplingevent, all catch basins will be inspected as part of the catche
basin samplingeffort. In addition to inspection, samples of sediment willde collected from the filter
socks of approximately 20 percent of the catch basins at the Plant Site and analyzed for stormwater
COlIs. This sampling will aid in the assessmentef whether COls are attributabledo surface or non-
surface sources and wheresurface contamination may be enteringdhe stormseweraystem.o
Although filter socks weredn place during all demolitionectivities conducted at the Plant&ite, newe
filter socks were installed in most catch basins after the completion of demolition.

3.1 SAMPLING LOCATIONS

Sediment samplesewill be collected from 20 catch basins as shownen Figureel. Based on the
inspections of the catch basins the location of samplesemay be moved due to the lack of retained
sediment in a proposed sampling location. Additionally, if inspectionsdéndicate that both a filter
sock and an associated biofilterdags have retained an inordinate amount of particulates, a location
that wasenoteriginally proposed to be sampled may be sampled.eSample locations may also be
moved ifdtds determined, by inspection, that the proposed sample location drains a small area.

3.2 SAMPLE COLLECTION

Prior to sampling, all of the catch basins at the Plant Site will be inspected. Informationsuch as the
general condition of the catch basin and installed filter sock, the amountef sediment retained in theo
tilter sock, the ability for sediment to by-pass the filter sock, whether theeatch basin has an
associated biofilterdag, and the condition of the bag will be documented, along with all field
activities associated with sampling, in the site logbook accordingdo the Standardperatingo
Procedure fordhe Site Logbook (SOP-8, Appendix C).

Catch basin samples will be collected in accordance with the Standard Operating Procedure for
Catchdasindediment Sampling (SOP-1, Appendix C). The sampling will involveaollectinge
representativesamples of the sedimentdrom five locationsaisinge clean stainless spoon, scoope@re
trowel, combining the samplesdna stainless steel mixing bowl,end then filling the appropriate
sample containerdrom this composite. Each sampleaollecteddn the field will be labeled in
accordance with the Standard Operating Procedure for Sampled.abeling (SOP-5, Appendix C).o

Before collectingeach sample,sampling equipment (e.g. stainlesseteel&poon, scoop ordrowel,o
mixing bowl,etc.) will be decontaminateddy theeprocedures outlined in the Standard€perating
Procedure fordiquipmentdecontaminationdSOP-9, Appendix C).eSamplesewill be managede
according to the protocols described in SOP-6, Standard Operating Procedure for Shipping and
Handling of Samples (Appendix C), and SOP-7, Standard Operating Procedure for Sample€ ustody
(Appendix C), as well as the QAPP (Appendix B).
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3.3 ANALYTICAL PARAMETERS

Sediment samplesdrom the designatederatchépasins will be collectedeand analyzed for the followinge
constituents:
e Perchlorate

e Manganeseo

e Hexavalent Chromium

e 44-DDE
e 44'-DDD
e 44'-DDT.

3.4 FIELD QUALITY CONTROL SAMPLES
As described in the QAPP (Appendix B), one set@f)A/QCasamples will be collected foreatchdasin
sediment sampling event. This will consist of:

J One field duplicate,

J One filtered equipmentdlankgDI watereplaced in the stainlesssteel mixing bowl and
pumped through a clean 0.45-um filter to a sampledottle with preservative),

. One unfiltered equipmentdlank (DI water placed in the stainlessateelamixing bowle
and poured into a sampledottle with preservative), and

. One DI waterdlank (DI water poured directly intoa sampledottle with preservative).o

QA/QC samples will be prepared in accordance with the Standard Operating Procedure for Qualitye
Control Sample Preparation (SOP-10, Appendix C).

3.5 INVESTIGATION-DERIVED WASTE

All investigation-derived waste (e.g.alecontaminationewater,etc.) will be handled in accordance
with the Standard Operation Procedure for Investigation-DerivedéNaste Handling (SOP-11,
Appendix C).o

Integral Consulting,¥nc. 8
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4. SITE TOPOGRAPHY

Existing sources of mapping information will be researched to establish existing site topography
(e.g. Portland area metropolitanservice district). However, if no adequatesource is available, a
professional land surveyor licensed in the statef Oregon will conduct a topographical survey of the
site. The surveyorewill acquiredield topographic (cross sections or randomeopo) and planimetric
information (buildings,@oads, parking areas, sidewalks, fence lines, structures, drainage, etc.) to be
used for 40 scaleemapping with a one (1) foot contour interval.dDensity of field elevations will
support 1”7 = 40" mapping and will be provided as necessaryd¢o show alldreaksdn grade or changeso
in terrain. All elevations will be taken to the hundredthef a foot.eThe surveyor will record all data
in the field book, which will include,eat a minimum, setups, backsights,eneasureaips, shot numbers,
and shotalescriptions.

Integral Consulting, ¥nc.~ 9
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5. BEST MANAGEMENT PRACTICE ENHANCMENTS

Best ManagementePracticesecurrently in place at the Plantite include biofilterdags that are placede
around catch basins and filter socks placed inside the majority@featchdasins at the Plant Site. As
part of this Work Plan, these BMPs will, at a minimum, be enhanced by replacing the filter socks and
replacing and re-configuring the biofilter bags. Ifaleemedeecessary,@ther BMPs (such as cleaninge
paved areas with surface particulates that have a high potential for contributing COls to
stormwater) may also be implemented.o

5.1 REPLACING FILTER SOCKS

During the inspection@fdhe catch basins and samplingef sediment containedewithindhe catch basin
filter socks, all filter socks will be replaced.eFilter socks and contained sedimentewill be handled as
solid investigation-derived wasteas described in the Standard Operating Procedure fore
Investigation-Derived Waste Handling (SOP-11, Appendix C). The filter socks and sediment willde
placed in properly labeled,dOT-approved, 55-gallon drums.eAll filled or partially filledelrums will
be properly closed, sealed,dabeled, and staged.oeAt the end of the field program, the drums will be
removed fromdhe storagearea and disposed according to all Federal, State, and local regulations
and standard practice.

Filtersocksewill be replacedewith an FLT 116 PIG® Drain Insert Plus or equivalent. Product sheets
for the FLT 116 PIG® Draindnsert Plus are included in Appendix D.

5.2 REPLACING BIOFILTER BAGS

During the inspection@fdhe catch basins and samplingef sediment containedewithindhe catch basin
filter socks, all biofilterdbags will be replaced.eBiofilterdags will be inspected.olf thediofilter bags
appeardode clean & free of any noticeablesediment, they will be placed within a trash container at
the Plantdite to be disposed with other plant trash. If the biofilterdags appeardode heavily
impregnated with dirt and sediment,¢hey will be handled as solid investigation-derived waste as
described in the Standard Operatingd’rocedure fordnvestigation-Derived Waste Handling (SOP-11,
Appendix C).eThe “dirty” diofilter bags will be placed in properly labeled,dDOT-approved, 55-

gallon drums.eAll filled or partially fillededrums will be properlyalosed, sealed, labeled, and staged.o
At the end of the field program, the drums will be removed from the storageearea and disposed
according to all Federal, State, and localeegulationseand standardepractice.o

Biofilter bagsewill be replacedeand configured in accordance with SC-8, Stromé)rain Inlet Protection,
of Appendix F of DEQ’s&tatewidedirosioneand Sediment ControléManual. SC-8 is included as
Appendix E of this work plan for reference.
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6. OPTIONAL SAMPLING

Additional sampling may be conducteddased on the preliminaryeesultsef the stormwatere
sampling and the catch basin sedimenteampling.eThis additionaléampling may includeeparticleo
size analysisf TSS contained in stormwatereand/ore&urface soil sampling. A particle size analysisef
TSS in stormwater could be conducteden sampleseollectedaluringehe July 2006 samplingevent.
Surface soil sampling may be conducted pending the results of the catch basin samplingeand as parto
of addressing data gapsddentified in the upland remedial investigation to assist in developing the
upland feasibility study.

6.1 PARTICLE SIZE ANALYSIS

If it appears that enhancingdBMPs willenot adequatelyaaddress COls in stormwatereand,dased on
total and dissolved analytical results, COIs are determined to be associatedewith thesolids within
stormwater, a particle size analysisewill be conducteden stormwater samplesaollectedaduringeghe
July 2006 outfall water sampling event. A 500-mL sample willde collected at all four outfalls as
described for¢he collectionef other stormwatersamplesandection 2. Particle size distribution will
determined via either laser light scatteringgHoriba LA920), Centrifugal Photosedimentation
(Shimadzu SA-CP3), or equivalent. One field duplicate QA/QC sample will also be collected.

6.2 SURFACE SOIL SAMPLING

Surface soil sampling may be conducted pending the results of the catch basin sampling.eAs
described in Section 1.3, results from the catch basin sampling event will be summarized and
presented to DEQ,alongewith proposed surface soil sampling locations, if necessary. Sampling
locations would focus on currentlyain- or under-delineated areases described in the Uplands RI,
(ERM 2005) that may have a high potential for contributing COlsd¢o stormwateres indicated by the
catch basin sampling results.

Before collectingeach sample,sampling equipment (e.g. stainlesssteelapoon, scoopardrowel,o
mixing bowl,etc.) will be decontaminateddy theeprocedures outlined in the Standard€perating
Procedure foréEquipmentdecontaminationgSOP-9, Appendix C). All investigation-derived waste
(e.g. decontaminationewater, etc.) will be handled in accordance with theétandardéperation
Procedure fordnvestigation-Derived Waste Handling (SOP-11, Appendix C).

Surface soil samples will be collected in accordance with the Standard Operating Procedure for
Surface Soil&bampling (SOP-4, Appendix C). The top 4 inches of soil, minus any rocks greater than 3
inches in sizewrerganic material covering the sampledocation,ewill be excavated, mixed in a
stainless steel mixing bowl,eand placed in the appropriate sampleaeontainer. Each sampleaollectede
in the field will be labeled in accordance with the Standard Operating Procedure for Sample
Labeling (SOP-5, Appendix C), and field activities will be documented accordingdo the Standarde
Operating&roceduresdor the Site LogbookgSOP-8, Appendix C).
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Samples will be managed according to the protocolsalescribed in SOP-6, Standard Operatinge

Procedure for&hipping and Handling of Samples (Appendix C), and SOP-7, Standard Operating
Procedure for&ample Custody (Appendix«C), as well as the€QAPP (AppendixdB).

Surface soil samples will be collected and analyzeddor the following constituents:e

Perchlorate

Manganesee®

Hexavalent Chromium

4,4'-DDE

4,4'-DDD

4,4’-DDT.

As described in the QAPP (Appendix B), one setef&)A/QCsamples will be collected,aand will
consist of:

One field duplicate for every 20 samplesaollected,®

One filtered equipment blank for every 20 samplesaollected (DI water placed in the
decontaminatedechurn-splitter/sample collectionducket and pumped through a clean
0.45-um filter to a sampledottle with preservative),

One unfiltered equipmentdlank for every 20 samplesaollected¢DI watereplaceddn
the decontaminatedechurn-splitter/sample collectionducket and poured into a sampleo
bottle with preservative),eand

One DI waterdlank for every 20 samplesaollected¢DI waterepoured directly into a
sample bottle with preservative).

QA/QC samples will be prepared in accordance with the Standard Operating Procedure for Qualitye
Control Sample Preparation (SOP-10, Appendix C).

Integral Consulting,¥nc. 12
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7. STORMWATER FOCUSED FEASIBILITY STUDY

Once sampling is complete and if enhancingerurrentlydnstalleddBMPs is not effective at addressing
stormwaterd”Ols,ea SWFFSewould be proposed to determine the most feasible alternative to
implement at the Plant&itedn accordance with regulatory guidance set fortheén the JSCS¢EPA and
DEQ, 2005).0As per the JSCS,é¢he SWFFS would be developed in general accordance with the
CERCLA Engineering Evaluation/Cost Analysis process (EPA 1993) aseandnterim “removal action”
to implement source controlemeasures at the Plant&ite. Any final “remedial action” for stormwater
would be incorporateddnto the upland feasibility study (FS).

7.1 FOCUSED FEASIBLITY STUDY CONTENTS

The SWFFS would include,dut not be limited to the following:

e Site Characterization —
0 Site descriptionaand background;
0 DPotential Sources;
0 Nature and extent of contamination;
o COPCs;
0 Previous removal actions;
0 Source Control Screening evaluation.

e Identification of source control measureabjectives —
0 Statutory limits;e
0 Source control measure scope; and
0 Source control measure schedule.

e Identification and analysisef source control measure alternatives —
0 Effectiveness;
0 Implementability;
0 Cost.

e Comparative analysis of source controleneasure alternatives.

e Recommended source controlaneasure alternative.
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7.2 PRELIMINARY IDENTIFICATION OF STORMWATER TREATMENT
ALTERNATIVES

Preliminary alternatives that havedeenddentified to address COlIs in stormwateraan be categorized
by whether they address surface sources of COIs to stormwaterer non-surface sources of COls to
stormwater. Surface sources of COlIs to stormwaterdnclude sources such as construction and/or
demolition activities, surface soils, windblown deposition, and background sources.eNon-surface
sources of COlIs to stormwaterdnclude groundwater infiltration (generally not applicable at the Plante
Site) and infiltration of non-surface particulates to the storm sewer.

Identified treatment alternatives¢hat will be evaluated in the SWFFS to address potential surface
sources of COlIs to stormwaterdnclude the following;:

¢ Enhanced Stormwater Infiltration. This alternativeewould consistef re-contouring the Plant
Site to enhancestormwaterdnfiltration.

e Stormwater Treatment at the Ground Surface. Thisalternativeewould consistef re-
contouring the Plant Site to divert stormwater flow to ground surface treatment areas,evhich
could includeene or all of the following:

0 Bioswales;

0 Infiltration strips;

0 Wetponds or wetlands, or;
0 Aboveground sand filters.

e Soil capping/hydro-seeding.oThis alternativeewould consist of capping and/or hydro-seeding
surface soils to stabilize them, thusemitigating theamount thateould be entrained withine
stormwater flows.

Identified treatment alternativesd¢hat will be evaluated in the SWFFS to address potential non-
surface sources of COlIs to stormwaterdancluded¢he following;:

e Sewer Abandonment/Reconstruction.eThis alternativeewould consist of abandoning the
majority of the current sewer system and replacing it with a new, shallow sewer system.o

e Sewer Cleaning/Lining. This alternativeewould consistef, first, cleaning theexisting sewere
system, and then lining it with a new material such as cast-in-place pipe.

End-of-pipe or in-pipe treatment could also be implemented to address both surface andenon-
surface sources of COlIs to stormwater.eEnd-of-pipe or in-pipedreatmentd¢hat could be implementede
at the Plant Site could include:

e Hydrodynamic separators (e.g. Vortechs™ System);
e Cartridge filter system (e.g. Vortfilter™ or Stormfilter™);o
e In-vault or linear sanddilters;

e Multi-media (carbon and sand) filters, and;
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e Wet Vaults (i.e., detention facility).

Given the complexity and costs ofeuche system,d¢hese end-of-pipe or in-pipe treatment alternativese
will only be considered as a final remedy for Plant Site stormwater.eThe evaluation in the SWFFS of
the previouslyaliscussed treatment alternativesewill considerédnow they may be integrated with end-
of-pipe or in-pipe treatment, along with whether they would preclude and/orassistdmplementatione
of future in-water remediation or additional source control measures.
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ACRONYMS AND ABBREVIATIONS

Arkema Arkema, Inc.

AWQC ambient watereqquality«riteriae®

COI constituent of interest

DEQ Oregon Department of Environmental Quality
DWEL Drinking Water Equivalent Level

EPA U.S. Environmental Protection Agency

JSCS Joint Source Control Strategy

MCL maximum contaminantdevel

NRWQC National Recommended Water Quality Criteria
ORNL Oak Ridge National Laboratory

PAH polycyclicaromaticédrydrocarbon

PCB polychlorinateddiphenyl

Plant Site Arkema, Inc., Portland, Oregon, Facility

ppb parts per billione

ppm parts per million

PRG preliminary remediation goal

SCR stormwater characterization report

SLV screening level valueo

TDS total dissolved solids
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DATA SCREENING RESULTS

The Arkema, Inc. (Arkema), Portland,@regon, Facility (Plant Site) was issued@eNational
Pollutantd)ischarge&limination System stormwateralischarge permit by the Oregon
Department of Environmental€uality (DEQ) on January 22,2004 for the discharge of
storm runoff water from the Plant&ite. As a condition of the permit, Arkemaewas
requiredd¢o conductastormwater characterization for legacy and 303(d)aonstituentsdor a
1-year period. On May 18,2005,Arkemasubmittede stormwater characterizationeeport
(SCR) to DEQ in complianceewithdts permit (Arkema®005).oFor the SCR, stormwater
samples wereaollected at the Plant&iteeon a monthlydasis from February 2004 through
March 2005eandenalyzed for total dissolved solids (TDS), iron, manganese,anercury,
hexavalentehromium, 4,4’-DDT, 4,4’-DDD, 4,4’-DDE, polycyclic aromatic hydrocarbons
(PAHSs), polychlorinated biphenyl (PCBs), chlorobenzene, pentachlorophenol,eperchlorate,
and chloride from Outfalls 001,§02,8)03,eand 004 (Figureel). During the majority of the
sampling period (March 2004 through January 2005),&hasedII demolition activitiesewereo
conducted at the Plantd&ite.! Figure 2 shows thestructures¢hat were demolished as part
of Phase III demolition activities. A majority of the concreteslabseand foundationsewereo
also removed in the PhasedII demolition project.

Data collected as part of the SCR weresscreened against screening level values (SLVs), set
forth by DEQ and the EPA in the Portlandddarbordoint Source Control Strategy (JSCS;
DEQ and EPA 2005 ), to establishaonstituent®f interest (COIs) for the Plantdite
stormwater. The SCR data as well as the results of this screeningare presented in Table 1.
This screening indicates that the COIsdor stormwater at the Plant Site include perchlorate,
hexavalentehromium, DDE, DDD, and DDT and potentially manganese. A summary of
the screeningaresultsds provided bleow.o

¢ Measured 4,4’-DDE (DDE) concentrations are presented in Figure 3. SLVs for
DDE presented in the JSCS include the U.S. Environmental Protection Agency’so
(EPA’s) National Recommended Water Quality Criteria (NRWQC) fordngestionef
tish at a consumption rate of 17.5 g/day of 0.00022 parts per billiongppb) and the
EPA Region 9 tap waterepreliminary remediation goal (PRG) of 0.2 ppb. The
detection limit for DDE for the stormwatersampling was approximately 0.03%e
ppb, which exceed the SLV fordnumanaonsumption of fish. Most samples in
Outfalls 003and€)04 weredelow the human consumption of water SLV. Outfalls
001end#)02 had periods where DDE concentrations were both above and below
the SLVdordhuman consumption of water. DDE is considered to be agotentiallyo
bioaccumulativedCOI for the Portland Harbor.

1 Phase I and II demolitionactivitiesswere conducted prior to the SCR samplingactivitiesdn theo
spring of 2003and the laterchalf of 2003,@espectively.o
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Measured 4,4’-DDD (DDD) concentrations are presenteden Figureet. SLVs for
DDD presented in the JSCS include EPA’s NRWQC for ingestion of fish at a
consumptioneate of 17.5eg/day of 0.00031 ppb, theeEPA Region 9 tap waterd®RG of
0.28 ppb, and the Oak RidgeeNational Laboratory ORNL)doxicologicale
benchmark value for ecological receptorsef 0.011 ppb. 4,4-DDD was not detected
in the sampleserollected from outfalls from March through August 2004.
However, the detection limit for DDD for the stormwatergamplingewas
approximately 0.039 ppb, which exceeded the SLV fordnuman&onsumption of fish
and the SLV for ecological receptors. Most samplesdn all four outfalls frome
September 2004 throughéMarch 2005 were detected at levels above the ecological
receptor SLV,dut well below the SLV for water consumption. DDD is considered
to be agpotentiallydioaccumulativedCOl for the Portland Harbor.

Measured 4,4’ -DDT (DDT) concentrations are presented in Figure 5. SLVs for
DDT presented in the JSCS include EPA’s NRWQC for ingestion of fish at a
consumptioneate of 17.5e¢/day of 0.00022 ppb, theEPA Region 9 tap waterd®RG of
0.2 ppb, and the EPA NRWQCdchronic value) forecological receptors of

0.001 ppb. Most samples in all four outfalls exceeded both theSLV for human
consumption®f fish and the SLV foreecologicaleaeceptors. Furthermore, moste
samples collected from March through August 2004 were within the range of the
water consumption SLV, and samplesdhat were collected laterdn the monitoringe
period (September®004 to January 2005)éhad DDT concentrations above this SLV.
DDT is considered to be a potentially bioaccumulativedCOlI for the Portlande
Harbor.o

Measured perchlorate concentrations are presented in Figure 6. The only SLV
presented in the JSCS is theEPA Region 9 tap waterd®RGs of 3.6 ppb, however,o
that value wasaecently superseded by an EPA revised drinking water equivalente
level (DWEL)ef 24.5 ppb (EPA 2006).eOnly 12 of the 40 sampleseollected from all
four outfallseexceeded the DWEL, however,dtdsainlikely that the Willamette River
in this area would ever be used as a drinking water source. In addition,
perchlorate is not consideredaagpotentiallydioaccumulativedCOl for the Portlande
Harbor.e

Measured hexavalentehromium concentrationseare presented in Figure 7.2 SLVs
for hexavalentehromium presented in the JSCS include EPA Region 9 tap water
PRG of 110 ppb and EPA’s NRWQC for ecological receptors (chronic value)ef

11 ppb. Sampling resultsdandicate that€utfalls 001,402,eand 003alo not exceed
either of these&LVs with the exception of the January®005 sampleaollecteddrom

2 Samplesarollected in April 2004eatall foureutfallsewere analyzeddordotal chromiumdnstead of
hexavalenteehromium.eOf these four samples,@nlydhe sampledrome)utfall 004 had a detecteableo
level of chromium«{15.6 ppb).eThisaletectioneexceededdghe EPA’sMCL foradrinkingewatersetat 10
ppb for chromium.e
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Outfall 003 (11.2 ppb). Concentrationsef hexavalentehromium in samples
collected froméutfall 004 ranged fromebelow detection (10 ppb detection limit) to
26.4 ppb, exceeding the ecological receptor&sLVenly slightly. In addition,
hexavalentehromium is not considered to be agotentiallydioaccumulatived”OI
for the Portland Harbor.

Measured manganeseaoncentrationseare presented in Figure 8. SLVs for
manganesegresented in the J[SCS include EPA’s NRWQC fordngestion of fish at a
consumptionaate of 17.5e/day of 0.1 parts per million (ppm),&EPA’s National
Secondary Drinking Water Standard of 0.05 ppm, and the ORNL toxicological
benchmark value for ecological receptorsef 0.12 ppm. Sampling results indicate
that only 3 of the 40 samplesaollected exceedeEPA’seNRWQC SLV for
consumptionef fish and ORNL SLVs for ecological receptors (March 2004 sample
collected at Outfall 00leanddhe October 2004 samplesarollectedeaat Outfallsd)0leande
004). While 17 of the 40 samples collected exceeded the secondary drinking water
standard for the consumption of water,secondary standardseare guidelinese
regulating contaminantse¢hat may cause cosmetic effects (such as skin or tooth
discoloration)er aestheticeffects (such as taste, odor,er color) in drinking water
and itdsamprobable that the Willamette River is this area wouldée used as a
drinking water source. Manganeseds considered to be agpotentiallyo
bioaccumulativedCOI for the Portland Harbor

Based on thisecreening, COls for stormwaterat thed’lant Site include perchlorate,
hexavalentehromium, DDE, DDD, and DDT and potentially manganese.eln addition to
these COls, the following additional observations were madeewith respect to the JSCS
screening.

Chlorobenzene was not detected (detection limit of 5 ppb) in any of the samplese
collected as part of the stormwateraharacterization.

All sample resultsdor PAHs from all four outfallsewere less thandhealetection
limit of approximately 9.5 to 10 ppb.

All sample resultsdor all of the PCB congeners from the four outfalls were less
than the detectiondimitef approximately).97 ppb.o

Pentachlorophenol was not detected in any of the stormwatereharacterization
samples except for samplesaollected in October 2004.0Stormwatergamplese
collected at Outfalls 001,403,eand€)04 in October 2004 containeded 30,&’1,eandB0e
ppb of pentachlorophenol, respectively. As part of the PhasedIl demolition
activities in October 2004, pressure treated utility poles were cut flush to grade
and then wereaut into short lengths so that they could be removeddromehe plant.
It is assumeddhat sawdustaontaining pentachlorophenoldromdhe pressure
treated wood caused the detections in the Octobereffluent samples. Subsequent
samples for all outfalls fordNovember®004 throughéVlarch 2005éadeoaletectableo
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level of pentachlorophenol. SLVs for pentachlorophenol presented in thedSCS
include EPA’s NRWQC fordngestion of fish at a consumption rate of 17.5eg/day of
3 ppb, EPA Region 9 tap water PRGs for water consumption of 0.56 ppb, and
EPA’s NRWQC for chronicexposures to ecological receptors of 15 ppb.
Pentachlorophenol is considered agpotentiallydioaccumulativedCOlI for the
Portland Harbor.

e Sample results for mercury from all four outfallsewere less thanehe detectiondimit
of 0.2 ppb with the exception of the March 2004 sample foréJutfall§)03 (0.3 ppb)
and the May 2004 sampledordutfall§)04 (0.2 ppb).eSubsequent samplesg¢Auguste
2004 through March 2005)all indicated no detectable levels of mercury. SLVs for
mercury presenteddn the JSCS include the DEQ ambient wateraqualityeriterione
(AWQQC) for ingestion of fish at aconsumptioneate of 17.5 g/day of 0.146 ppb,
EPA’s maximum contaminant level (MCL) for water consumption of 2 ppb, and
EPA’s NRWQC for ecological receptorsef 0.77 ppb.eMercury results are below the
EPA MCL and NRWQC for ecological receptor SLVs.eMercury is considered to be
a potentially bioaccumulativedCOl for the Portland Harbor.

e The JSCS does not include SLVs for TDS, chloride,@r iron. Furthermore, based
upon a comparison@faeoncentrations of thesearonstituentseagainst wateraqualityo
standards for the Willamette River, TDS, chloride,eand iron do not appeard¢ode an
issue in plant stormwateraunoff (Arkema®005).0
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Figure 2. Phased Demolition Activities, Arkema, Inc. Portland, Oregon
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Table 1.
2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

JSCS Screening Levels for Water

Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
\ . EPA's DEQ's Oak Ridge
Epé)fgzai?s‘lmN;\x)Qc nggsai(i)g; ﬁ:}gc MCL Tap Water| 2004 2084 Naﬁon; Outfall 001 Outfall 001 Outfall 001 Outfall 001 Outfall 001 Outfall 001 Outfall 001 Outfall 001
PRGs NRWQC AWQC | Laboratory's

Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 2/1/2004 3/30/2004 4/20/2004 5/28/2004 8/24/2004 9/13/2004 10/1/2004 11/24/2004
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -~ 0.00096 | 0.000014 0.000014 - - 0.00099 U 0.00096 U 0.00096 U 0.00099 U 0.00098 U 0.001 U 0.00096 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 - 0.00099 U 0.00096 U 0.00096 U 0.00099 U 0.00098 U 0.002 U 0.00096 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 - 0.00099 U 0.00099 U 0.00096 U 0.00099 U 0.00098 U 0.001 U 0.00096 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 - 0.00099 U 0.00099 U 0.00096 U 0.00099 U 0.00098 U 0.001 U 0.00096 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 - 0.00099 U 0.00096 U 0.00096 U 0.00099 U 0.00098 U 0.001 U 0.00096 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 - 0.00099 U 0.00096 U 0.00096 U 0.00099 U 0.00098 U 0.0017 U 0.00096 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 - 0.00099 U 0.00096 U 0.00096 U 0.00099 U 0.00098 U 0.001 U 0.00096 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 - 0.00099 UT 0.00096 UT 0.00096 UT 0.00099 UT 0.00098 UT 0.002 UT 0.00096 UT
Conventionals
Chloride - - - - - - - - - - 33.3 31.1 45.6 38.6 55.4 93 62.9
Perchlorate - - - - - 0.245 - - - - 0.0557 0.0042 0.0184 0.222 0.608 0.171 0.314
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- - 0.01 U -- 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U
Chromium - - - - 0.01 - - - - - - 0.01 U - - - - -
Iron - -- - -- - -- - -- -- 0.546 11.4 1.56 0.935 0.644 1.4 7.31 2.99
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.0161 0.184 0.0456 0.0423 0.0266 0.0746 0.14 0.0691
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 - 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - - 0.01U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Acenaphthylene - - - - 0.0002 - - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 - 0.01 U 0.0096 U 0.01U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Benzo(g,h,i)perylene - - - - 0.0002 - - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - - 0.01U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
High Molecular Weight PAH - - - - - - - - - - 0.01 UT 0.0096 UT 0.01 UT 0.0096 UT 0.0098 UT 0.0097 UT 0.0096 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Low Molecular Weight PAH - - - - - - - - - - 0.01 UT 0.0096 UT 0.01 UT 0.0096 UT 0.0098 UT 0.0097 UT 0.0096 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Phenanthrene - - - - 0.0002 - - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- - 0.01 UT 0.0096 UT 0.01 UT 0.0096 UT 0.0098 UT 0.0097 UT 0.0096 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - - 0.01 U 0.0096 U 0.01 U 0.0096 U 0.0098 U 0.0097 U 0.0096 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 - 0.00004 U 0.000039 U 0.000039 U 0.00004 U  0.0000098 U 0.000077 0.000018
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - - 0.00013 0.000069 0.000039 U 0.00004 U 0.000018 0.00017 0.000047
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 | 0.000001 0.000001  0.000013 - 0.00046 0.000067 0.000039 U 0.000073 0.000049 0.00058 0.00014
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - - 0.00059 T 0.000136 T 0.000039 UT  0.000073 T 0.000067 T 0.000827 T 0.000205 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - - 0.025 U 0.024 U 0.025 U 0.024 U 0.025 U 0.13 0.024 U
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 - 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb
indicates the Human Health Fish Consumption screening level value used for screening (JSCS Screening Levels for Water) AND indicates an exceedance of this screening level value (data).
indicates the Human Health Drinking Water screening level value used for screening (JSCS Screening Levels for Water) AND indicates an exceedance this screening level value (data).

indicates the Ecological Receptor screening level value used for screening (JSCS Screening Levles for Water) AND indicates an exceedance of this screening level value (data).
indicates an exceedance of more than one screening level value.
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Table 1.
2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

JSCS Screening Levels for Water

Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
\ . EPA's DEQ's Oak Ridge
Epé)fgzai?s‘lmN;\x)Qc nggsai(i)g; ﬁ:}gc MCL Tap Water| 2004 2084 N aﬁon; Outfall 001 Outfall 001 Outfall 001 Outfall 002 Outfall 002 Outfall 002 Outfall 002 Outfall 002
PRGs NRWQC AWQC | Laboratory's

Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 12/14/2004 1/18/2005 3/29/2005 2/1/2004 3/30/2004 4/20/2004 5/28/2004 8/24/2004
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -~ 0.00096 | 0.000014 0.000014 - 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 0.00096 U 0.00096 U 0.00096 U - 0.001 U 0.00096 U 0.00097 U 0.00097 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 0.00096 UT  0.00096 UT 0.00096 UT - 0.001 UT 0.00096 UT 0.00097 UT 0.00097 UT
Conventionals
Chloride - - - - - - - - - 21.7 37.9 19.4 - 16.8 4.2 7.3 7.5
Perchlorate - - - - - 0.245 - - - 0.28 0.212 0.084 - 0.0051 0.0101 0.0083 0.0088
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- 0.01 U 0.01 U 0.0101 - 0.01 U - 0.01 U 0.01 U
Chromium - - - - 0.01 - - - - - - - - - 0.01 U - -
Iron - - - - - - - - - 1.69 4.53 1.68 1.05 2.52 2.6 2.44 1.36
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.029 0.0741 0.0356 0.0171 0.059 0.0657 0.0479 0.0435
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 0.0002 U 0.0002 U 0.0002 U - 0.0003 0.0002 U 0.0002 U 0.0002 U
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Acenaphthylene - - - - 0.0002 - - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Benzo(g,h,i)perylene - - - - 0.0002 - - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
High Molecular Weight PAH - - - - - - - - - 0.0096 UT 0.0095 UT 0.0095 UT - 0.0098 UT 0.0096 UT 0.01 UT 0.0096 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Low Molecular Weight PAH - - - - - - - - - 0.0096 UT 0.0095 UT 0.0095 UT - 0.0098 UT 0.0096 UT 0.01 UT 0.0096 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Phenanthrene - - - - 0.0002 - - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- 0.0096 UT 0.0095 UT 0.0095 UT - 0.0098 UT 0.0096 UT 0.01 UT 0.0096 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - 0.0096 U 0.0095 U 0.0095 U - 0.0098 U 0.0096 U 001U 0.0096 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 0.000062 0.000038 0.00004 - 0.000045 U 0.000039 U 0.000039 U 0.000039 U
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - 0.00076 0.0002 0.00037 - 0.00028 0.000044 0.00028 0.00011
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002| 0.000001 0.000001  0.000013 0.00072 0.00036 0.00045 - 0.00039 0.00019 0.00049 0.00041
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - 0.001542 T 0.000598 T 0.00086 T - 0.00067 T 0.000234 T 0.00077 T 0.00052 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - 0.024 U 0.024 U 0.024 U - 0.025 U 0.024 U 0.025 U 0.024 U
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 0.005 U 0.005 U 0.005 U - 0.005 U 0.005 U 0.005 U 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb
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2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

Table 1.

JSCS Screening Levels for Water

Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
\ . EPA's DEQ's Oak Ridge
Epé)fgzai?s‘lmN;\x)Qc nggsai(i)g; ﬁ:}gc MCL Tap Water| 2004 2084 N aﬁon; Outfall 002 Outfall 002 Outfall 002 Outfall 002 Outfall 002 Outfall 002 Outfall 003 Outfall 003
PRGs NRWQC AWQC | Laboratory's
Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 9/13/2004 10/1/2004 11/24/2004 12/14/2004 1/18/2005 3/29/2005 2/1/2004 3/30/2004
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -~ 0.00096 | 0.000014 0.000014 - 0.00097 U 0.0002 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 0.00097 U 0.00039 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 0.00097 U 0.0002 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 0.00097 U 0.0002 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 0.00097 U 0.0002 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 0.00097 U 0.0002 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 0.00097 U 0.00075 U 0.00096 U 0.00096 U 0.00096 U 0.00096 U - 0.00098 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 0.00097 UT 0.0002 UT 0.00096 UT 0.00096 UT 0.00096 UT 0.00096 UT - 0.00098 UT
Conventionals
Chloride - - - - - - - - - 6.7 2.6 6.1 25 0.7 3.2 - 23
Perchlorate - - - - - 0.245 - - - 0.0042 0.002 U 0.0166 0.0042 0.0031 0.0109 - 0.0078
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U -- 0.01 U
Chromium - - - - 0.01 - - - - - - - - - - - -
Iron - - - - - - - - - 15 2.62 2.37 0.81 1.89 0.96 0.466 1.93
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.0881 0.0385 0.0483 0.0141 0.0338 0.0205 0.0093 0.0735
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U - 0.0002
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Acenaphthylene - - - - 0.0002 - - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Benzo(g,h,i)perylene - - - - 0.0002 - - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
High Molecular Weight PAH - - - - - - - - - 0.0098 UT 0.0096 UT 0.0096 UT 0.0096 UT 0.01 UT 0.0096 UT - 0.0096 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Low Molecular Weight PAH - - - - - - - - - 0.0098 UT 0.0096 UT 0.0096 UT 0.0096 UT 0.01 UT 0.0096 UT - 0.01 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 001U
Phenanthrene - - - - 0.0002 - - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- 0.0098 UT 0.0096 UT 0.0096 UT 0.0096 UT 0.01 UT 0.0096 UT -- 0.01 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - 0.0098 U 0.0096 U 0.0096 U 0.0096 U 001U 0.0096 U - 0.0096 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 0.000014 0.000082 0.000016 0.000035 0.000038 0.000032 - 0.000039 U
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - 0.00011 0.00026 0.0001 0.00025 0.00028 0.00019 - 0.000039 U
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 | 0.000001 0.000001  0.000013 0.00033 0.00087 0.0003 0.00069 0.0008 0.00057 - 0.00021
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - 0.000454 T 0.001212 T 0.000416 T 0.000975 T 0.001118 T 0.000792 T - 0.00021 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - 0.025 U 0.025 U 0.024 U 0.024 U 0.024 U 0.024 U - 0.025 U
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U -- 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb
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Table 1.
2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

JSCS Screening Levels for Water

Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
\ . EPA's DEQ's Oak Ridge
Epé)fgzai?s‘lmN;\x)QC nggsai(i)g; ﬁ:}gc MCL Tap Water| 2004 2084 N aﬁon; Outfall 003 Outfall 003 Outfall 003 Outfall 003 Outfall 003 Outfall 003 Outfall 003 Outfall 003
PRGs NRWQC AWQC | Laboratory's

Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 4/20/2004 5/28/2004 8/24/2004 9/13/2004 10/1/2004 11/24/2004 12/14/2004 1/18/2005
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -~ 0.00096 | 0.000014 0.000014 - 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.00095 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.0019 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.00095 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.00095 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.00095 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.0012 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 0.00096 U 0.00098 U 0.00096 U 0.00096 U 0.00095 U 0.00096 U 0.00096 U 0.00096 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 0.00096 UT 0.00098 UT 0.00096 UT 0.00096 UT 0.0012 UT 0.00096 UT 0.00096 UT 0.00096 UT
Conventionals
Chloride - - - - - - - - - 3.4 3.7 20.6 53 47.7 6.5 14.7 6.6
Perchlorate - - - - - 0.245 - - - 0.0266 0.0021 0.0179 0.002 0.0082 0.002 U 0.0042 0.002 U
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- - 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.01 U 0.0112
Chromium - - - - 0.01 - - - - 0.01 U - - - - - - -
Iron - - - - - - - - - 0.791 0.609 2.43 2.05 5.94 1.39 227 2.45
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.02 0.0148 0.0497 0.0415 0.0728 0.0366 0.0374 0.0382
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Acenaphthylene - - - - 0.0002 - - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Benzo(g,h,i)perylene - - - - 0.0002 - - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
High Molecular Weight PAH - - - - - - - - - 0.0096 UT 0.0098 UT 0.0096 UT 0.0099 UT 0.0096 UT 0.0096 UT 0.011 UT 0.0096 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Low Molecular Weight PAH - - - - - - - - - 0.01 UT 0.0098 UT 0.0096 UT 0.0099 UT 0.0096 UT 0.0096 UT 0.011 UT 0.0096 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 0.01 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Phenanthrene - - - - 0.0002 - - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- 0.01 UT 0.0098 UT 0.0096 UT 0.0099 UT 0.0096 UT 0.0096 UT 0.011 UT 0.0096 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - 0.0096 U 0.0098 U 0.0096 U 0.0099 U 0.0096 U 0.0096 U 0.011 U 0.0096 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 0.000039 U 0.000039 U 0.000039 U 0.000046 0.000038 0.000017 0.00005 0.000017
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - 0.00031 0.000039 U 0.000044 0.000085 0.00014 0.000057 0.00011 0.000097
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 | 0.000001 0.000001  0.000013 0.0013 0.000063 0.00027 0.00047 0.00053 0.00016 0.00057 0.00035
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - 0.00161 T 0.000063 T 0.000314 T 0.000601 T 0.000708 T 0.000234 T 0.00073 T 0.000464 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - 0.024 U 0.025 U 0.024 U 0.025 U 0.071 0.024 U 0.026 U 0.024 U
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb
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Table 1.
2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

JSCS Screening Levels for Water

Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
\ . EPA's DEQ's Oak Ridge
Epé)fgzai?s‘lmN;\x)Qc nggsai(i)g; ﬁ:}gc MCL Tap Water| 2004 2084 Naﬁon; Outfall 003 Outfall 004 Outfall 004 Outfall 004 Outfall 004 Outfall 004 Outfall 004 Outfall 004
PRGs NRWQC AWQC | Laboratory's

Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 3/29/2005 2/1/2004 3/30/2004 4/20/2004 5/28/2004 8/24/2004 9/13/2004 10/1/2004
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08  6.4E-09 -~ 0.00096 | 0.000014 0.000014 - 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00024 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00039 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00022 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.0002 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00031 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00041 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 0.00096 U - 0.00099 U 0.00096 U 0.00097 U 0.00097 U 0.00097 U 0.00037 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 0.00096 UT - 0.00099 UT 0.00096 UT 0.00097 UT 0.00097 UT 0.00097 UT 0.00041 UT
Conventionals
Chloride - - - - - - - - - 7.1 - 9.72 354 241 58.1 131 37.2
Perchlorate - - - - - 0.245 - - - 0.002 U - 0.0061 0.0056 0.0099 0.0116 0.0084 0.0407
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- 0.01 U -- 0.01 U -- 0.0102 0.0154 0.0107 0.0187
Chromium - - - - 0.01 - - - - - - - 0.0156 - - - -
Iron - - - - - - - - - 1.18 1.58 2.37 1.73 7.3 2.222 5.95 8.23
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.0229 0.0368 0.0874 0.0438 0.0989 0.0422 0.0976 0.128
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 0.0002 U - 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U 0.0002 U
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Acenaphthylene - - - - 0.0002 - - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Benzo(g,h,i)perylene - - - - 0.0002 - - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
High Molecular Weight PAH - - - - - - - - - 0.0095 UT - 0.0097 UT 0.0096 UT 0.01 UT 0.0096 UT 0.01 UT 0.0097 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Low Molecular Weight PAH - - - - - - - - - 0.0095 UT - 0.0097 UT 0.0096 UT 0.01 UT 0.0096 UT 0.01 UT 0.0097 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Phenanthrene - - - - 0.0002 - - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- 0.0095 UT -- 0.0097 UT 0.0096 UT 0.01 UT 0.0096 UT 0.01 UT 0.0097 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - 0.0095 U - 0.0097 U 0.0096 U 001U 0.0096 U 0.01 U 0.0097 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 0.000011 - 0.00004 U 0.000039 U 0.000039 U 0.000039 U 0.000025 0.000082
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - 0.000043 - 0.000045 0.000039 U 0.000039 U 0.000039 U 0.000064 0.00016
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 | 0.000001 0.000001  0.000013 0.00017 - 0.00013 0.000058 0.00014 0.000078 0.00029 0.00061
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - 0.000224 T - 0.000175 T 0.000058 T 0.00014 T 0.000078 T 0.000379 T  0.000852 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - 0.024 U - 0.025 U 0.024 U 0.025 U 0.024 U 0.025 U 0.03
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 0.005 U -- 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb

indicates the Human Health Fish Consumption screening level value used for screening (JSCS Screening Leve
indicates the Human Health Drinking Water screening level value used for screening (JSCS Screening Levels f
indicates the Ecological Receptor screening level value used for screening (JSCS Screening Levles for Water)

Bold Fonts
Italic Fonts

Underline Font

indicates an exceedance of more than one screening level value.
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Table 1.
2004/2005 Stormwater Characterization Data, Arkema, Inc. Portland Oregon Facility.

JSCS Screening Levels for Water
Human Health
N N . Ecological Receptors
Fish Consumption Drinking Water
) . EPA's DEQ's Oak Ridge
Epgfgii?;mNm?C DE(ggSai?:; /m;)?c oL |Teewater| 2000 | 2004 | National [ Outaiioos Outfall 004  Outfall 004  Outfall 004
PRGs NRWQC AWQC | Laboratory's

Analyte 17.5 g/day| 175 g/day | 17.5 g/day| 175 g/day (chronic) | (chronic) | Tier Il SCV 11/24/2004 12/14/2004 1/18/2005 3/29/2005
Aroclors
Aroclor 1016 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -~ 0.00096 | 0.000014 0.000014 - 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1221 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00028 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1232 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.00058 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1242 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000053 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1248 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000081 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1254 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014  0.000033 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclor 1260 6.4E-08 6.4E-09 6.4E-08 6.4E-09 -- 0.000034| 0.000014 0.000014 0.094 0.00096 U 0.00096 U 0.00096 U 0.00096 U
Aroclors 6.4E-08 6.4E-09 6.4E-08 6.4E-09 0.0005 0.000034| 0.000014 0.000014 0.00014 0.00096 UT 0.00096 UT  0.00096 UT 0.00096 UT
Conventionals
Chloride - - - - - - - - - 144 69.1 58.9 43.9
Perchlorate - - - - - 0.245 - - - 0.038 0.038 0.0059 0.0029
Metals
Chromium hexavalent - -- - -- - 0.11 0.011 0.011 -- 0.0233 0.0264 0.017 0.018
Chromium - - - - 0.01 - - - - - - - -
Iron - - - - - - - - - 4.86 4.91 3.84 1.67
Manganese 0.1 0.01 0.1 0.01 0.05 0.88 - - 0.12 0.0776 0.0821 0.0633 0.0324
Mercury - -- 0.000146 1.46E-05 0.002 0.011| 0.00077 0.000012 0.0013 0.0002 U 0.0002 U 0.0002 U 0.0002 U
PAHs
Acenaphthene 0.99 0.099 0.99 0.099 0.0002 0.37 - 0.52 - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Acenaphthylene - - - - 0.0002 - - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Anthracene 40 4 40 4 0.0002 18 - - 0.00073 0.0097 U 0.015 U 0.0096 U 0.0096 U
Benz(a)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - 0.000027 0.0097 U 0.015 U 0.0096 U 0.0096 U
Benzo(a)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - 0.000014 0.0097 U 0.015 U 0.0096 U 0.0096 U
Benzo(b)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Benzo(g,h,i)perylene - -- - -- 0.0002 -- - -- -- 0.0097 U 0.015 U 0.0096 U 0.0096 U
Benzo(k)fluoranthene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  0.00092 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Chrysene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.0092 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Dibenz(a,h)anthracene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002  9.2E-06 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Fluoranthene 0.14 0.014 0.14 0.014|  0.0002 15 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Fluorene 5.3 0.53 5.3 0.53 0.0002 0.24] - - 0.0039 0.0097 U 0.015 U 0.0096 U 0.0096 U
High Molecular Weight PAH - -- - -- - -- - -- -- 0.0097 UT 0.015 UT 0.0096 UT 0.0096 UT
Indeno(1,2,3-cd)pyrene 0.000018  1.8E-06 0.000018  1.8E-06 0.0002 0.000092 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Low Molecular Weight PAH - -- - -- - -- - -- -- 0.0097 UT 0.015 UT 0.0096 UT 0.0096 UT
Naphthalene - - - - 0.0002 0.0062 - 0.62 0.012 0.0097 U 0.015 U 0.0096 U 0.0096 U
Phenanthrene - - - - 0.0002 - - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Polycyclic Aromatic Hydrocarbons - -- - -- - -- - -- -- 0.0097 UT 0.015 UT 0.0096 UT 0.0096 UT
Pyrene 4 0.4 4 0.4 0.0002 0.18 - - - 0.0097 U 0.015 U 0.0096 U 0.0096 U
Pesticides
4,4'-DDD 3.1E-07 3.1E-08 3.1E-07 3.1E-08 - 0.00028 - - 0.000011 0.0000096 0.000056 0.000041 0.000023
4,4'-DDE 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002 - - - 0.000029 0.00024 0.00011 0.000052
4,4'-DDT 2.2E-07 2.2E-08 2.2E-07 2.2E-08 - 0.0002| 0.000001 0.000001  0.000013 0.000087 0.00068 0.0004 0.00016
Total of 4,4'-DDD, -DDE, -DDT - - - - - 0.0002 - - - 0.0001256 T 0.000976 T 0.000551 T 0.000235 T
Phenols
Pentachlorophenol 0.003 0.0003 0.003 0.0003 0.001  0.00056 0.015 - - 0.024 U 0.036 U 0.024 U 0.024 U
VOCs
Chlorobenzene 1.6 0.16 1.6 0.16 0.1 0.11 - 0.05 0.064 0.005 U 0.005 U 0.005 U 0.005 U
Notes:

The perchlorate SLV of 3.6 ppb in the JSCS was replaced with EPA's DWEL of 24.5 ppb
Bold Fonts indicates the Human Health Fish Consumption screening level value used for screening (JSCS Screening Leve
Italic Fonts indicates the Human Health Drinking Water screening level value used for screening (JSCS Screening Levels f
Underline Font indicates the Ecological Receptor screening level value used for screening (JSCS Screening Levles for Water)
indicates an exceedance of more than one screening level value.

Integral<onsulting,¥nc. Page 6 of 6



APPENDIX B

Quality Assurance<Project Plan



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

SECTION A: PROJECT MANAGEMENT

Al TITLE AND APPROVAL SHEET

ARKEMA,¥NC
STORMWATER INTERIM REMEDIAL MEASURES WORKPLAN

Quality Assurancedroject Plan Approvals

DEQ Project Coordinator: Matt McClincy Date:
Arkema Project Manager:e Larry Pattersone Date:
Integral ProjectdMlanager:o David Livermore Date:
Integral Task Mananger:e Mike Martin Date:
Integral Projectd)A Manager: Laura Jones Date:
CAS Project Manager: Abbie&pielman Date:

CAS QA Manager: Lee Wolf Date:

Integral Consulting,¥nc.~ A-1



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

A2 TABLE OF CONTENTS

SECTION A: PROJECT MANAGEMENT........eerennenenststssstssssssssssssssesssesesesenens A-1
A1 TITLE AND APPROVAL SHEET ......cccccoiiiiiiiiiiiiiiiiccicccces A-1
A2 TABLE OF CONTENTSO.......c.ccviiiiiiiiiiiiiiiciciiiccccssc e A-2
A3 DISTRIBUTION LIST ..ot A-6
A4 INTRODUCTION@AND PROJECT AND TASK&ORGANIZATION................... A-7
A5 TASK DESCRIPTIONG........ccoovitiiiiiitiiiiiieicice et sen s A-8
A6 QUALITY OBJECTIVESAAND CRITERIA FOR MEASUREMENT DATA.......... A-9
A6.1 Data Quality INdicators ........cccccovviuiiiniiiiiiiicicccccce A-9
A8 DOCUMENTS AND RECORDS. .........ccccoeieieieieieteteteieteteecsccsscnncenes A-12
A8.1 Field Documentation...........cccoueuiiiiiiiiiiininiiiiiccccces A-12
A8.2 Laboratory Documentation...........cocoeveveveieiiiiieiiieiciecccccccccccc A-12
A8.3 Datad)uality Documentation...........cccoeccevivieueinininieinneccineeceeeees A-13
SECTION B: DATA GENERATION AND ACQUISITION.........cocerererererernrnrnrnsnsnenennes B-1
B1 SAMPLING PROCESS DESIGN .......c.coiiiiiieiiiiiiciciciicicicccccssesses B-1
B1.1 Stormwater Sampling@.........cccccevviiuiiiiniiiiniiiii B-1
B1.2 Catch Basindediment Sampling ............cccocoeveieieiiiniiicccccccccccc B-1
B1.3 Optional Sampling ........cccoceeiiiinininiice s B-2
B2 SAMPLING METHODS..........ccooiiiiiiiiiiiiiciccnc e B-2
B3 SAMPLE HANDLING@AND CUSTODY........ccooiiiiiiiiiniiininieieese e B-3
B4 ANALYTICALMETHODS ........ccooiiiiiiiicccctcccccicc e B-3
B4.1 Chemical ANalySes........cccciiiiiinininiiniinnee s B-3
B5 QUALITY CONTROL .....cooiiiiiiiiiiiccc s B-4
B5.1 FieldfQualitye€Control Samples..........cccocoeveieieieieieicieieicccccccccccee B-5
B5.2 Laboratory Quality Control..........ccocceiiiiiiiiiiniiiccccens B-5
B6 INSTRUMENT/EQUIPMENT TESTING,dNSPECTION, AND MAINTENANCEB-5
B7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCYao.................. B-6
B8 INSPECTION/ACCEPTANCE&F SUPPLIES AND CONSUMABLES................ B-6
B9 DATA MANAGEMENT ..o B-7
B9.1 Field Data .......ccccoviiiiiiiiiiiiicccccc s B-7
B9.2 Laboratory Data..........cccceiiiiiiiiniiiiiiiii B-7
SECTION C: ASSESSMENTSAND OVERSIGHT ..........ceerietrrntnrnnstenenenenenenenenenenenes C-1
C1 ASSESSMENTS@AND RESPONSE ACTIONS.........ccoooiiiicccccicias C-1
C2 REPORTS TO MANAGEMENT ..o, C-2
SECTION D: DATA VALIDATION AND USABILITY .....ccounneeerentreneresnnnnnenenssesenes D-1
D1 CRITERIA FORDATAREVIEW,&VERIFICATION, AND VALIDATION........... D-1
D2 VERIFICATION AND VALIDATIONMETHODS...........ccocooviiiiiiiiicciine, D-1
D3 RECONCILIATION WITH USER REQUIREMENTS@.........ccccovurviiiiriiiiiiiencicncnnes D-2

Integral Consulting,¥nc.~ A-2



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

SECTION E: REFERENCES. ......coviininririniiitninininisisisinisiisissesississsssssssssssssssssssesss E-1

ATTACHMENTd: Columbia Analytical&ervices.oQuality Assurance Manual
(Electronic Filese- Compact Disk)

Integral Consulting,¥nc.~ A-3



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

LIST OF TABLES

Table A4-1. Project Teame& ontactdnformatione

Table A5-1. Summaryaf Sampleseind ChemicaleAnalysese

Table A5-2. LaboratoryéVlethodse

Table A6-1. Measurementd)uality Objectivese

Table A6-2. Analyteseand Method&Reporting Limitsdor&tormwater Samplese

Table A6-3. Analytesaand Method&Reporting Limitsdor€Catch Basin Sedimentbamplese
Table B2-1. SampledContainerseind Preservation Requirementse

LIST OF FIGURES
Figureet-1. Project Organizational Charte

Integral Consulting,¥nc.~ A-4



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

ACRONYMS AND ABBREVIATIONS

BMPs Best Management Practicese

CAS ColumbiaeAnalytical Serviceso

COC chain-of-custodye

COlIs chemicalsef interesto

DDD dichlorodiphenyldichloroethaneo

DDE dichlorodiphenyldichloroethyleneo

DDT dichlorodiphenyltrichloroethaneo

DEQ Departmentef Environmental€Jualitye

DI deionizede

DQOs data qualityebjectiveso

EDD electronicalataaleliverableo

EPA U.S.EnvironmentalédrotectioneAgencyo
EQuIS™ Environmental€)uality Information&ystem

FCR tield correctionerecord

GC/ECD gas chromatography/electronecapturealetectione
GFAAS graphitedurnaceaatomic absorption spectrometryeo
GPC gel permeationehromatographye

HASPo Healtheand Safety Plan

ICP-AESe inductively coupled plasmae- atomicemissionspectrometryeo
JSCSe Joint Source€Controlétrategyeo

LIMS Laboratorydnformationdvlanagement&ysteme
MDL method detectiondimitse

MQOse measurement quality@bjectiveso

MRLo method reportingdimite

NISTe National Institutef Standardseand Technology
PARCC precision,@ccuracy,@epresentativeness,&ompleteness, comparabilitye
QAPPo QualityeAssuranced’roject Plane

QA/QCe quality assurance/qualityaontrol

RPD relativeepercentalifferenceo

SCRe StormwaterdCharacterizationdReporte

SLVse screening level valuese

SOPs standard operating procedures

TSSe total suspendedesolids

Integral Consulting,¥nc.~ A-5



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

A3 DISTRIBUTION LIST

DEQ ProjectéCoordinator:e Matt McClincy
Arkema Project Manager:e Larry Pattersone
Integral ProjectéMlanager:e David Livermore
Integral Stormwater Task Manager Mike Martin
Integral Project§)A Manager: Laura Jones
Integral Field Coordinator: Eron Dodak
Integral DatadManager: Maya Dessevao
CAS Laboratoryd’roject Manager: Abbie&pielman
CAS QA Manager: Lee Wolf

Integral Consulting,¥nc.~ A-6



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

A4 INTRODUCTION AND PROJECT AND TASK ORGANIZATION

This qualityeassurance project plan (QAPP) describes quality assurance/qualityeontrole
(QA/QC) procedures that will be used for stormwater and catch basin sedimente
activities, as well as optional particle size analysesaand surface soil sampling, to evaluate
potential stormwaterdreatment alternativesat the Arkema, Inc.Arkema), Portland,
Oregon Facility (Plant Site). This QAPP has been prepared in accordance with U.S.
Environmental Protection Agency (EPA) guidance for the preparationef)APPs
(USEPA 2002a).

The Plant Siteawas issuedeasnew NationaldollutantdDischargedlimination System
stormwater discharge permit by the Oregon Departmentaf Environmental Quality
(DEQ) on January®2,2004.0The permitewas issueddor the dischargeef stormaunoff
water from thedPlant Site. Stormeunoffewater hasedhe ability to erode any dirt or soil
that is exposed to it,¢husentraining particulates (suspended solids) within the
stormwater flows. If theseeparticulates contain chemicalsef interest (COls), the COlso
will become entrained withindghe stormwaterdlow. Furthermore, cracked or structurallye
defective storm sewer pipes canactas a point of entry and conduit forsubsurfacedCOls
to the seweralischarge point. Thus, as a condition of the permit,eArkema was requirede
to conducteastormwater characterization for legacy and 303(d)@onstituents for ael-yearo
period. On May 18,2005,eArkema submittedeastormwater characterization report (SCR)
to DEQ in compliance with its permit (Arkema 2005).0

Analytical resultsdrom the SCR were screened againstecreeningdevel values¢SLVs) set
forth by DEQ and the EPA in the Portlandddarbordoint Source Control Strategy
Document (JSCS; DEQ and USEPA 2005). Based on this screening, & Ols thatdhavedeen
detected in stormwaterat the Plant&itednclude:

e Perchlorate;

e Manganese;o

e Hexavalent chromium;
e 4,4'-DDE;

e 44’-DDD, ande

e 44-DDT.

The field effort will includeeaollectionef stormwaterdrom four outfallsdocated within
the Plantdite, sedimentdrom all catch basins and approximately®0 percent ofecatche
basin filter socksdocatedewithin the Plant Site, and optional stormwater particle size
(total suspended solids; TSS) analysis and surfacesoil sampling. Additional information
is provided in the Stormwater InterimeéRemedial MeasuredNorkplandthe Workplan)
(Integral 2006) which accompanies this document.
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Integral Consulting, Inc. (Integral) is conducting this work under contract with Arkema,
with direction from DEQ. The organizationalstructuredor thiseproject is illustrated in
Figure A4-1. Contact information is provided in Table A4-1.

A5 TASK DESCRIPTION

The tasks to be completed fordhiseproject include fieldwork, laboratoryenalyses, datae
qualityeevaluation, data management,alata analysis,e&and report preparation. Tasks thate
will be completedan the field, includingerelatedelocumentationeand QA/QC activities,o
are described in detail in the Workplan (Integral 2006).eThe following activities are
addressed in the Workplan:

e Samplingdocations;e

e Sampling equipment and methods;

e Sample identification;

e Sample processing methods;e

¢ Documentationef sample information and field activities;
¢ Sample handlingeand shipping procedures;

e Chain-of-custody (COC) procedures;

e Decontaminationeprocedures; and

¢ Handling and disposal of investigation-derived wastes.o

Integral will collect stormwater and catch basin sediment samples,along with optional
stormwater TSS and surface sedimentsamples,eand will prepare the samplesdor
delivery to the laboratory, a list of sampleseand analysesds provideddn TableeA5-1.
Sample locations are provided in Figure 1 of the Workplan.

ColumbiaeAnalytical Services (CAS) of Kelso, Washington, will performaall chemical and
physical analysesassociatedewith thestormwater,aatch basin sediments,eand optional
stormwater TSS and surface soil samples.o

Table A5-2 details analyses¢o be performed by the laboratory. Analyses will be
completed using EPA methods (USEPA 2006), as indicated in Table A5-2. Full
laboratory data reports will be provided in hard copy and electronic data deliverablese
(EDDs) will be provided in spreadsheetdormat as requireddor importing into the
database. The Environmental Quality Informationé&ystem (EQuIS™) database
application will be used to managedhedield and laboratory data.

Data verificationewill be completed by Integral for data generated in the field and by the
laboratory foralata generated during sample preparation and/orenalysis.eThe
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completeness of the final database will be verifieddy Integral. Data validation and data
qualityessessmentewill be completed by EcoChem of Seattle,dVashington. EcoChem
will also verifyedhe accuracyaf the laboratory EDDs.o

A6 QUALITY OBJECTIVES AND CRITERIA FOR MEASUREMENT
DATA

Data quality indicators such as the PARCC parametersdi.e., precision,accuracy or bias,®
representativeness,a&ompleteness,&comparability)fUSEPA 2002a)eaand analyticale
sensitivity will be used to assessaeconformancef data with qualityeontrol criteria.eData
qualityebjectives (DQOs)and quality control criteriaeare described in this section.

A6.1 Data Quality Indicators

The overall DQO fordhiseproject is to develop and implement procedures that will
ensure the collectionaf representative data of known and acceptable quality.eThe QA
procedures and measurementsdhat will be used for¢hiseproject are based on EPA
guidance (USEPA 2006). PARCC parametersearecommonlyaised to assess the quality of
environmentala@lata.oMeasurementeajuality objectives¢MQOs) for the quantitativeo
PARCC parameters,dias,¢recision,eandeompleteness,are provided in TableeA6-1.

Bias represents the degreed¢o which a measured concentrationeconformseto the reference
value. The resultsdorematrix&pikes, laboratory control samples, field blanks, ande
method blanks will be reviewed to evaluatedias®f the data.oThe following calculationds
used to determine percentaecovery for a matrix spike sample:

dJ

M —
%R = © % 100

C

%R =gercentaecovery

M =measuredaoncentrationdn the spikedgampleo

U  =measuredeoncentrationdn the unspikede
sampleo

C = concentration of the added spikeo

The followingeralculationds used to determine percent recoverydor a laboratory controle
sample or reference material:®

%R =

x 100
C
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%R =egercentaecovery

M = measured@oncentrationdn the reference
materiale
C = established referenceeroncentratione

Results for field and methoddlankseanaeflect systematic bias that results from
contamination@f samplesaluring collectionar analysis.©Any analytesaletected in field
or method blanks will be evaluated as potential indicators of bias.

Precision reflectse¢he reproducibilitydetween individualemeasurements of the sameo
property. Precision will be evaluated using the results of matrix spike duplicates,®
laboratory duplicates,dield splits, and field replicates. Precision is expressed in termse
of theeelative standardaleviationdord¢hree or more measurements and theaelativeo
percentdlifference¢RPD) foréawo measurements. The followingequation is used to
calculate the RPD between measurements:

[C1—C2l  x 1000

(C1+&2)/20
Ci = first measurement
C = secondeneasurement

RPD = relative percent difference

The relative standard deviation is the ratio of the standardaleviation of three or more
measurementsdo theaverage®f the measurements,e@xpressed as a percentage.

Completenessewill be calculated as theeratio of usable data (i.e., unqualified data and J-
qualifiedalata) to requested data, expressed as a percentage.

Additional laboratory&)C procedures will be evaluated to provide supplementary
information regarding overall quality®f the data, performanceefdnstruments and
measurementsaystems,aand sample-specific matrix effects.

QC samples and procedures are specified in each method protocol¢Table A5-2). All QC
requirements will be completedéy the laboratories as described in the protocols,
includingdhe following (as applicabledo each analysis):o

e Instrument tuning;e

e Initial calibration;e

e Initial calibrationeverification;®

e Continuing calibration;e

e (alibration or instrumentélanks;e

e Methoddlanks;e

e Laboratory control samples;
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e Internal standards;e
e Surrogate spikes;

e Serial dilutions;

e Matrix spikes; and

e Matrix spike duplicates or laboratory duplicates.

To alert the data user to possible biasr imprecision,alata qualifiersewill be applied to
reported analyte concentrationsewhenassociated QCsampleser procedures do not meet
control limits.eLaboratory control limitsdor the methods thatewill be used fore¢hise
investigation are provideddn Attachment 1. Dataevalidation criteriaeand procedures are
described in Sections D1 and D2 of this€)APP.

Method reporting limits (MRLs) reflectdhe sensitivityef the analysis. Target MRLs for
stormwater and catch basin sedimentsaire summarizeden Tables A6-2 and A6-3,
respectively.

Method detection limits (MDLs) havedeenaletermineddy CAS for each analyte, as
requiredédy USEPA (2006). MDLs aresstatistically derived and reflect the concentration
at which an analyte can be detected in a clean matrix with 99 percent confidence that a
false positiveaesultéhas not been reported. CAS has established MRLs at levels above
the MDLs fordhe project analytes.eTheseoralues are based on the laboratories’
experience analyzing environmental samples and reflect the typical sensitivity obtainede
by the analyticaleystem. The concentration®f the lowest standarddn the initial
calibrationeurvedor each analysis is at the level of the MRL. This allows reliable
quantificationef concentrations to the MRL. Analyteeoncentrationsdor this site
investigation will be reported¢o the MDL. Analytes detected at concentrationsédetweene
the MRL and the MDL will be reportedewith ad qualifierdo indicate that the value is an
estimate (i.e., the analyte concentration is below the calibrationaange). Non-detects will
be reported at the MRL. The MRL will be adjusted by the laboratory as necessary«¢o
reflect sample dilution or matrix interference.

Representativeness and comparability are qualitativedQA/QC parameters.o
Representativeness is the degree to whichalata representea characteristiceof an
environmental condition. In the field,eepresentativenessewillde addressed primarily in
the samplingalesign, by the selection oféampling sites and sampleaollectione
procedures. In the laboratory, representativeness will be ensured by the proper
handling and storage of samples and initiation of analysis withinéholding times.

Comparability is the qualitative similarity of one data set to anotherdi.e., the extent to
which different data setsecan be combined for use).eComparability will be addressed
through the use of field and laboratory methodsehat are consistentewith methodsende
procedures recommended by EPA that are commonly used for environmentalstudies.o
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A8 DOCUMENTS AND RECORDS

Records will be maintained documenting all activities and data related to field sampling
and chemical analyses at the laboratory. Results of data verification and validation
activities will also be documented. Procedures foralocumentationef theseactivities are
described in this section. The components of field documentation are discussedeén
Appendix A of the Workplan.

The Workplan, QAPP, and the health and safety plan (HASP),ewill be provided to every
project participant listed in Section A3.eAnyeaevisions or amendments to any of thee
documents thateomprise the Workplan will also be provided to these individuals.e

A8.1 Field Documentation

The Integral project managerewill ensure that the field team receives the finalapproved
version of the Workplan (including the HASP and this QAPP) prior to the initiation of
field activities. Field records that willdbe maintained include:

e Field log books;e

e Photo documentation;

¢ TField data and sample collectiondnformationdorms;

¢ TField change request forms (aseneeded);aand

e Sample tracking/chain of custody forms.

The content and use of thesealocuments are described in AppendixeA of the Workplan.

A8.2 Laboratory Documentation

All activities and results related to sampleanalysesowill be documented at the
laboratory. Internal laboratoryalocumentation procedures are described in CAS” QA
manual (Attachment 1).

CAS will provide a data package for each samplealelivery group or analysis batch that is
comparable in content to a full Contract Laboratory Program package. It will contain all
information requireddor a complete)Aaeview, includingdhe following:

e A coverdetter discussing analytical procedures andany
difficultiese¢that were encountered;

e A case narrative referencinger describing the procedures used
and discussing any analytical¢problemseand deviationsdrom
standard operatingeprocedures (SOPs) and this€)APP;

e Chain-of-custody and coolereeceiptdorms;
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e A summary of analyte concentrationsdto two significant figures,
unless otherwisequstified), method reportingdimits,eand method
detection limits;

e Laboratory data qualifierecodes appended to analyte
concentrations, as appropriate, and a summary of code
definitions;

e Sample preparation, extraction, dilution, and cleanupdogs;

e Instrument tuningalata;

e Initial and continuingealibrationalata, including instrument
printouts and quantificationsummaries,dor all analytes;

e Results for method and calibration blanks;

e Results for all QA/QC checks,dncluding surrogate spikes, internal
standards,daboratory controleamples, matrix spike samples,
matrix spike duplicate samples,eand laboratoryaluplicate or
triplicatesamples;

e Original data quantificationaeportsdor all analyses and samples;o

e All laboratoryeworksheets and standardsepreparation logs.

Data will be delivered in both hard-copy and electronicdormateo thedntegraldaboratorye
coordinator, who will be responsibledor@versightef data verification and validation

and for archiving the final data and data quality reports in the project file.oElectronic
data deliverables will be compatible with Integral's EQuIS™ database.

A8.3 Data Quality Documentation

Data verificationaand validation will be conducted in accordance with Guidance on
Environmental Data¥erificationwnd¥alidation (USEPA 2002b). The organic, inorganic,
and conventionalalata will be validated according to methodsalescribed in U.S. EPA’s
functional guidelines for organic and inorganic data review (USEPA 1999, 2002c).eData
validation will includeereview of the laboratory case narratives,dhe resultsdor the field
and laboratory quality control results, assessmentef completeness, a tabulated summary
of the qualifiersapplied to the data,eanden®verall assessmentef data quality. Data
validation will be subcontracted to EcoChem of Seattle, Washington. Dataevalidation
reports will be prepared by EcoChem and provided to the Integral qualityessurance
coordinator.

The quality assurance reports will be summarized in the datasummary report, which
will be provided to DEQ. Any limitations to the usability of the data will also be
discussed in this report.

All database entries provided by the laboratories will be verifiedagainst theevalidated
hard-copy data in thealata package. All changesd¢odhe databaseewill be recorded in the
database changedog. Any data tables prepared from the database for data users will
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include all data validation qualifiers¢hat were applied by the laboratories and during
data validation.
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SECTION B: DATA GENERATION AND ACQUISITION

B1 SAMPLING PROCESS DESIGN

Section 1.2 of the Workplanaletails¢heephasedapproach to address COIs in stormwatere
at the Plant Site. Stormwater samplesewill be collectede¢to help assess whether
demolition activitiesewereaa major source of COI mass to stormwaterand establish post-
demolition levels,eand to assessd¢heeffectivenessaf Best Management Practices¢BMPs).
Catch basin sediments will be collected¢o help assessewhere surface contamination may
be entering thestorm seweraystem and whetherdCOls are attributabledo surface or non-
surface sources.

B1.1 Stormwater Sampling

Three roundsef stormwatergamples will be collectedaat four different outfalls located
within the Plant&ite (Figure 1 of the Workplan). Stormwater samples will be collected
by methods detailed in Section 2.3 of the Workplan. Samples collected fromeeach outfall
will be analyzed for the following constituents:

e Total suspended solids (TSS);

e Dissolved perchlorate;

e Total/dissolved manganese;o

e Dissolved hexavalentehromium; and

e Total/dissolved 4,4-DDE, -DDD, and -DDT.

B1.2 Catch Basin Sediment Sampling

Sediment samplesewill be collected from 20 catch basins withinghe Plantd&ite (Figure 1 of
the Workplan). In addition, sedimentewill be collecteddrom the filter socks of
approximately 20 percent of the catch basins at the Plant&bite. These sedimentsowill be
analyzed for the following constituents:

e Totalsolids;e

e DPerchlorate;

e Manganese;®

e Hexavalent chromium; and

e 4,4-DDE, -DDD, and -DDT.
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B1.3 Optional Sampling

Additional sampling may be conducteddased on the preliminaryeesultsef the
stormwater sampling and the catch basin sedimentsampling.eThis additionaleampling
may includeeparticlesize analysis of TSS contained in stormwatereand/orsurface soil
sampling.

B1.3.1 Particle Size Analysis

A particlesize analysisowvill be conducteden stormwater samplesaollectedaluringehe
May 2006 outfall water samplingeventdfdteappears that enhancingdBMPs will not
adequatelyaaddress COls in stormwaterend if COIsare determined (based on the
analytical results) to be associatedewith stormwatereolids.

B1.3.2 Surface Soil Sampling

Surface soil sampling may be conducted pending the results of the catch basin sampling.e
Sampling locationsewould focus on currentlyaun- or under-delineated areasas described
in the Uplands RI, (ERM 2005)¢hat may have a high potential for contributing COlIs to
stormwater as indicated by the catch basin samplingaesults.

B2 SAMPLING METHODS

Field sampling methodsdor stormwater and catch basin sedimenteollection are
described in their respective sections of the Workplan. Standardeperating procedures
(SOPs) for each sampling method are provided in Appendix A of the Workplan.

Requirements for sampleaontainers, sample preservation, storage temperature, and
holding times are summarizeddn Table B2-1. All sample containers will have screw-
type lids to ensure adequatesealing of the bottles.oLidsefdhe glass containersewill have
Teflon inserts to prevent sample reactionewith the plastic lid and to improve the qualitye
of the seal.oWhen required,ereservative will be added to containerseat thedaboratory
prior to shipment to the sampling site.®

Commercially available, pre-cleaned jars will be used, and the laboratory will maintain a
record of certificationdromehe suppliers. The bottle shipment documentationewill
record batch numbers for the bottles. With this documentation,dottles can be traced to
the supplier, and bottle rinse blank results can be reviewed. The bottle documentation
from the laboratory will be included in the Integral project file.
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B3 SAMPLE HANDLING AND CUSTODY

The principal documents used to identify sampleseand to document possessionewill be
field logbooks and chain-of-custody (COC) records.eCustody will be documented for all
samples at all stages of theanalyticaler transfer process. Sample handling and COC
procedures prior to delivery to the laboratories are outlined in SOP-6 and SOP-7,
respectively (Appendix A of the Workplan).

Upon receiptef samples at each laboratory, the sampleananagerewill check for physical
integrityefdhe containerseand seals and inventory the samplesédy comparing sample
labels to thosean thedCOC forms. The laboratory will included¢he COC and cooler
receipt formsdén the datagpackage. Any breaks in the COC or non-conformances will be
noted and reported in writing to the Integral laboratory coordinatorewithin 24 hours of
receipt of the samples. CAS” QA manualgAttachment 1) includes proceduresaised for
accepting custody of sampleseand documenting samples at thedaboratory. The
laboratory projectemanagerewill ensure that a sample-tracking record is maintained that
follows each sample throughell stagesaf samplegrocessinget the laboratory.

The laboratory will maintaindCOC documentationeand documentation ofeproperstorageo
conditions for the entire time that the samples are in its possession.eThe laboratory will
store the excess samplesdor a minimumef& months following completion of data
validation.

The laboratory will not dispose of the samples ford¢hiseproject until authorized to do so
by the Integraldaboratory coordinator. The laboratory will dispose@f samples,as
appropriate, based on matrix,analytical results, and information received from the
client. If determined to be hazardous, remaining samples will enter the appropriate
laboratory waste streams.o

B4 ANALYTICAL METHODS

The laboratory methods that will be used to complete the stormwatereand catch basin
sediment testing are described below.o

B4.1 Chemical Analyses

Stormwatersamplesewill be analyzed for TSS, dissolvedeperchlorate, total and dissolved
manganese,alissolved hexavalenteehromium, and total and dissolvedst,4’-DDT, -DDE,
and -DDD.eCatch basin sediment samplesowill be analyzeddordotal solids, perchlorate,
manganese,dexavalentehromium, and 4,4’-DDT, -DDE, and -DDD. Columbiae
Analytical ServicesCAS; Kelso, WA) will completeall chemical analyses.eLaboratory
methods for sample preparation and analysis are summarized in Table A5-2 and
described in the following sections. Sample containers, preservation, and holding times
are provided in Table B2-1.
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B4.1.1 Conventional Analyses

Total suspended solids (TSS) in stormwater samplesewill be analyzed gravimetricallyo
according to EPA SW846 Method 160.2.eTotal solids in catch basin sedimentsewill be
determined according to PSEP (1986).0

B4.1.2 Inorganic Analyses

Stormwater and catch basin sedimentsewill be analyzed foreperchlorateaaccordingeo
EPA Method 314.0.eStormwater samplesewill be filtered at the laboratory and catch
basin sedimentsewill undergo a deionized (DI) waterdeachextraction,as specified in the
method, and analyzed by ion chromatography.e

Analysis for hexavalentehromium in stormwatergamples will be completeddy
coprecipitationaf the hexavalentehromium as lead chromate with lead sulfatedn a
solution of acetic acid. The chromium-containing precipitate will be washed to remove
trivalent chromiuman solution. The precipitateewill be redissolvedeand analyzed by
graphite furnace atomic absorption spectrometry (GFAAS) according to EPA Method
7191.eCatch basin sedimentsamplesewill undergoan alkaline digestion extractioneand
the extracts will be analyzed by colorimetryaccordinge¢o EPA Method 7196A.

B4.1.3 Metals

Stormwater and catch basin sedimentsamples willde analyzed for manganesee
according to EPA SW846 Method 6010B using inductively-coupledeplasma — atomic
emission spectrometry¢ICP-AES).

B4.1.4 Organochlorine Pesticides

Stormwater and catch basin sedimentsamples willde analyzed for 4,4’-DDT,et,4’-DDE, o
andet,4’-DDD using EPA SW846 Method 8081A.eSamples will be extractedaising
sonication. Gel permeation chromatography (GPC) will be used to remove large organic
interferents, and sulfur cleanup will be completed if necessary using
tetrabutylammonium sulfite. Samples will be analyzed by gas chromatographyewith an
electron capture detector (GC/ECD).

B5 QUALITY CONTROL

Quality controleamples will be prepared in the field andet¢hedaboratories to monitore
the bias and precision of the sampleaollectioneand analysis procedures.o
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B5.1 Field Quality Control Samples

QA/QC samples will be collected onceeer sampling method (e.g., stormwatereand catche
basin sediment).0QA/QC samples to be collected consist of:

e Orne field duplicate;

¢ Orne filtered equipment blank;

¢ One unfiltered equipmentédlank; and
¢  One DI waterdlank.

QA/QC samples will be prepared in accordance with the Standard Operating Procedure
for Quality Control Sample Preparation (SOP-10, Appendix A). Validationeriteria and
procedures for field QC samples are described in Sections D1 and D2 of this€)APP.

B5.2 Laboratory Quality Control

Extensive and detailedeequirementsdor laboratory QCeproceduresare provided in the
EPA protocols that will be used fordhisestudy (Table A5-2). Every method protocol
includes descriptions of QC procedures, and many incorporateeadditional QC
requirements by reference to separate€)C chapters.eQC requirements include control
limits and requirements for correctiveaction in many cases.eQC procedures will be
completed by the laboratories, as required in each protocol andasdndicated in this
QAPP.

For chemical analysis, the frequency of analysis fordaboratory control samples, matrix
spike samples, matrixepikealuplicateser laboratory duplicates,eand methoddlanks will
be one for every 20 samplesar one per extraction batch, whicheverds more frequent.
Surrogate spikes and internalstandardsewill be added to everydield sample and QC
sample, as required.eCalibrationgrocedures will be completed at the frequency
specified in each method description. As requireddor EPA SW846 methods,®
performance-based control limitséhavedeen established by the laboratories. These ande
all other control limits specified in the method descriptions will be used by the
laboratory to establish theacceptability of the dataer the needdor reanalysisef the
samples. Laboratory controldimits for recoveriesf surrogate compounds, matrix
spikes, and laboratoryaontrolsamples, and for relativeepercent differenceefanatrix
spike duplicates and laboratoryaluplicates,are provided in Attachment 1 of this QAPP.

B6 INSTRUMENT/EQUIPMENT TESTING, INSPECTION, AND
MAINTENANCE

Analytical instrument testing,dnspection, maintenance,setup, and calibrationewill be
conducted by the laboratory in accordance with theaequirements identified in the
laboratories” SOPs and manufacturer instructions.eln addition,each of thespecified

Integral<€onsulting, ¥nc.~ B-5



Quality AssuranceProject Plan~
Arkema Facility,Portland, ©regon~ May 2006

analytical methods provides protocolsdor proper instrument setup and tuning,eand
critical@perating parameters. Instrumentemaintenanceeand repair will be documented
in maintenancedog or record books.

B7 INSTRUMENT/EQUIPMENT CALIBRATION AND FREQUENCY

Laboratory instruments will be properlyealibrated,eand the calibrationewill be verifiede
with appropriate check standards and calibration blanks for each parameter before
beginning each analysis.eInstrumenteralibration procedures and schedules will conform
to analytical protocol requirementsend descriptions provided in CAS” QA manual
(Attachment 1).

All calibrationsstandardsewill be obtaineddrom either the EPA repositoryer a
commercial vendor, and the laboratories will maintain traceability back¢o the National
Institute of Standards and Technology (NIST).eStockstandardsewill be used to makeeo
intermediate standardseand calibrationstandards.eSpecial attentionewill be given to
expiration dating,eproperdabeling,eproperaefrigeration,eand prevention of
contamination.eDocumentation relating to the receipt, mixing, and use of standardsewill
be recorded in a laboratory logbook. All calibrationeand spiking standardsewill be
checked againstetandardsdrom anothersource.

B8 INSPECTION/ACCEPTANCE OF SUPPLIES AND CONSUMABLES

The quality of supplies and consumablesaised during sample collection and laboratory
analysis can affect the quality®f the project data. All equipment thateomes into contacte
with the sampleseand extractsemust be sufficientlyelean to prevent detectable
contamination,end the analyte concentrationsemustde accurate in all standards used for
calibrationeand quality control purposes.o

During sample collection,solvents of appropriate,alocumented purity will be used fore
decontamination.eSolvent containersewill be dated and initialed when they are opened.
The quality of laboratory water used for decontamination will be documented at theo
laboratories. Cleaned and documented sample containersewillde provideddy the
laboratories. All containers will be visually inspectedeprior to use, and any suspect
containers will be discarded.o

Reagents of appropriate purity and suitably cleaned laboratory equipment will also be
used for all stages of laboratory analyses. Details for acceptance requirementsdor
supplies and consumables at thedaboratories are provided in the laboratory SOPs and
QA plans. All supplies will be obtained fromaeputablesuppliersewith appropriate
documentation or certification.eSupplies will be inspected to confirm that they meet use
requirements, and certification recordsewill be retainedédy Integral (i.e., forsupplies
used in the field) or the laboratory.
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B9 DATA MANAGEMENT

Data for this project will be generated in the field and at the laboratory. The final
repository forsample information for the sample collection efforts will be an EQuIS™
database. Procedures to be used to transferalata from the point@fezenerationdo the
EQuIS™ database are described in this section. Finalalata will be combinedewith
historical data, and summarydables will be createdaising EQuIS™.

B9.1 Field Data

Data thatare generated during sample collectioneand preparation will be manually
entered into the field logbook, sample collection forms, and COC forms. Data from
these sources will be entered into the EQuIS™ databasealirectly from the field logbooke
and sampleaollectiondorms. These data include station location coordinates,station
names, sampling dates, sample identification codes,aand additionalstationeand sampleo
information (e.g., sampledype, field replicate number). All entriesewill be reviewed for
accuracy and completeness by a second individual, and any errors will be corrected
before the data are approveddoraeleasedo dataaisers.

B9.2 Laboratory Data

A variety of manually entered and electronicénstrument data are generated at theo
laboratory. Data are manuallyentered into:

e Standard logbooks;

e Storage temperature logs;

¢ Balance calibration logs;

e Instrument logs;

e Sample preparation and analysis worksheets;o
¢ Maintenancedogs; and

e Individual laboratoryenotebooks.

All manual data entry into the Laboratory Information Management System (LIMS) is
proofed at the laboratory. All data collected fromeach laboratory instrument, eithere
manually or electronically,@reaeviewedaand confirmed by analysts before reporting.o
Forms IV-X for validated data packagesareegenerated in the laboratory and reviewed
for correctness in interpretation,e&onformanceewith QA requirements, and completeness.
Once the data havedeenaccepted, the final results are released to the LIMSdor
reporting. The LIMS is used to generate the EDD as well as Formsd-III fordhe data
package, providing a single source for reporting of chemical data. The EDD is further
spot-checked against the hard copy to ensure that the correctalata set is reported for
both. A detailed description of procedures for laboratoryalata managementeand data
review and verificationare provided in CAS” QA manual (Attachment 1).
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Laboratory data will be entered directly into the EQuIS™ database from theé€EDD. A
database printoutewillde used to verify database entries againste¢he hard-copy
laboratory data packages.
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SECTION C: ASSESSMENT AND OVERSIGHT

This project will rely heavily on the knowledge and experience of the project team. The
tield team and laboratories will stay in close verbaleontact with the Integral project and
taskemanagerseand QA manager duringell phases of the project. This level of
communicationewill serve tokeepdhe managementdeamanformed of activities and
events, and will allow fordnformal buteontinuouseproject oversight.eFew scheduled
assessmentactivities are planned for this project because the scope of the sampling ande
analysis efforteand the size®f the project team are relatively small.

Cl ASSESSMENTS AND RESPONSE ACTIONS

Assessmentanctivities will includeaeadinessaeviews prior to sampling and prior to
release of the final data to the data users, and internaleeviewewhileework isaneprogress.
An informal technical systemsaudit may be conducted if problems are encountered
during any phase of thiseproject.

Readiness reviews are conducted to ensure that all necessary preparations havedeene
made for efficientaand effectiveeompletion@feachariticalephase of project work. The
tirst readiness review will be conductedeprior to field sampling. The field coordinator
will verifyehat all field equipment is ready for transferd¢o the site. The field coordinatore
will also verifydhat thedield team and subcontractorséhavedeenscheduled and briefed
and that theeontracts for the subcontractors havedeensigned by both parties. Any
deficiencies noted during this readiness review will be correctedeprior to initiation of
sampling activities.

The second readiness review will be completed before final data are releaseddorause.

The data managerewill verify that all results havedeenaeceived from the laboratory,

data validation and dataqqualityessessmentdavedeenaompleted for all of the data, ande
data qualifierséhavedeenentered into the database and verified. Any deficiencies noted
during this reviewewill be corrected by the data manager, the Integral QA manager, or
their designee. Data will not be released for final useaintileall data havedeen verifiede
and validated. No reportewill be prepareddn conjunction with the readiness reviews.
However, the project manager and dataausers will be notified when thealata are ready
for use.

Technical reviewef intermediate and final work products generateddor thiseproject will
be completed throughout the course of all sampling, laboratory,alata validation,alata
management,@nd datadnterpretationectivities to ensure that every phaseaf work is
accurate and complete and follows the QA procedures outlined in this QAPP. Any
problems that are encountered will be resolved between the reviewer and the person
completing the work. Anyeproblemse¢hat cannotée easily resolved or that affect the
final qualityef the work product will be broughtdo the attentionef the Integral and
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Arkema projectananagers.oEPA will be notified of any problemsdhatanay affect the
final outcomewf the project.o

The laboratory has implemented a review system that serves as a formal surveillanceo
mechanism for all laboratoryectivities. Each phase@fewvork is reviewed by a supervisor
before itdsaapproved foraelease. Details are provided in CAS” QA manual (Attachment
1).

Technical system audits may be conducted if serious problemsare encounteredeluring
sampling or analysis operations.olf completed,d¢heseaudits will be conducteddy the
Integral QA manager or designee or by the laboratory QA managers. These audits maye
consist of onsite reviews of any phase of field or laboratory activities or data
management.oResults of any audits will be provided in the data summaryeeport.

Any project team memberewho discovers or suspectsea non-conformance is responsibleo
for reporting the non-conformance to the project manager,¢he Integral QA manager, or
the laboratoryeprojecteor QA manager,as applicable. The project managerewill ensure
that no additionalevork dependent on the non-conforming activity is performedaintil a
confirmed non-conformance is corrected.

C2 REPORTS TO MANAGEMENT

Correctiveactions will be requireddf deviations from the methodser QA requirements
established in the Workplanerdhis QAPP are encountered.eWhen a non-conformance is
identified, correctiveaction will be takendmmediately,@f possible. The project managere
will be contacted and, if necessary, willgprovideassistancedn resolving the issue. A
formal correctiveaction plan is not likely to be requireddor a project of this limited
scope. However, anyenon-conformance issue that ultimately affects the qualityef the
data or results in a change®f scope in the work described in the Workplan, including
this QAPP, will be documented in thedield log or field correctionaecord (FCR) to the
project manager. This documentationewill serve as a CorrectiveeActionReport. A
description of the non-conformancedssue, the attemptederesolution, and any effects on
data quality or usabilityewill be provided in the data summaryaeport.

The laboratory has implemented routine systemsaf reporting non-conformance issuese
and their resolution. These procedures are described in CAS” QA manual (Attachment
1). Laboratory non-conformance issues will also be described in the datasummary
report if they affect the qualityef the project data.
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SECTION D: DATA VALIDATION AND USABILITY

Data generated in the field andete¢he laboratory will be verifiedeand validated according
to criteria and procedures described in this section.eDataaquality and usability will be
evaluated, and a discussion will be includedén the data summaryeeport.

D1 CRITERIA FOR DATA REVIEW, VERIFICATION, AND VALIDATION

Field and laboratory data for¢hiseproject will undergoe formal verificationeand
validation process. All entriesdanto thealatabase will be verified.eAll errorsd¢ound
during the verification of field data, laboratoryalata, and thealatabase will be correctede
prior to releaseaf thedinal data.

Data verificationaand validation for organic compoundseand metals will be completed
according to methods described in the functional guidelines for organic and inorganic
data review (USEPA 1999, 2002c).eDataewill be qualified as estimated as necessary if
results for laboratoryeontroléamples, matrix spike samples, and matrixepike or
laboratory duplicatesalo not meet measurement qualityebjectives provideddan Table A6-
3 or if control limits for any other QC sample or procedure do not meet performance-
based control limits. Performance-based control limits areestablishedeperiodicallydy
the laboratories. Currentaontrol limitsdor the laboratory are provided in Attachment 1
of this QAPP.

Results for field duplicatesewill be evaluated using the MQOs provided in Table A6-3.
Data will notde qualifiedaas estimated if the MQOsere exceeded, but RPD results will
be tabulated, and any exceedancesewill be discusseddn the datasummary report.
Equipment rinse blanks will be evaluated and dataequalifiersewillde applied in the same
manner as method blanks, as describeddn the functional guidelines for data review
(USEPA 1999, 2002c).o

Data will be rejected if control limits for acceptance of data are not met, as described in
USEPA (1999, 2002c).o

D2 VERIFICATION AND VALIDATION METHODS

Field data will be verifiedaluring preparation of samples and COCs. Field data ande
COCs will be reviewed by the field coordinator after the field effort is complete. After
field data areentered into the project database, 100 percent verification of the entries will
be completed to ensure theaaccuracy and completeness of the database. Any
discrepancies will be resolved before the final database is releaseddorause.

Procedures foreverificationeand validation of laboratory data and field QC samples will
be completed as described in the functionaleguidelineseand SOP for data validation
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(USEPA 1999, 2002b,2002c)eand summarizeddn Section D1, above. The accuracy and
completeness of the databaseewill be verifiedat thedaboratory when the£DDs are
prepared and again as partef data validation.eAll entries to thealatabase from the
laboratory EDDs will be checked againstd¢he hard-copy data packages. Data validation
will be completedédy EcoChem.

In addition to verificationef field and laboratory data and information, data qualifier
entries into thealatabase will be verified.oAny discrepancies will be resolveddefore the
final database is released for use.

Method reporting limit goals fordhiseproject are provided in Tables A6-1 and A6-2.
Reportingdimitsdor non-detects will be compared to the methodeeporting limit goals to
evaluate method sensitivity for each sample. Any exceedance of actual MRLs over the
target MRLs will be discussed in the data summaryeeport.

D3 RECONCILIATION WITH USER REQUIREMENTS

The goal of data validation is to determine the quality of each data point and to identify
data points thatalo notaneet the project MQOs. Nonconforming data may be qualifiede
as estimated or rejected as unusable during data validation if criteria for data quality are
not met. Rejected data will not be used for any purpose. An explanation®f the rejected
data will be included in the data summaryeeport.

Data qualified as estimatedewill be used to evaluate the site and will be appropriately
qualifieddn the final project database. These data are less preciseer less accurate than
unqualifiedalata. The dataaisers, in cooperation with the Integraleproject managereande
QA manager,are responsibledorassessing the effectf the inaccuracy or imprecision of
the qualified data on statisticalprocedures and other data uses forghisstudy.eThealata
qualityaliscussion in the data summary report will includeall available information
regarding the direction or magnitude of bias or the degree of imprecision forequalified
data to facilitate¢heassessmentef dataaisability. The data summaryeeportewill also
include a discussion of data limitations,eand theireffect on data interpretation activities.
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Table A4-1. Progct Team Contact Information.

Name Project Role Phone Fax Email
Arkema
arry Patterson Progct Manager 503-225-7210 503-225-7279 larry.patterson@kemagroup.com
Oregon Department of Environmental Quality
Matt McClincy Progct Manager 503-22%538 503-22%8 mcclincy.matt@@cptate.or.us
Integral Consulting
David lvermore Progct Manager 503-28-5545 x13 503-28-5755 dlivermorei@tegral-corp.com
Mike Martin Stormwater Task Manager 303-404-294 x23 303-404-285 mmartini@tegral-corp.com
bura dnes Progct & Coordinator 503-28-5545 x11 503.28.5755 Ipnesi@tegral-corp.com
Eron Dodak Health &afety Bicer &ld @erations Manager 503-28-5545 x14 503-28-5755 edodaki@tegral-corp.com
Reid Carscadden Senior Technical Advisor 206-230-800 x29 206-230-801 rcarscaddeni@tegral-corp.com
Columbia Analytical Services
Abbie Spielman kboratory Progct Manager 360-577-7222 360-636-1068 aspielmani@lso.caslab.com
ke Wolf dboratory & Manage 1 360-577-7222 360-636-1068 Iwolfi@lso.caslab.com




Table A5-1. Summary of Samples and Chemical Analyses

Number of Samples

Analysis Field Field Equipment DI Water Total
Samplesl Duplicates Rinse Blanks Blank ota
Stormwater
Total suspended solids (TSS) 12 3 3 3 21
Dissolved perchlorate 12 3 3 3 21
Total/dissolved manganese 24 6 6 6 42
Dissolved hexavalent chromium 12 3 3 3 21
Total/dissolved 4,4'-DDTs2 24 6 6 6 42
Catch Basin Sediment
Total solids 24 2 2 2 30
Perchlorate 24 2 2 2 30
Manganese 24 2 2 2 30
Hexavalent chromium 24 2 2 2 30
4,4-DDTs? 24 2 2 2 30
Optional Sampling
Stormwater particle size (TSS) 4 1 1 1 7

Surface soil®

Notes:

! Number of samples obtained from the Stormwater Interim Remedial Measure Workplan (Integral 2006).

% Includes 4,4'-DDT, 4,4-DDE, and 4,4'-DDD.

¥ Number of surface soil samples to be determined pending the results of the catch basin sampling.

DI - deionized



Table A5-2. Laboratory Methods.

Sample Preparation

Quantitative Analysis

Analytes Laboratory
Protocol Procedure Protocol Procedure
Stormwater
Conventional Analyses
Total suspended solids (TSS) CAS EPA 160.2 Filtration and drying EPA 160.2 Gravimetric
Inorganic Analyses
Dissolved perchlorate CAS EPA 314.0 Filtration, 0.45 um filter, if needed EPA 314.0 lon chromatography
Dissolved hexavalent chromium CAS EPA 7195 Coprecipitation EPA 7191 GFAAS
Metals
Total/dissolved manganese CAS EPA 3005 Acid digestion EPA 6010B ICP-AES
Organochlorine Pesticides
Total/dissolved 4,4'-DDTs" CAS EPA 3550B Sonication EPA 8081A Dual column GC/ECD
EPA 3630C Silica Gel Cleanup
EPA 3660B Sulfur cleanup
EPA 3630C Florisil® cleanup
Catch Basin Sediment
Inorganic Analyses
Perchlorate CAS EPA 314.0 DI water leach EPA 314.0 lon chromatography
Hexavalent chromium CAS EPA 3060A Alkaline digestion EPA 7196A Colorimetry
Metals
Manganese CAS EPA 3050B Acid digestion EPA 6010B ICP-AES
Organochlorine Pesticides
4,4-DDTs" CAS EPA 3550B Sonication EPA 8081A Dual column GC/ECD
EPA 3630C Silica Gel Cleanup
EPA 3660B Sulfur cleanup
EPA 3630C Florisil® cleanup
Notes:

! Includes the sum of 4,4'-DDT, 4,4'-DDE, and 4,4'-DDD.

CAS - Columbia Analytical Services
DI - deionized

ICP/AES - Inductively Coupled Plasma/Atomic Emission Spectroscopy

GC/ECD - Gas Chromatography/Electron Capture Detection
GFAAS - graphite furnace atomic absorption spectrometry



Table A6-1. Measurement Quality Objectives

. Bias Precision Completeness
Analysis
(percent) (RPD) (percent)

Stormwater Samples

Total suspended solids 75-125 +35 95

Dissolved perchlorate 75-125 +35 95

Dissolved hexavalent chromium 75-125 +20 95

Total/dissolved manganese 75-125 +20 95

Total/dissolved 4,4-DDTs" 30-150 +50 95
Catch Basin Sediment Samples

Perchlorate 75-125 +35 95

Hexavalent chromium 85-115 +35 95

Manganese 85-115 +35 95

4,4-DDTs' 30-150 50 95
Notes:

! Includes 4,4'-DDT, 4,4'-DDE, and 4,4'-DDD.

RPD - relative percent difference



Table A6-2. Analytes and Method Reporting Limits for Stormwater Samples

Analyte CAS number Units MDL? MRL
Conventional Analyses

Total suspended solids -- mg/L 1 5
Inorganic Analyses

Dissolved perchlorate 14797-73-0 ug/L 0.5 2

Dissolved hexavalent chromium 18540-29-9 ug/L 0.6 2
Metals

Total/dissolved manganese 7439-96-5 ug/L 2 5
Organochlorine Pesticides

Total/dissolved 4,4'-DDD 72-54-8 ug/L 0.004 0.01

Total/dissolved 4,4'-DDE 72-55-9 pg/L 0.003 0.01

Total/dissolved 4,4'-DDT 50-29-3 ug/L 0.005 0.01
Notes:

1 CAS registry numbers are unique numerical identifiers for chemical compounds. They are also referred to as CAS numbers, CAS RNs or CAS #s. Chemical Abstracts Service
(CAS), a division of the American Chemical Society, assigns these identifiers to every chemical that has been described in the literature. The intention is to make database
searches more convenient, as chemicals often have many names. Almost all molecule databases today allow searching by CAS number.

2 The laboratory’s current MDL is provided when an MDL study has been completed for the proposed method. When no MDL is provided, the laboratory will complete an
MDL study prior to analysis of samples for this project.

MDL - method detection limit
MRL - method reporting limit



Table A6-3. Analytes and Method Reporting Limits for Catch Basin Sediment Samples

Analyte CAS number* Units? mDL? MRL*
Inorganic Analyses
Perchlorate 14797-73-0 uag/kg 2 20
Hexavalent chromium 18540-29-9 mg/kg 0.05 0.5
Metals
Manganese 7439-96-5 mg/kg 0.3 1
Organochlorine Pesticides
4,4'-DDD 72-54-8 na/kg 0.093 1
4,4'-DDE 72-55-9 na/kg 0.076 1
4,4-DDT 50-29-3 ug/kg 0.17 1
Notes:

' cAas registry numbers are unique numerical identifiers for chemical compounds. They are also referred to as CAS numbers, CAS RNs or CAS #s.
Chemical Abstracts Service (CAS), a division of the American Chemical Society, assigns these identifiers to every chemical that has been described in
the literature. The intention is to make database searches more convenient, as chemicals often have many names. Almost all molecule databases today
allow searching by CAS number.

2 All units expressed on a dry weight basis.

® The laboratory's current MDL is provided when an MDL study has been completed for the proposed method. When no MDL is provided, the
laboratory will complete an MDL study prior to analysis of samples for this project.

* The MRL is provided on a dry-weight basis and assumes 50% moisture in the samples. The MRL for project samples will vary with moisture
content in the samples.

MDL - method detection limit
MRL - method reporting limit



Table B2-1. Sample Containers and Preservation Requirements

Container

Analysis Laboratory - Preservation Holding Time
Type Size
Stormwater
Total suspended solids CAS HDPE 1L 4+2°C 7 days
Dissolved perchlorate CAS HDPE 500 mL 4+2°C 28 days
Total manganese CAS HDPE 500 mL 1 mL of 1:1 HNOg; 4 + 2°C 6 months
Dissolved manganese CAS HDPE 500mL 1 mL of 1:1 HNOg; 4 + 2°C 6 months
Dissolved hexavalent chromium CAS HDPE 500 mL 4+2°C 24 hours
Total 4,4'-DDTs" CAS AG 1L 4+2°C 7/ 40 days®
Dissolved 4,4'-DDTs! CAS AG 1L 4+2°C 7140 days®
Catch Basin Sediments
Perchlorate CAS WMG 2 0z. 4+2°C 28 days
Manganese CAS WMG 8 oz. 4+2°C 6 months®
Hexavalent chromium CAS WMG 8 o0z. 4+2°C 28 days
4,4-DDTs* CAS WMG 8 oz. 4+2°C 14/ 40 days™*
Notes:

! Includes 4,4'-DDE, 4,4'-DDD, and 4,4'-DDT.

2The holding time is 7 days from collection to extraction and 40 days from extraction to analysis.

% Holding time for frozen samples is 1 year.

*The holding time is 14 days from collection to extraction and 40 days from extraction to analysis.

CAS - Columbia Analytical Services
AG - amber glass

HDPE - high density polyethylene
HNOs; - nitric acid

WMG - wide mouth glass
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STANDARD OPERATING PROCEDURE SOP-1:
CATCH BASIN SEDIMENT SAMPLING

Scope and Application

The procedures presented in this SOP are intended for collectingaepresentative samplese
of solids in shallow storm water catch basins with filter socks. If deeperaatch basins are
to be sampled,d¢he field teamdeader may need to modify the SOP to include the use of a
hand auger or similar devicedo collectd¢he samples.o

Supplies and Equipment
e Camera

e Stainless-steel scoop, trowel,@r&poon

e Large stainlessateelanixing bowl and spoon

e TapedMeasuree

e Stainless steel rod or disposableswooden dowels

e Laboratory-supplied sample containers, insulated coolers, and ice
e Ziploc® Bags

e Chain-of-custody forms, custody seals,sample labels

e TField logbook, catch basinsediment field collectiondorm, and pens

e Work Plan, Quality AssuranceeProject Plan (QAPP), and Health and Safety Plan
(HASP)

e DPPE (safety glasses, steel-toed boots, nitrile gloves, andeanyether items requirede
by the site HASP)

e Decontaminationanaterialse
Procedures

1. Gain access to the catch basin by moving the steel grate using a crowdar,éook,
or similar device.oNote: Depending on the size of the catch basin,dt may take
two people to safely movedhe grate.

Integral Consulting¥mc. 1-1
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10.

Record weather conditions at the time oféampling and thedast known rainfall
event(s)

Record locationefaratchdasin. Include potential solids or contaminantsources
such as construction activities, erosion, equipment storage or use, waste or
material storage,evehicles, exhaustevents, onsitegprocesses, etc.eSitedeatures,
distances, flowalirections, and gradientsshould be noted or sketched on a site
map. Photo-document the catch basin.

Record dimensions@f thearatch basin and sketchdhe inlet and outlet pipes. The
source of inletdlows and destination of@utletdlowsshould be noted, if known.e

Note the presence of water,evisibledlows, signs of flooding, clogging, debris in or
around the catch basin, blocked inlets/outlets, staining,etc.

Note any apparenteevidence of contaminationdn the catch basin, such as odor,
sheen, discoloration, etc. of water of solids

Measure the depths of solids in the catch basin and the total depth of the catch
basin@reump. Use a decontaminatedenetal rod or disposable woodenaloweldo
probe the total depth of the catch basin.

If there is standingewaterdn the catch basin, the water may be pumped out to
facilitate sampleaollection.ePump the water slowly from the top of the water
column and leave a thin layer of waterdn the catch basin so thatdhedine
sediments are not disturbed. Document all steps¢aken to remove waterdrom the
catch basin. The water is to be disposed of in accordance with the Work Plan and
SOP-11.

Using a decontaminated stainless steel spoon, scoop, or trowel, collect and equal
amount of material from five locationsdn the catch basin ordiltersock: each
corner (or if round, each compass point [i.e., north,south, east,eand west])aand
the center. Material recoveredet each point shouldde a compositeaf thedotal
depth of accumulated material, unlesstherwisespecified in the Work Plan.
Repeat as necessarydn order to obtain the requiredgsample volume. If the sample
is collected froman filter sock, be careful not to tear the filter material during
collection.e

If requireddoraanalysis, first collect VOC samples (prior to any homogenization)e
from a discrete location, placing the samplesdndhe appropriate-size containers.o
Label sample containers before filling in accordance with SOP-5.
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11.

12,

13.

14.

15.

16.

Place sampled solids into a decontaminatedstainlesssteelemixing bowl.oMix
thoroughly using a decontaminatedstainless steel spoon until the color and
texture are consistent throughout.o

Collect a suitable portionaf the mixed solids with a decontaminateder
disposable stainless steelapoonand place into each appropriate sampleo
container. Label sample containers before filling in accordance with SOP-5.

Describe the sediment in accordance with ASTM D2488 (SOP-12).

Complete all pertinent field QA/QC documentation, logbooks,and field data
sheets. Record any deviations from the specified sampling procedures or any
obstacles encountered.

Decontaminatedhe stainlessateel mixingdowl, scoop,&poon, and trowel in
accordance with SOP-9.

Package and ship sampleseaccording to procedures in the QAPP and SOP-6.
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STANDARD OPERATING PROCEDURE SOP-2:
OUTFALL WATER SAMPLING

Scope and Application

The followingeprocedures are designeddor samplingeutfallewater. Samples can be
collected fromstorm drains, outfalls, or flumes. The procedures may be modified by the
field team leader if site conditions (e.g., configurationef outfall) warrant it.

Supplies and Equipment

¢ Vacuum hand pump with new disposablediltration units

e Laboratory-supplied sample containers, insulated coolers, and ice
e Water quality meter and calibrationsolutions

e Ziploc® Bags

e Chain-of-custody forms, custody seals, sample labels

e Camera
o TField logbook, outfall water sample collection field data forms, and pens

e Work Plan, Quality Assurancee’roject Plan (QAPP), and Health and Safety Plan
(HASP)

e PPE (safety glasses, steel-toed boots, nitrile gloves, andenyather items requirede
by the site HASP)

e Decontaminationanaterialse
Procedures

1. Record weather conditions at the time ofsampling and last knowneain falle
event(s).

2. Record the location and sketch the configuration of the outfall. Photo-document
the outfall.

3. Gain access to the Parshall&lume structure. Note: If moving the outfall cover is
required,esafe removal of the cover willdikely take four peopleaand the use of a
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10.

11.

12.

large crow bar,ého0k, orsimilaralevice. Integral personnel are not trained in

confined space entry and will not, under any circumstances, enter the manholeo

or vault.

Estimate thedlow rate of the outfall in accordance with SOP-3.

Attach a newdaboratory-supplied sampleaontainerd¢o a samplingepole (e.g.,

swing sampler)aising the stainlessateelstrap on the end of thesampler (if

equipped) or similar device.eLabel sample containerséefore filling in accordance

with SOP-5.

Submerse sample bottle in water at thednletefd¢he Parshall Flumeewith
the mouth pointing upstream and below the watersurface. Be careful not
to touch the sides of the manhole or vault.

If volatilesrganic compound€¢VOC)analysis is required,eollectsamples
for VOCs usinge precleaned unpreserved glass sample bottle. Transfer
the contents of the sampledottle to 40-mL volatilesrganic analyte¢VOA)
vials making absolutely certain that there are no bubblesaadhering to the
sides or top of the VOA container and that there is no headspacedn the
container. Be sure to check that theewonditionaf samples is acceptabledn
the VOA containers before leaving each samplingsite. If any air bubblese
are present, the VOA sampleanust be retaken using a fresh sampleo
container.

Repeat steps 5 through 7 until all sample containersaredilled.

If field filtrationdor dissolved constituents is required, collectsamples in
a new laboratory-supplied unpreserved sample bottle and transferghe
water to a handepump filtration apparatus. After filtration, the water can
be transferred to the appropriatesampledottles.

If requireddy the Work Plan, collect an aliquot of water for measuringe
water quality parametersde.g., temperature,alissolved oxygen,epH,
turbidity,eand specific conductance) using a new unpreserved laboratory-
supplied sample container. Water qualityeparameters shouldée collectedo
immediately after the sampleds collected.o

Complete all pertinent field QA/QC documentation, logbooks,sample labels, and
tield data sheets.eRecord any deviationsdrom the specified sampling procedures

or any obstacles encountered.

Decontaminate the stainless steel strap and end of the sampling pole in
accordance with SOP-9.
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13. Package and ship samplesaccording to procedures in the QAPP and SOP-6.
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STANDARD OPERATING PROCEDURE SOP-3:
MEASUREMENT OF FLOW RATE IN OUTFALLS

Scope and Application

The followingeprocedures are designedeo estimate the flow rates in outfalls. The
outfalls at the Arkema Plant Site commonly«ontainea Parshalldlume, which is an open-
channel flow section in which the floweate can be estimated from the depth of waterdn
the flume.

Supplies and Equipment

e 27 x4” board,approximately®’ to 8, in length withean attachedd¢ape measureat
the bottom 2 ft board capable of estimating waterdevels.

e Electronic waterdevel meter

e Tape measureo

e Camera

e Field logbook and pens

e Work Plan and Health and Safety Plan¢ HASP)

e PPE (safety glasses, steel-toed boots, nitrile gloves, andeanyether items requirede
by the site HASP)

e Decontaminationanaterialse
Procedures

1. Record weather conditions at the time oféampling and thedast known rainfall
event(s).

2. Record the location and sketch the configuration of the outfall. Photo-document
the outfall.

3. Gain access to the inlet structureef the outfall. At this inlet structure is a drop
section approximately 1.5 to 2 feet deep. Note: If required,enoving the outfall
cover safely willdikely take four peopleand the use of a large crowdar,dhook, or
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similar device. Integral personnel are not trained in confined space entry and
will not, under any circumstances, enter the manholeer vault.

4. Measure the depth from the bottom of the inlet drop structure to the top of the
structure. Alsoaneasure, or if measurement is impossibleestimate, thedength ande
width of the drop structure. Then measure the depth from the top of the drop
structure to the top of the stream of water.

5. With the assistanceef Plant&itegpersonnel,@vacuate the drop structure of all
water to the extent possible.oRecord the water level, then estimatedhedime
requireddill the drop structure. The stormwater flowratearande estimated by
dividingghe volume of the drop structure filledéy the time it took to fill.
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consulting i, Revision 1/2006

integml

STANDARD OPERATING PROCEDURE SOP-4:
SURFACE SOIL SAMPLING

Scope and Application

The followingeprocedures are designeddo be used to collect surface soil samples (i.e., 0-4
inches below ground surface). Soil samples should be collecteddromareasdaving lower
levels of constituents®f interestdirst, followed by stations with higher expected levels of
constituents of interest.

Supplies and Equipment

e Stainless-steel scoop, trowel,@rgpoon

e Large stainlesssteelamixing bowl and spoon

e Laboratory-supplied sample containers, insulated coolers, and ice
e Chain-of-custody forms, custody seals,sample labels

e Ziploc® Bags

e Camera

e Tape measureo
e TField logbook, surfacesoildield collectiondorm, and pens

e Work Plan, Quality Assuranced’roject Plan (QAPP), and Health and Safety Plan
(HASP)

e DPPE (safety glasses, steel-toed boots, nitrile gloves, andeany@ther items requirede
by the site HASP)

e Decontaminationeequipment
Procedures

1. Locate the samplestationaas directed in the SAP. Label containers with sample
tags prior to filling in accordance with SOP-5. If analytical testingewill be
performed for volatile organic compounds¢VOCs), the VOC sample will be
collected first (with a minimumefalisturbance) by placing the sample into the
container with a minimumemount of headspace and sealeddightly.
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2.

10.

11.

12.

13.

14.

Expose the soil surface by clearing an approximatelyel -ft> areaat the samplinge
site of any rockser organic material greater than approximatelyd in. in size.®
Note any material removed from the sampling site in the field notebook.

Using a decontaminated stainless-steel sampling tool, excavate soil to the depth
specified in the work plan.

If requireddoranalysis, first collect VOC samples (prior to any homogenization)e
from a discrete location, placing the samplesdnd¢he appropriateerontainers. Label
sample containersdefore filling in accordance with SOP-5.

Place additional sample material in a decontaminatedeplastic or stainless-steel
mixing bowl.e

Thoroughly mix and homogenize the sample using disposable equipment or a
decontaminatedetainless-steel spoonaintil the color and texture are consistent
throughout.

If requireddoranalysis, first collect samplesdor gradation tests¢ ASTM D6913-
04el) before any large rocks are removed from the homogenizedsoil.

Rocks that are greater than 0.5 in. in diameter may be discarded from the
homogenized soil after they are positivelyddentified and theirepercentage
contributiongo the homogenized®oil volumedas been determined and noteddn
the field notebook.o

Remove samples of the homogenized soil from the mixing dish and place in the
appropriate size sample container. The sample containershouldée filledewith
soil to just below the container lip, and the containershould be sealed tightly.o
Label sample containers before filling in accordance with SOP-5.

Describe the soil in accordance with ASTM D2488 (SOP-12).

Mark the samplingsite with a wire flag, wooden stake,anetal rebar, or flagging,
as appropriate.

Complete all pertinent field QA/QC documentation, logbooks,&sample labels, and
field data sheets.oRecord any deviationsdrom the specified sampling procedures
or any obstacles encountered.

Decontaminateell samplingeequipmentgSOP-9).

Package and ship samplesaccording to procedures in the QAPP and SOP-6.
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STANDARD OPERATING PROCEDURES SOP-5:
SAMPLE LABELING

Scope and Application
This SOP describes the general Integraleprocedures for sampledabeling.

Supplies and Equipment
e Site logbook
e Chain-of-custody form(s)

e Sample labels

Procedures

Environmental samples will be labeled usingea unique designation systemeronsisting of:

e Sample identification number
e Tagexumbero

e Sample location identification.

The followingadescribes each of the numbers.

Sample ID Number

The sample ID number is a unique number that is generally assignedsix digits,
includinge two-digit media code and a four-digit number. Theeamediaeode may be site-
specific, butd¢he Integral default codesareas follows:

e SS—Surface soil

e BH - Subsurface soil or rock (typically from borehole)o
e  GW - Groundwater

e SW - Surface water

e PW —&oreavater

e BT - Biota or biologicaldissue

The exact sampledD numbering scheme may vary from projecteo project. Variances in
the sampleanumbering scheme will be described in the field sampling plan for the fielde
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effort. Each sample will be assigned a unique sample number. Note that in cases whereo
samples consist of multiple bottles from the samedocation, each bottle will be assigned
the samesampleenumber. Replicatesdrom the same location,éhowever,ewill be assigned
a different sampleenumber. The samplesnumber is recorded on the sampledabel the
chain-of-custodydorm, and the field log book. Examples of each can be found in
Appendix E.

Sample Tag Number

The sample tag number is a unique five- or six-digit number assigneddoeach sample
label (or “tag”) for multipledottles per sample. Integral sampledabels comeewith a pre-
printedsampledag number. The purpose of thedagenumber is to provide a unique
tracking number to a specific sample bottle. This allows for greater flexibilitydn tracking
sample bottles and assistsdn field qualityeontrolewhen filling out documentation ande
shipping. Sample tags are not used by many other consultants, and there may be
resistance from such firms during teaming situations. However, experienceéhas showne
that tagsecan be very valuable,doth in the field and while processing data from field
efforts.

Sample tag numbers will be recorded@n the sampledabel (typically pre-printed), the
chain-of-custodydorm (Appendix E),eand thedield log book (AppendixeE).e

Sample Location ID

The sample location ID is a unique designation thatddentifies where thesample was
collected. For sediment samples, thissnumber is frequently the stationdD (e.g., WB-10).
The sample location ID will also indicate if the sampleds a fieldequalityaontrol sample
(e.g., WB-10-DUP). The sample location ID is recorded in the field logbook only and is
not provided on the sampledabel or chain-of-custodydorm.

Sample Documentation

SOP-8 discusses thessampledabeling information that should be documented in the siteo
logbook. More®r less information may be requireden a site-specific basis.o
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STANDARD OPERATING PROCEDURE SOP-6:
SHIPPING AND HANDLING OF SAMPLES

Scope and Application

This SOP presents the procedures to be used when packing sampleseither for hand
delivery or for shipping to the laboratory.

Supplies and Equipment

e Work Plan

e Site logbook

e Sample logs

e Sample labels

¢ Indelible black ink pens

e Ziploc®bags

e Cooler

e Blue Ice® or other ice packs
e Strapping tape or duct tape
e Chain-of-custody forms

e Custody sealso

e Bubble wrap, newspaper,er other packing materiale

Procedures

Sample Preparation

The followingsteps shouldde followeddo ensure the proper transfer of samples from the
tield to the laboratory:

1. Appropriately document all samples using the proper logbooks (see SOP-8),
chain-of-custodydorms (see SOP-7), and sampledabeling techniques¢see SOP-5).

2. Make sure all applicable laboratory qualityaontrol sample designations havedeene
made on theehain-of-custody forms. Samples that will be archiveddordutureo
possible analysiseshould be clearly identified on theehain-of-custody form and
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should also be labeled as “Do Not Analyze: Hold and archive for possible future
analysis” as some laboratories interpret “archive” to meanaontinue holding the
residualeampleafter analysis.o

Notify the laboratory contact and the project QA/QC coordinatord¢hat sampleseare
being shipped and provide an estimated arrival time. Send copies of allehain-of-
custody forms to the QA/QC coordinatorer project manager,as appropriate.

If samples are to be stored overnight before shipping, they must be secured in a
locked room or other inaccessible area. The cooler should be sealed with a signed
and datedeustodyeeal as outlined in SOP-7. Before shipping, the Blue Ice® in the
cooler should be replaced and theeooler resealed according to the instructions in
this SOP.

Clean the outside of all dirty sample containers to remove any residual material
that may lead to cross-contamination.e

Prepare samplesdor shipment according to the appropriate procedures below.o

Samples to be hand-delivered to the laboratory:

1.

AT R R

Place each sampledn a plastic&iploc® bag and align the label so it can be easily
read. Seal thedag.

Place individual samples into the cooler so that each containerds safely secured.
Include enough ice packsdo maintain a temperatureaf 4°C or lower.
Complete a chain-of-custodydorm for the containerseand seal in a Ziploc® bag.

Tape bag containing the chain-of-custody form to the inside of the cooler lid.
Always transport the cooler togetherewith its accompanying chain-of-custody
form.

Close and latch cooler and affix signed custody seals over the edge of the lid and
the top of the cooler body at front and rear.

Deliver samples to the laboratoryeand obtain a signed copy of the chain-of-custody
form for tracking purposes.e

Samples to be shipped to the laboratory:

1.

Place each sampledn a plasticZiploc® bag and align the label so it can be easily
read. Seal thedag.

Wrap each sample with bubbleswrap,enewspaper,@r other packing material.o

Place individual samples into the cooler so that theaaddition of ice or Blue Ice®
and/or packing materials willepreventsignificant movement of samples during
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shipping. Keep in mind that thearooler may be inverted during shipment.eEach
container shouldéhave clearance on all sides.

4. Fill the void spaces with ice packs, bubbleawrap, newspaper, or other packing
material to ensuresamples do not breakaluring shipment.

5. Cover the head space inside the cooler with ice packs. Include enough ice packs to
maintain a temperatureef 4°C or lower.

6. Tape bag containing the chain-of-custody form to the inside of the cooler lid.
Remember to remove the last copy of the form fordracking purposes.

7. Close and latch cooler, and wrap cooler and lid with at least two turns of
strapping, duct, or packagingdape. Affix signed custody seals@ver the edge of the
lid and the top of the coolerdodyet front and rear and add additional tape around
the custody seals.

8. Label coolersawith up arrows and information to comply with DOT requirements.
All samples should be shipped to the laboratory priority overnightdy a shipping
company that provides a tracking numberde.g., FedEx).

9. Notify the laboratory approximately when and how many samplesewill arrive.o
The samplesanustde kept under refrigeration (orepacked with ice) between
sampling and analysis.

Integral Consulting¥nc. 6-3



consulting i, Revision 8/2005

integml

STANDARD OPERATING PROCEDURE SOP-7:
SAMPLE CUSTODY

Scope and Application

This SOP describes Integral procedures foraustodyenanagementf environmentale
samples. A stringent, established program of sampleehain-of-custody will be followede
during sample storage and shipping activities to account for each sample.oThe
procedure outlinedéherein will be useddn conjunction with SOP-8, which covers the use
of sample logbooks; SOP-5, which coversesample labeling; and SOP-6, whicheovers
sample packaging and shipping. Chain-of-custody forms ensure that samplesare
traceable fromdhe time of collection through processing and analysisaintil final
disposition. A sample is considered to be in a person’s custody if any of the following
criteriaaare met:

1. The sample isdndhe person’sepossession.o
2. The sample isanehe person’seview after being in possession.

3. The sample isdndhe person’sgossessionand is being transferreddo a designated
secure area.

4. The sample has been locked up to prevent tamperingefter it was in thegperson’se
possession.

Procedures

An example chain-of-custody form documents samplegpossessiondrom thedime of
collectionghrough the final dispositionefd¢he sample.eThe formealso provides
information to the laboratory regarding what analysesare to be performed ondhe
samples that are shipped.

The chain-of-custody form will be completedeftereeach fieldaollectionactivity and
before the samplesare shipped to the laboratory. Sampling personnel are responsible

for the care and custody@fd¢he samplesaintil they are shipped. When transferring
possession of the samples,d¢he individuals relinquishing and receiving the samples musto
sign the chain-of-custody form(s), indicating the time and datedhat the transfer occurs.o

The chain-of-custody forms each consists of 3-part NCR paperewithewhite,¢oyellow, ande
pink copies. Theginkaopy is kept by the sampler,aand the white and yellow are
included with the samplesdn the transfer container.eEach custody form has a uniqueet-
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digit number. This number and the samples on thedorm are recorded in the logbook.
The followingeguidelines are followed to ensure consistent shipping procedures and to

maintain the integrity of the samples:o

1.

Each chain-of-custody form must be appropriatelysigned and dated by the
sampling personnel. The person who relinquisheseustody of the samplesemust
also sign thisdorm.

The chain-of-custody form should not be signed until the information hasdeen
checked for inaccuraciesdy the lead sampler. All changes shouldde made by
drawing a singledine through the incorrect entry and initialing and dating it.
Revised entries should be made in the space below the entries.eOn thee
handwritten chain-of-custody forms, spaces remaining at thedottom of theepage
after correctionseare madeshould be marked out with single lines. This
procedure will precludeaany unauthorizedeadditions.o

At the bottomefeacharhain-of-custody form is a space for the signatures of the
persons relinquishing and receiving the samplesand the time and datedhatdheo
transfer occurred. The time that the samples wereaelinquished should match
exactly the timedhey wereaeceived by another party. Under no circumstances
should there be any time when custody of the samplesds undocumented.

If samples are sent by a commercial carrier not affiliated with the laboratory,
such as FederaleExpress or UPS, the name of theaarrier and air bill should be
recorded on the chain-of-custody forms, signed and copied, and sealed inside the
transfer container.e

If errors are found after the shipmentéhas left the custody@feampling personnel,
a corrected version of the forms must be prepared and sentdo all relevant parties.
Minor errorsaran be rectified by making the change on a copy of the original with
a brief explanationand signature.oErrors in the signature block may requirea
letter of explanation.e

Samples that are archived internally should be accompanied by a chain-of-
custody form. While sampleseemain in the sampler’seustody before being
shipped, alleontainersewill be kept in sight of sampling personnel or in a secured
area to preclude tampering with the samples.

Integral Consulting¥mc. 7-2



consulting i, Revision 8/2005

integml

STANDARD OPERATING PROCEDURE SOP-8:
SITE LOGBOOK

Scope and Application

This SOP describes the process for keeping a site logbook(s).eThe logbook is adpounde
notebook with consecutively numbered pages that cannot be removed. The logbook
should contain all-weathergaper, such as “Rite in the Rain®” brand notebooks. All
information relevant to field operations must be properly documentedd¢oensure that
activities are accounted for and can be reconstructed from written records.

The site logbook is issued by the project managerdor designee) to theappropriate site
personnel for the direction of onsite activities (e.g., reconnaissancesurvey team leader,
sampling teamdeader). It is the responsibility of this person (oralesignee) tokeepehe
site logbook currentewvhile in his or her possessionand return it to the project managere
or to anotherdield team member. Following the completion of all fieldwork,d¢he site
logbook is returneddo theeproject manager for inclusion in the permanentsite files.

Supplies and Equipment
¢ Rite-in-the-Rain® Logbook

e Indelible ink pen

Procedures

Several types of logbooks may be used for¢hisepurpose and should be consistently used
by field crewsde.g., field logbooks, sample logbooks, field data logbooks). Logbooks
will be labeled ongthe cover with the project name,a@lates@fdield work, and the project
number (or other number assigned by Integral). A separate bound logbook with
consecutively numbered pages will be used for each field project.oEachdogbookdor a
particular projectewill be numbered (e.g., Project Name-6tormwaterdnvestigation —Field
Logbook Number<).

The information recorded in each logbook will be written in indelible ink.d&ield
documentation should include@nly a factual description of site-related activitieseand
observationsanade. Field personnel should not include superfluousecommentser
speculation. All correctionsewill consist of a singledine-out deletion,dollowed by the
author’s initials and the date.
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The purpose of the field logbook is to document events that occur and record data
measured in the field to the extent that someoneanot present at the site can reconstructe
the activity without relyingeon the memoryf the field crew. Each page in the field
logbook will be initialed and dated by all persons making entrieseon that page. The
author will sign and datedhe last page at theeend of each day, and adineewill be drawne
through the remainder of the page. The logbooks,at a minimum,enust contain the
following information:e

1. A purpose and description of the field task

2. Project name,site name,&equentialdook number(s) (if they exist), and thestart
and end date on the cover of each logbook

3. Arrivalend departure times of field crew, major site equipment,eand visitors

4. The location and description of the work area, including sketches, map
references, and photograph log, if appropriate

5. The namesand titles of field personnel and anyoneeresent during the field
work,dncludingeheir affiliations

6. The name, agency,eand telephone number of any field contacts

7. The meteorological conditionsat the beginning of the field work andeanye
changes thateccur throughout the day,dncluding the approximate time of the
change

8. Detailsefdhe fieldeworkeperformed, with a descriptionef any deviations from
the work plan or standardeperating procedures

9. All field measurements made (unless a specific logbook or sampling form [i.e.,
borehole log or outfall wateresampling form] is available for thisepurpose),®
includingdhe time of measuremente

10. Any field resultsenot appearingdn the field data logbook, includingestatione
identification and location,alate, and time of measuremento

11. Cross-references of numbersdor duplicatessamples

12. References to@therdogbooks or field forms used to record informationde.g.,
station log, sampledog, healtheand safetydog, sampleaollectiondorms)

13. Sample shipment information (i.e., shipping manifests, chain-of-custody form
numbers, carrier, air bill numbers, time, addresses)

14. A recordef IDW quantities, storage and handlingeprocedures.

During the day, a summary of all site activities and level of personal protective
equipment shouldde recordeddn the logbook. The information need not duplicate
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anything recordeddn other field notebooks (e.g., Site Health and Safety Officer’s
notebook, calibrationdogbook, etc.), but should summarize the contents of the other
notebooks and refer to theegpage locations in theseanotebooks for detailed information.

If measurements are madeat any location, the measurementseand equipmentaisedemust
either be recorded in the site logbook or reference must be made to theanotebook ande
page number(s)@nevhichdhey are recorded. All maintenanceand calibration records
for equipmentshould be traceable through field recordsdo the person using the
instrument and to thespecific piece of instrumentation itself.

All entries should be made in indelible blue or blackepen. No erasures are permitted. If
an incorrect entry is made,¢he datashouldee crossed out with a single strikeemark, and
initialed and dated.

Field logbooks will be photocopied after each period in the field, and photocopies will
be stored in the project files. After field activities are completed, logbooks will be stored
in the permanenterojectdile. No bound logbooks should be discarded, even if they are
illegiblear contain inaccuracies that requirea replacementalocument.eWhenenoten use,
all logbooks will be stored in the permanenteproject file.

Photographs

In certain instances,¢photographsefeampling stationsenay be taken using a camera-lens
system with a perspective similar to the nakedeye.ePhotographsshoulddnclude a
measured scale in the picture,ewhen practical. The following items should be recordede
in the field logbook for each photograph taken:e

1. The photographer’s name,¢he date,d¢hedime of the photograph, and the generalo
direction faced (orientation)

2. A briefalescription of the subject and the fieldeworkeportrayeddn the pictureo

3. The sequentialenumber of the photograph and theearoll number on which itdse
contained

4. If digital photographs are collected, the file name,alate, file location, description,
orientation, and photographshould be recorded.

The slides, prints,er disks (as appropriate) and associated negativesewill be placed in the
project files after the filmds developed. Any supportingalocumentation from the fielde
logbooks will be photocopied and placed in the task files to accompany the slides,
prints, or disks.
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Equipment Calibration Records

Equipment calibrationarecords, includingeénstrument type and serial number, calibratione
supplies used,aalibrationemethodseand calibrationeresults, and date, time,eand personnel
performing the calibrationshould be recorded in the field logbook.eAt a minimum,
equipmentaisedaluring the investigation should be calibrated daily in accordance with
the manufacturers’@ecommendations.e
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STANDARD OPERATING PROCEDURE SOP-9:
EQUIPMENT DECONTAMINATION

Scope and Application

This SOP describes procedures for decontaminationef sampling equipment,alrilling
equipment, and other tools¢hat could come in contact with contaminated media (Ecology
2003,PSEP 1997). Personneleperforming the decontaminationgrocedures will wear
protective clothing as specified in the site-specific Health and Safety Plan.o

Supplies and Equipment

e Plastic sheetingo

e Steam cleaner and collectiondasin (ifeequired)o

e 55-gallon, DOT-approvedadrums (ifeequired)o

e Non-phosphate detergent (e.g., Alconox®ar Liquinox®)

e Acid rinses (inorganic constituents), either reagent-grade diluted nitric or
hydrochloric acid (if required)

¢ Solvent rinses¢organic constituents), either pesticide-grade methanol, hexane,o
isopropopanol@r acetone (if required)e

e Deionized or distilled waterarinse available from retail stores. Note that distilled
water generallyeontains lowdevelsef organic contaminantseand can not be used
for field blanks (must receive reagent-grade from laboratory).o

e Tap water rinse from local tap water.o

e 5-gallon buckets,@r other appropriate containers
e Scrub brushese

o Teflon™ squirt bottles

e Gloves (e.g., nitrile or polyethylene)o

e Personal protective clothing
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Procedures

Drill Rig or Test Pit Sampling Equipment Decontamination Procedures

1.

Decontaminatesamplingeequipmentdefore use, between samplesend stations,
and upon completion of sampling operations.

Equipment used during drilling/testepit operations should be decontaminateddn
the Exclusion Zone prior to transport to the Support Zone (refer to site-specific
HASP).

If thesteam-cleaning locationdsdnen area outsidewf the Exclusion&Zone,aemove
loose sediment on theadrill rig, augers, drill pipe,eand rods, and other large
equipment at the drill site, thenemove the equipment directly to the steam-cleaning
decontaminationarea foranore thorough cleaning.

To decontaminate a drill rig or backhoe,@ressure wash with a steamaleaner using
potable waterainse uponemobilization, between drillingdocations,eand upon
demobilization. Cleaning water can generally be allowed to drain directly on the
ground near the station (refer¢o the work plan).

To decontaminate auger,arilleods,eand other downholedools,eressure wash with
a steamaleaner and potable water rinse upon mobilization,detween drilling
locations, and upon demobilization. All decontaminationdluids are to be
containerized for proper disposal.

To decontaminate split-spoon andéhand-auger samplers,ewash with laboratory-
grade detergent/waterssolution,@inseawith tap watereand a final distilled water
rinse. If the samplers wereexposed to visibly contaminatedsediments (e.g.,o
creosote,aliesel, @tc), include a methanoleinse followed by a hexaneainse. A
hexaneainse should be followed by another distilled water rinse.oTo the extent
possible, allow to air dry prior to sampling. If thesplit-spoon is not used
immediately, wrap itdnealuminum foil.eAll decontamination fluids are to be
containerized for proper disposal.

Decontamination of Sampling Implements and Processing Materials

1.

Decontaminatessampling implements (e.g., spoons and knives) and othere
processingematerialssuch as mixing bowls and pans before use, between samples,
and upon completion of sampling operations.

To decontaminate sampling spoons, mixing bowls,eand other hand-held tools,
wash using a laboratory-grade detergent/water solution,@inseewith tap water,o
followed by distilled water or ASTMel'ype Il reagent-grade water.oAs described
above, if the sediment is visibly contaminated, a hexaneainse may be necessaryeo
following a methanol rinse to remove water. This is followed by anotheralistilled
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water rinse. To the extentepossible, allow to air dry. Once decontaminated,¢his
equipment will be wrappeddn aluminum foil to prevent contamination by
airborne contaminantsaduring transportation to thesampling site. Containerizeall
decontaminationdluids for proper disposal.o

3. To decontaminate sampling spoons used to collect volatile organics, wash the
spoon using a laboratory-grade detergent/watersolution, and rinse with distilled
water. Wrap the spoon in aluminum foil. The solvent rinses are eliminated in
order to avoid interference with the analysis.oContainerizeall decontamination
fluids for properalisposal.

4. If necessary,¢o decontaminateewash buckets, pressure wash with a steamaleaner
using a laboratory-grade detergent/watersolution and potable water rinsearpon
mobilization,detween stationdocations, upon demobilization,e@r as needed during
sampling operations.

References

Ecology. 2003. Sediment sampling and analysiseplan appendix. Guidanceen the
development of sedimentesampling and analysis plans meeting the requirements of thee
sediment managementstandardsgChapterel 73-204 WAC). Prepared by Washington State
Department of Ecology, Olympia, WA.

PSEP. 1997.ePuget Sound Estuary Program: recommended guidelines for sampling
marine sediment,ewatereolumns, and tissue in Puget Sound. Final report. Prepared fore
the Puget Sound Estuary Program, U.S. Environmentald’rotection Agency, Region 10,
Office of Puget Sound, Seattle, WA, and Puget Sound Water Quality Authority,&lympia,
WA.
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STANDARD OPERATING PROCEDURE SOP-10:
QUALITY CONTROL SAMPLE PREPARATION

Scope and Application

This SOP describes procedures for preparation of field quality control samples collectede
during field investigations as described in the Work Plan and the quality assurance
project plan (QAPP).

Supplies and Equipment

e Sample labels
e Indelible ink pens
e Master Sample Log and chain-of-custodydorms

e Sample bottles with preservatives (ifeequired)e

Procedures

The followingerocedures describe the preparationafevariouseypes of field qualitye
control samples. Although general collectiondrequencies are given below,¢he type and
number of quality control samples collected are dependent upon project specific
requirements.

Trip Blanks

Trip blanks are 40-milliliterg40-mL) glass sampledottles¢withseptum lids) filled in the
analytical laboratory with analyte-free water. They are shipped to the fieldewith the
empty sampleaoolers and stored with those bottles until they are used. Oneset of trip
blank samples is enclosed in each sampleaooler sent to the analyticaldaboratory that
contains volatile organicecompoundsamples for analysis. The field personnel do not
open or otherwise disturb these samplesexcept to label them with a sampleaaumber, if
required,@and prepare them for shipment with environmental samples. Trip blanks are
analyzed for volatile organic compounds only.

Equipment Rinsates

Equipment rinsates are collected by capturing the final distilled or de-ionized waterarinse
from equipment cleaning.eDecontaminationeprocedures are detailed in SOP-9. These
samples are collected during a samplingeventdy filling a full suite of environmental
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sample containersewith rinse water thatdhasdeen poured overdhe field equipment
(sample bowls, spoons, etc.) used during sample collection. The results are used to
determine thegpotential for cross-contamination after equipment decontamination.o
Equipment rinsate results areaeviewedaluring the data validation process. At a
minimum, one equipmentdlank will generally be collectedaluringeeach samplingevente
(where non-disposable equipment is used). Rinsate samplesare analyzed for the sameo
compounds as the related environmental samples.o

Field Blanks

Field blanks are collected in the field during sampling activities by fillingea full suite of
environmental sample containersewithanalyte-free distilled or de-ionized water, at theo
tield sampling location. At a minimum, one field blank is generally collectededuring each
sampling event. Field blanks are analyzeddor the same compounds as related
environmental samples.

Field Duplicates/Splits

Duplicates or splits, exceptdor volatile@rganiccompoundeanalyses, are collected,®
homogenized,eand split at the samplingdocation. Volatile organic compound sediment
samples are collected fromdhe length of the sedimentegrab or core, and placed
immediately into appropriate sample containers for packaging and shipmentdo theo
analytical laboratory. Duplicate watersamples are collected simultaneously by
alternately filling similar@sample bottles during the collection procedure. Duplicate
samples may either be submitted to the analyticaldaboratory as a blind sample, or may be
identified to the laboratory, depending on project objectives. At a minimum, one
duplicatesampleowill generallyde collectededuring each samplingevent for each typef
medium.eDuplicateeenvironmental samplesare analyzeddor the samesuite of analytes.o

Field Replicate Samples

Field replicate samples are collected as separatesamplesdrom the samedocation as theo
initial sample collected. Unlike duplicate/splitsamples,d¢hey are not subsamples of oneo
homogenous sample. They are collected and processed according to the same procedures
followeddordhe initial sample.eSimilar to the field duplicates, they may either be
submitted to the analyticaldaboratory as blind samples,@r may be identified as replicatee
samples, depending@neproject objectives. Replicate environmental samplesare analyzede
for the same suite of analytesas the initialsample.

Water Source Blanks

Water source blanks are collected during field sampling activities by fillinge full suite of
environmental sample containersewithewaterdrom the source used for decontaminatione
and steamaleaning using the sameeproceduresemployed for collection of environmental
watersamples.oAt a minimum,@ne water source blank is generallyaollectedaluring each
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samplingeventdgthe time frame determined by the arrival of sampling personnel at a
sampling area until those personnel leave) and from each sourcef water used in
decontaminationeand steamerleaning.oWater sourcedlanks are analyzed for the sameo
compounds as the related environmental samples.o
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STANDARD OPERATING PROCEDURE SOP-11:
INVESTIGATION-DERIVED WASTE HANDLING

Scope and Application

This SOP presents the methoddo be used when handling investigation-derived wastes
during field sampling activities.

Supplies and Equipment

e 55-gallon drums

e Paint markers

e Tools (to open and close drum)
e Ziploc®bags

e Drum labels.
Procedures

1. Solid wastes needing to be containerized will be placed in properly labeled,dOT-
approved, 55-gallon drums.

2. Sampling activities will generate personalerotective equipment{PPE) ande
miscellaneous debris that need to be disposed of.eGross contaminationewill be
removed fromehese items,eand the items will be placed in plastic bags. Interim
storage of theseanaterialsdn plastic bags is acceptable. Thedagsare to be disposed
of atenappropriatesolid waste facility dumpster at the end ofeeachalay.

3. Allfilleder partially fillededlrums must be properlyalosed, sealed, labeled, and
staged before demobilization. Full drums will be properly profiled and shipped
off site to a RCRA Subtitle C facility.
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STANDARD OPERATING PROCEDURE SOP-12:

BOREHOLE LOGGING AND FIELD CLASSIFICATION OF
SOILS AND SEDIMENT

Scope and Application

The followinggrocedures establish the minimum information that mustde recorded in
the field to adequatelyedocument soildoreholeeadvancement activities performed during
tield exploration.eThe boreholedog form must be filled out completely.o

This SOP presents the field classification@f soils to be used by Integral fieldstaff. In
general, Integraldhas adopteddhe proceduresgrovidedéneASTMeMethod D-2488-00
attached, StandardePracticedordescription and Identification of Soils. ASTM D-2488-00
uses the Unified Soil Classification&ystem (USCS) for naming soils. Field personnel are
encouraged to study theseeprocedures prior to initiationef field work.

Soil descriptions should be precise and comprehensive without being verbose.oThe
overall impression of the soil should not be distorted by excessive emphasise&on minor
constituents. In general, the similarities of consecutive soil samplesshould be
emphasized and minor differences de-emphasized.eThese descriptions will be used to
interpret aquifereproperties and other potential contaminant transport properties, rather
than interpret the exact mineralogy or tectonic environment. Integral is primarily
interested in engineering and geochemicalegroperties@f the soil.

Soil descriptions should be provided in the Soil Description column of the soil boringe
log for each sample collected. If there is no differencedetweeneonsecutive soil samples,
subsequentalescriptions can be noted as “sameasabove” or minor changes such as
“increasing sand” or “becomesalark brown” can be added.

The format and orderefeoil descriptions should be as follows:
e Group symbol—The group symbol should be placeddn the Unified Symbol

column.

e USCS group name—The USCS name should be identical to theeASTM D-2488-00
Group Nameewith the appropriate modifiers.

e Minor components.o
e Color.
e Moisture.

e Additional descriptions.
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Supplies and Equipment

e Soil log formdattached)

e  Munsell® soil colorechart
Procedures

1. The USCS is an engineering properties systemehataises grain size to classify
soils. The first major distinction is between fine-grained soils (more than
50 percent passingghedNo.€200 sieve [75 pm/0.029 in.]) and coarse-grained soils
(more than 50 percent retained by theéNo. 200 sieve). Small No. 200 sieves are
necessary to classify soils¢hatere neardhe cutoff size.

2. Fine-grained soils arearlassifiedas either silts or clays. Field determinations of
silts and clays are based on observations of dry strength, dilatancy, toughness,o®
and plasticity. Fieldeproceduresdor thesedestsare included in ASTM D-2488-00.0
If these testsaareaised, the results shouldde includeddn the soil description.oAt
least one complete round of field tests should be performed for a site if these
materials are encountered, preferably at the beginningef the field investigation.
The modifiers “fat” and “lean” are used by ASTM to describe soils of high and
low plasticity.eThe soil group symbols (i.e., CL, MH) already indicate plasticity
characteristics, and theseeamodifiers are not necessarydn the description. Soils
with high plasticity can be emphasized by describing them as “silty CLAY with
high plasticity.” Plasticity is an importantalescriptor becausedtdsaftenaised¢o
interpret whether an ML soil is acting as either a leaky or a competent aquitard.e
For example,aan ML soil can be dilatent/nonplasticaand serve as a transporte
pathway, or it can be highlyeplastic and very impervious.o

3. Coarse-grained soils areelassifiedes either predominantly gravel or sand, with
the No.et sieve (4.75 mm/0.19dn.) being the division. Modifiers are used to
describe the relative amounts of fine-grained soil, as noted below:

Description Percent¥ines¥ Group Symbol
Gravel (sand) <5 percent GW, GP (SW, SP)
Gravel (sand) with silt 5-15 percent Hyphenated
(clay) names

Silty (clayey) gravel (sand) >15 percent GM, GC (SM,, SC)

Integral Consulting¥mc. 12-2
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The gradation of a coarse-grained soilds included in the specificgoil name (i.e.,
fine to medium&AND with silt). Estimatingehe percent of size ranges following
the group name is encourageddor mixtures of silt sand and gravel. Use of the
modifiers “poorly graded”e@r “well graded” is not necessaryas they are
indicated by the group symbol.

A borderlinessymbol is shown with a slash (GM/SM). This symbol should be
used when thesoil cannotéde distinctly placed in either soil group. A borderlinee
symbol should also be used when describing interbedded soils of two or more
soil group names whenehe thickness of the beds are approximately equal,suche
as “interbeddeddenses and layers of fine sand and silt.” The use of a borderline
symbol should not be used indiscriminately. Every effort should be made to
place the soil into a singleegroup. (Oneevery helpful addition to the soil log form
description is the percentage@fsilt/sand/gravel.oEven if the geologistalidenot
have sufficientd¢ime to properlyalefinedhe soil, this percentage breakdown
allows classification at a later date.)

4. Minor componentsauch as cobbles, roots, and construction debris should be
preceded by the appropriate adjective reflecting relativeepercentages:drace (0-
5 percent), fewd5-10 percent), little (15-25 percent), and somed30-45¢ercent).o
The word “occasional”@ande applied to randomeparticles of a larger size than
the general soil matrix (i.e., occasional cobbles, occasionaldrick fragments).oThe
term “with” indicates definite characteristics regarding the percentage®fo
secondary particle size in the soil name.olt will not be used to describe minor
components. If a nonsoil component exceeds 50 percent of an interval, it should
be stated in place of the group name.

5. The basic color of a soil, such as brown,@ray,@r red, must be given. The color
term can be modified by adjectives such as light, dark, or mottled. Especiallyo
note staining or mottling. This information may be useful to establish water
table fluctuations or contamination. The Munsell® soil color chart designation is
the Integral color standard.eThese«hartsare readily available and offer a high
degree of consistency in descriptions between geologists.

6. The degree of moisture present in the soil should be defined as dry, moist,er
wet. Moisture content can be estimated from the criteria listeden Table 3 of
ASTM D-2488-00.

7. TFeatures such as discontinuities,dnclusions,qoints, fissures, slickensides,dedding,
laminations, root holes, and major mineralogical components shouldde noted if
they are observed. Anything unusual should be noted. Additionalsoil
descriptions may be madeat thealiscretion of the project manager or as thedield
conditions warrant. The Soil Boring Log Form lists some optionalalescriptions,

Integral Consulting¥mc. 12-3
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as does Tabled 3 of the@ASTM standard.eThe reader is referredd¢o the ASTM
standard for procedures of these descriptions.

8. The contact between two®oil types must be clearly marked on the soil boring log.
The field geologist, who has theadvantagef watchinge¢he drillingerate and
cuttings removal and can talk with theadriller in real time hasa much better
chance of interpreting the interval than someonedn the office. If thearontact is
obviouseand sharp, draw itdnewith a straight line. If itdsegradational,e slantede
line over the interval is appropriate. In the case where itdsainclear, a dashed line
over the most likely interval is used.

Integral Consulting¥mc. 12-4
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I

Standard Practice for

Description and Identification of Soils (Visual-Manual

Procedure)’

This standard is issued under the fixed designation D 2488; the number immediately following the designation indicates the year of
origina! adoption or, in the case of revision, the year of last revision. A nomber in parentheses indicates the year of ast reapproval, A
superscript epsilon (¢) indicates an editorial change since the last revision or reapproval,

This standard has been approved for use by agencies of the Department of Defense.

1. Scope *

1.1 This practice covers procedures for the description of
soils for engineering purposes.

1.2 This practice also describes a procedure for identifying
soils, at the option of the user, based on the classification
system described in Test Method D 2487. The identification is
based on visual examination and manual tests. It must be
clearly stated in reporting an identification that it is based on
visual-manual procedures.

1.2.1 When precise classification of soils for engineering
purposes is required, the procedures prescribed in Test Method
D 2487 shall be used.

1.2.2 In this practice, the identification portion assigning a
group symbol and name is limited to soil particles smaller than
3 in. (75 mm).

1.2.3 The identification portion of this practice is limited to
naturally occurring soils (disturbed and undisturbed).

Note 1—This practice may be used as a descriptive system applied to
such materials as shale, claystone, shells, crushed rock, etc. (see Appendix
X2).

1.3 The descriptive information in this practice may be used
with other soil classification systems or for materials other than
naturally occurring soils.

1.4 The values stated in inch-pound units are to be regarded
as the standard,

1.5 This standard does not purport to address all of the
safety problems, if amy, associated with its use. It is the
responsibility of the user of this standard to establish appro-
priate safety and health practices and determine the applica-
bility of regulatory limitations prior to use. For specific
precautionary statements see Section 8.

1.6 This practice offers a set of instructions for performing
one or more specific operations. This document cannot replace
education or experience and should be used in conjunction
with professional judgment. Not all aspects of this practice may
be applicable in all circumstances. This ASTM standard is not

! This practice is under the jurisdiction of ASTM Committee D-18 on Soil and
Rock and is the direct responsibility of Subcommittee D18.07 on Identification and
Classification of Soils.

Current edition approved Feb. 10, 2000. Published May 2000. Originally
published as D 2488 ~ 66 T. Last previous edition D 2488 — 93**. .

intended to represent or replace the standard of care by which
the adequacy of a given professional service must be judged,
nor should this document be applied without consideration of
a project’s many unique aspects. The word “Standard” in the
title of this document means only that the document has been
approved through the ASTM consensus process.

2. Referenced Documents

2.1 ASTM Standards:

D 653 Terminology Relating to Soil, Rock, and Contained
Fluids?

D 1452 Practice for Soil Investigation and Sampling by
Auger Borings?

D 1586 Test Method for Penetration Test and Split-Barrel
Sampling of Soils® '

D 1587 Practice for Thin-Walled Tube Sampling of Soils?

D 2113 Practice for Diamond Core Drilling for Site Inves-
tigation?

D 2487 Classification of Soils for Engineering Purposes
(Unified Soil Classification System)?

D 3740 Practice for Minimum Requirements for Agencies
Engaged in the Testing and/or Inspection of Soil and rock
as Used in Engineering Design and Construction®

D 4083 Practice for Description of Frozen Soils (Visual-
Manual Procedure)?

3. Terminology
3.1 Definitions—Except as listed below, all definitions are
in accordance with Terminology D 653.

Nore 2—TFor particles retained on a 3-in. (75-mm) US standard sieve,
the following definitions are suggested:

Cobbles—particles of rock that will pass a 12-in. (300-mm) square
opening and be retained on a 3-in. (75-mm) sieve, and
Boulders—particles of rock that will not pass a 12-in. (300-mm) square
opening.

3.1.1 clay—soil passing a No. 200 (75-um) sieve that can be
made to exhibit plasticity (putty-like properties) within a range
of water contents, and that exhibits considerable strength when
air-dry. For classification, a clay is a fine-grained soil, or the

* Annual Book of ASTM Standards, Vol 04.08.
3 Annual Book of ASTM Standards, Vol 04.09.

*A Summary of Changes section appears at the end of this standard.
Copyright © ASTM Intemational, 100 Barr Harbor Drive, PO Box G700, West Conshohocken, PA 18428-2958, United Slates.
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fine-grained portion of a soil, with a plasticity index equal to or
greater than 4, and the plot of plasticity index versus liquid
limit falls on or above the “A” line (see Fig. 3 of Test Method
D 2487).

3.1.2 gravel—ypatticles of rock that will pass a 3-in. (75-
mm) sieve and be retained on a No. 4 (4.75-mm) sieve with the
following subdivisions:

coarse—passes a 3-in. (75-mm) sieve and is retained on a
%-in. (19-mm) sieve.

fine—passes a Y-in. (19-mm) sieve and is retained on a No.
4 (4.75-mm) sieve.

3.1.3 organic clay—a clay with sufficient organic content to
influence the soil properties. For classification, an organic clay
is a soil that would be classified as a clay, except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying.

3.1.4 organic silt—a silt with sufficient organic content to
influence the soil properties. For classification, an organic silt
is a soil that would be classified as a silt except that its liquid
limit value after oven drying is less than 75 % of its liquid limit
value before oven drying.

3.1.5 pear—asoil composed primarily of vegetable tissue in
various stages of decomposition usually with an organic odor,
a dark brown to black color, a spongy consistency, and a
texture ranging from fibrous to amorphous.

3.1.6 sand—particles of rock that will pass a No. 4 (4.75-
mm) sieve and be retained on a No. 200 (75-pum) sieve with the
following subdivisions:

coarse—passes a No. 4 (4.75-mm) sieve and is retained on
a No. 10 (2.00-mm) sieve.

medium—passes a No. 10 (2.00-mm) sieve and is retained
on a No. 40 (425-um) sieve.

fine—passes a No. 40 (425-um) sieve and is retained on a
No. 200 (75-um) sieve.

3.1.7 silt—soil passing a No. 200 (75-um) sieve that is
nonplastic or very slightly plastic and that exhibits little or no
strength when air dry. For classification, a silt is a fine-grained
soil, or the fine-grained portion of a soil, with a plasticity index
less than 4, or the plot of plasticity index versus liquid limit
falls below the “A” line (see Fig. 3 of Test Method D 2487).

4. Summary of Practice

4.1 Using visual examination and simple manual tests, this
practice gives standardized criteria and procedures for describ-
ing and identifying soils.

4.2 The soil can be given an identification by assigning a
group symbol(s) and name. The flow charts, Fig. 1a and Fig. 1b
for fine-grained soils, and Fig. 2, for coarse-grained soils, can
be used to assign the appropriate group symbol(s) and name. If
the soil has properties which do not distinctly place it into a
specific group, borderline symbols may be used, see Appendix
X3.

Nore 3—It is suggested that a distinction be made between dual
symbols and borderline symbols.

Dual Symbol—A dual symbol is two symbols separated by a hyphen,
for example, GP-GM, SW-SC, CL-ML used to indicate that the soil has
been identified as having the properties of a classification in accordance
with Test Method D 2487 where two symbols are required. Two symbols
arc required when the soil has between 5 and 12 % fines or when the liquid

Limit and plasticity index values plot in the CL-ML area of the plasticity
chart.

Borderline Symbol—A borderline symbol is two symbols separated by a
slash, for example, CL/CH, GM/SM, CL/ML. A borderline symbol should
be used to indicate that the soil has been identified as having properties
that do not distinctly place the soil into a specific group (see Appendix
X3).

5. Significance and Use

5.1 The descriptive information required in this practice can
be used to describe a soil to aid in the evaluation of its
significant properties for engineering use.

5.2 The descriptive information required in this practice
should be used to supplement the classification of a soil as
determined by Test Method D 2487.

5.3 This practice may be used in identifying soils usmg the
classification group symbols and names as prescribed in Test
Method D 2487. Since the names and symbols used in this
practice to identify the soils are the same as those used in Test
Method D 2487, it shall be clearly stated in reports and all
other appropriate documents, that the classification symbol and
name are based on visual-manual procedures.

5.4 This practice is to be used not only for identification of
soils in the field, but also in the office, laboratory, or wherever
soil samples are inspected and described.

5.5 This practice has particular value in grouping similar
soil samples so that only a minimum number of laboratory tests
need be run for positive soil classification.

Note 4—The ability to describe and identify soils correctly is learned
more readily under the guidance of experienced personnel, but it may also
be acquired systematically by comparing numerical laboratory test results
for typical soils of each type with their visual and manual characteristics.

5.6 When describing and identifying soil samples from a
given boring, test pit, or group of borings or pits, it is not
necessary to follow all of the procedures in this practice for
every sample. Soils which appear to be similar can be grouped
together; one sample completely described and identified with
the others referred to as similar based on performing only a few
of the descriptive and identification procedures described in
this practice.

5.7 This practice may be used in combination with Practice
D 4083 when working with frozen soils.

Note 5—Notwithstanding the statements on precision and bias con-
tained in this standard: The precision of this test method is dependent on
the competence of the personnel performing it and the suitability of the
equipment and facilities used. Agencies that meet the criteria of Practice
D 3740 are generally considered capable of competent and objective
testing. Users of this test method are cautioned that compliance with
Practice D 3740 does not in itself assure reliable testing. Reliable testing
depends on several factors; Practice D 3740 provides a means for
evaluating some of those factors.

6. Apparatus

6.1 Required Apparatus:

6.1.1 Pocket Knife or Small Spatula.

6.2 Useful Auxiliary Apparatus:

6.2.1 Small Test Tube and Stopper (or jar with a lid).
6.2.2 Small Hand Lens.

7. Reagents
7.1 Purity of Water—Unless otherwise indicated, references
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GROUP_SYMBOL

CL

ML

Aa

<30% plus No, 200 T*ﬂﬁ% plus No, 200
15-25% plus No. 200 —=————+% sand 2% gravel ———= Laan clay with sand

<30% pius No. 200 -<: <15% pius No. 200
15-25% pius No. m?""“"zﬁm———»s&n with send

GROUP NAME

* | ean clay

% sand <% gravel ——> Lean clay with gravel

215% gravel ———> Sandy lean clay with gravel

% sand <% gravel ?: <15% sand ——————— Gravelly tesn clay
215% send ———"" Gravelly lean clay with sand

% sand >% of gravel <15% gravel —————> Sandy lean clay
>30% plus No. zoo< —=

- Silt

% sand <% gravel ——== Siht with gravel

215% gravel ———————b= Sandy silt with gravel

% send >% of gravel <15% gravel —————— Sandy silt
>30% plus uo.zoo<: —

% sand <% wlv.l*q:Clﬁnnd———bGunﬂy silt

MH

/\

230% phus No. 200

<30% plus No. 200 <: <15% plus No. 200
15-25% plus No. mvx sand 2>% gravel —» Elastic silt with send

215% sand ——————————» Gravelly silt with sand

<30% phus No. 200 < <15% pius No. 200 > Fat
15:25% plus No. 200~ % sand 2% gravel 5~ Fut clay with sand

% sand <% gravel ———» Fqt clay with gravel

215% gravel ——————»- Sandy fat clay with gravel

% sand <% gravel ‘<:<‘“ sond ——————>»-Gravelly fat clay
215% sand ———— Gravelly fat clay with sand

% sand >% of m<:<‘5" gravel ——————— Sandy fat clay
>30% plus No. 2oo<:

- Elastic silt

% sond <% gravel — Elastic silt with gravel

% sand 2%01M’<:<1§$M~————>$mﬂyolmkﬂn
215% gravel —————» Sandy elastic silt with gravel

% sand <% m|—<:<15$ sangd ——————————p Gravelly slastic siit
215% sand ——————p Gravaily olastic silt with sand

NOTE 1—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 1a Flow Chart for Identifying Inorganic Fine-Gralned Soll (50 % or more fines)

GROUP SYMBOL

<30% pilus No.m? <15% plus No. 200
15-25% plunNo.ZN<:%und2%mnf——-—>0rgmi¢wil with sand
OL/OH % sand <% gravel ————s- Organic soil with gravel
% sand >% gravel ?Cﬁ%nnnl —= Sanddy organic soil
gmmumo.zoo< .

GROUP_NAME

= Organic soil

215% gravet - Sandy orga

% sand <X gravel ~<<15$ sand ———————- Gravelly organic soil

215% sand -

NOTE 1—Percanlages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.

FiG. 1 b Flow Chart for ldentifying Organic Fine-Grained Soil (50 % or more fines)

to water shall be understood to mean water from a city water
supply or natural source, including non-potable water.

7.2 Hydrochloric Acid—A small bottle of dilute hydrochlo-
ric acid, HCI, one part HCI (10 N) to three parts water (This
reagent is optional for use with this practice). See Section 8.

8. Safety Precautions

8.1 When preparing the dilute HCl solution of one part
concentrated hydrochloric acid (10 N) to three parts of distilled
water, slowly add acid into water following necessary safety
precautions. Handle with caution and store safely. If solution
comes into contact with the skin, rinse thoroughly with water.

8.2 Caution—Do not add water to acid.

9. Sampling

9.1 The sample shall be considered to be representative of
the stratum from which it was obtained by an appropriate,
accepted, or standard procedure.

Note 6—Preferably, the sampling procedure should be identified as
having been conducted in accordance with Practices D 1452, D 1587, or
D 2113, or Test Method D 1586.

9.2 The sample shall be carefully identified as to origin.

Nore 7—Remarks as to the origin may take the form of a boring
number and sample number in conjunction with a job number, a geologic
stratum, a pedologic horizon or a location description with respect to a
permanent monument, a grid system or a station number and offset with
respect to a stated centerline and a depth or elevation.

9.3 For accurate description and identification, the mini-
mum amount of the specimen to be examined shall be in
accordance with the following schedule:

30il with gravel

— Gravally organic 10il with sand
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GROUP SYMBOL GROUP NAME

<5% ﬂmtm!lfm

o GWT:Q“ sand ———o Well-graded grave!
215% sand ——— Wall graded gravel with sand

Poorly graded

GP?C!SS sand ———= Poorly graded gravel
215% 1and ———= Poarly graded gravel with sand

215% sand ———»- Waell-graded gravel with ailt and sand
GW'GC T:<|E“ sand ———= Wall-gradsd gravel with clay

216% sand ———= Wallgraded graval with clay snd sand
GP‘GM-—::«S; sand ——=- Poorly graded graval with silt

215% sand ——— Poorly graded gravel with silt and sand
GP’GC—\—\T <15% sand ————= Poorly graded gravel with clay

215% sand ———= Poorly graded graval with clay and sand

Wail-gradud ?fiﬂn-ﬂu or MH ——hGW‘GM—T:ﬂﬂ $and ————s- Well-graded geavel with silt
1nuﬁm< finas=CL or CH

»GM

—--.._________: 15% sand - Silty gravel
S15% sand —— Silty graval with sand
»>GC

<15% sand + Clayay graval
_“-'-—-..._____‘_2155 sand ———= Clayay gravel with sand

- sw-—:-ﬁ‘(iﬁﬁ gravel ——= Wallgraded 1and
SP 215% gravel ——»= Well-graded sand with gravel

GRAVEL
% gravel >
% sand
Poorly va-d?: fines=ML or MH
fines=CL of CH
= fing3=ML or MH
215% fines
__‘—'———--—_..____________’ fines=CL or CH
Wellgraded
<5% 1ims<
Poorly greded
finss=ML or MH
Well-graded <:
SAND fines=CL er CH
% 1snd > 10% fines
% graval

fines=ML or MH
Poarly 'radld<
finas=CL or CH

> = <15% gravel Poorly graded sand
_-_—-‘--""""2151 gravel ——= Poorly graded sand with gravel

SW"SM—T: <15% gravel ——»= Wellgraded sand with silt

15% gravel ——» Well-graded sand with silt and 1
SW' s c 2 gravel

<15% gravel ——= Wall-graded sand with clay

215% gravel ——»= Wallgraded sand with clay and gravel
"SP'SM‘.______‘-‘<15$ gravel ——= Poarly graded sand with it

215% gravel ——o= Poorly graded sand with silt and grave!
+SP-SC

— fines*ML or MH

215% fines

<15% gravel »- Poorly graded sand with clay
“"“--zm gravel ——== Poorly graded sand with clay and grawal

SM = S15% aremsl — > Silty s
215% gravel ———== Silty sand with graval

T finms~CL or CH —---—-a-SC ?(155 grave) ——= Clayey sand

215% gravel ——= Clayey sand with graval

Note 1—Percentages are based on estimating amounts of fines, sand, and gravel to the nearest 5 %.
FIG. 2 Flow Chart for Identifying Coarse-Grained Solls (less than 50 % fines)

Maximum Particle Size, Minimum Specimen Size,

Sieve Opening Dry Weight
4.75 mm (No. 4) 100 g (0.25 ib)
9.5 mm (% in.) 200 g (0.5 Ib)
19.0 mm (¥4 in.) 1.0 kg (2.2 Ib)
38.1 mm (1% in.) 8.0 kg (18 Ib)
75.0 mm (3 in.) 60.0 kg (132 Ib)

Nore 8—If random isolated particles are encountered that are signifi-
cantly larger than the particles in the soil matrix, the soil matrix can be
accurately described and identified in accordance with the preceeding
schedule.

9.4 If the field sample or specimen being examined is
smaller than the minimum recommended amount, the report
shall include an appropriate remark.

10. Descriptive Information for Soils

10.1 Angularity—Describe the angularity of the sand
(coarse sizes only), gravel, cobbles, and boulders, as angular,
subangular, subrounded, or rounded in accordance with the
criteria in Table 1 and Fig. 3. A range of angularity may be
stated, such as: subrounded to rounded.

10.2 Shape—Describe the shape of the gravel, cobbles, and
boulders as flat, elongated, or flat and elongated if they meet
the criteria in Table 2 and Fig. 4. Otherwise, do not mention the
shape. Indicate the fraction of the particles that have the shape,
such as: one-third of the gravel particles are flat.

10.3 Color—Describe the color. Color is an important
property in identifying organic soils, and within a given
locality it may also be useful in identifying materials of similar
geologic origin. If the sample contains layers or patches of

TABLE 1 Criteria for Describing Angularity of Coarse-Grained
Particles (see Fig. 3)

Description Criteria

Angular Particles have sharp edges and relatively plane sides with
unpolished surfaces

Subangular Particles are similar to angular description but have
rounded edges

Subrounded Particles have nearly plane sides but have well-rounded
comers and edges

Rounded Particles have smoothly curved sides and no edges

varying colors, this shall be noted and all representative colors
shall be described. The color shall be described for moist
samples. If the color represents a dry condition, this shall be
stated in the report.

10.4 Odor—Describe the odor if organic or unusual. Soils
containing a significant amount of organic material usually
have a distinctive odor of decaying vegetation. This is espe-
cially apparent in fresh samples, but if the samples are dried,
the odor may often be revived by heating a moistened sample.
If the odor is unusual (petroleum product, chemical, and the
like), it shall be described.

10.5 Moisture Condition—Describe the moisture condition
as dry, moist, or wet, in accordance with the criteria in Table 3.

10.6 HC! Reaction—Describe the reaction with HCl as
none, weak, or strong, in accordance with the critera in Table
4. Since calcium carbonate is a common cementing agent, a
report of its presence on the basis of the reaction with dilute
hydrochloric acid is important.

10.7 Consistency—For intact fine-grained soil, describe the



FIG. 3 Typlcal Angularity of Bulky Grains

PARTICLE SHAPE

TABLE 2 Criterla for Describing Particle Shape (see Fig. 4)

mmmmumummmmw
thickness refer to the greatest, intsrmediate, and lsast dimensions of a paricie,
respectively. "

Fiat Particles with widih/thiciness > 3

Bomrtsd Particies with lsngthwich > 3
Fist and elongaied Pasticies meet criteria for both fiat and elongated

consistency as very soft, soft, finn, hard, or very hard, in
accordance with the criteria in Table 5. This observation is
inappropriate for soils with significant amounts of gravel.

10.8 Cementation—Describe the cementation of intact
coarse-grained soils as weak, moderate, or strong, in accor-
dance with the criteria in Table 6.

10.9 Structure—Describe the structure of intact soils in
accordance with the criteria in Table 7.

10.10 Range of Particle Sizes—For gravel and sand com-
ponents, describe the range of particle sizes within each
component as defined in 3.1.2 and 3.1.6. For example, about
20 % fine to coarse gravel, about 40 % fine to coarse sand.

10.11 Maximum Particle Size—Describe the maximum par-
ticle size found in the sample in accordance with the following
information:

10.11.1 Sand Size—If the maximum particle size is a sand
size, describe as fine, medium, or coarse as defined in 3.1.6.
For example: maximum particle size, medium sand.

10.11.2 Gravel Size—If the maximum particle size is a
gravel size, describe the maximum particle size as the smallest
sieve opening that the particle will pass. For example, maxi-
mum particle size, 1% in. (will pass a 1%-in. square opening
but not a ¥-in. square opening).

10.11.3 Cobble or Boulder Size—If the maximum particle
size is a cobble or boulder size, describe the maximum
dimension of the largest particle. For example: maximum
dimension, 18 in. (450 mm).

W=WIDTH
T =THICKNESS
L=LENGTH

FLAT: W/T>3

ELONGATED: L/W >3

FLAT AND ELONGATED:
- meets both criteria

FIG. 4 Criteria for Particle Shape

10.12 Hardness—Describe the hardness of coarse sand and
larger particles as hard, or state what happens when the
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TABLE 3 Criteria for Describing Molsture Condition

Criteria

Absence of moisture, dusty, dry ©© the touch
Damp but no visibls water
Vielble free water, usually sol is below weler table

4 g

TABLE 4 Criterla for Describing the Reaction With HCI

Description Crltoria

None No-vielbie reaction

Weak Soms reaction, with bubbiles forming siowly
Strong Vicient reaction, with bubbies forming immecdiately

TABLE 3 Cﬂwbmmw

Description B Cliedla

Mﬂmdmm1nm|m)

Thumb will penetrate soll about 1 in. (25 mm)

Thumb will indent soll sbout Yin. (8 mm)

Thumb will not indent acll but readlly indented with thumbnal

ery hard Thumbnall will not indent soll

TABLE 8 Criteria for Describing Cementation
Criterta

Crumbles or breaks with handiing or ltle inger pressure
Modom Crumbles or bresks with considemble fingsr pressure

D"'?Wﬂ

Sirong Wil not cnusnbls or break with nger presmure
TABLE 7 Criteria for Describing Structure
Deacription Cilisita ) o

Stratiied Allarnating laywrs of varying material or color with layers at
lsast 6 mm thick; nole thickness

Laminated Alemating feyers of varying metedal or color with the
layers less than 8 mm thick; nols thickness

Flssured Breaks siong definite pianes of ichse with Rile
resislance 1 frachuing

Slickensided Fraciure planes appear polished or glossy, somelimes

Blocky Cohasive soll that cen be broksn down inlo small anguiar
lumps which msist iurther brealxiown

Laneed nchusion of small pociests of dilerent solls, such as small
lonees of sand scatiered through & mass of dlay; nole
thiciess

Homogensous Same color and appasnance Swoughout

particles are hit by a hammer, for example, gravel-size particies
fracture with considerable hammer blow, some gravel-size
particles crumble with hammer blow. “Hard” means particles
do not crack, fracture, or crumble under a hammer blow.

10.13 Additional comments shall be noted, such as the
presence of roots or root holes, difficulty in drilling or augering
hole, caving of trench or hole, or the presence of mica.

10.14 A local or commercial name or a geologic interpre-
tation of the soil, or both, may be added if identified as such.

10.15 A classification or identification of the soil in accor-
dance with other classification systems may be added if
identified as such.

11. Identification of Peat

11.1 A sample composed primarily of vegetable tissue in
various stages of decomposition that has a fibrous to amor-

phous texture, usually a dark brown to black color, and an
organic odor, shall be designated as a highly organic soil and
shall be identified as peat, PT, and not subjected to the
identification procedures described hereafter.

12. Preparation for Identification

12.1 The soil identification portion of this practice is based
on the portion of the soil sample that will pass a 3-in. (75-mm)
sieve. The larger than 3-in. (75-mm) particles must be re-
moved, manually, for a looge sample, or mentally, for an intact
sample before classifying the soil.

12.2 Estimate and note the percentage of cobbles and the
percentage of boulders. Performed visually, these estimates
will be on the basis of volume percentage.

Note 9—Since the percentages of the particle-size distribution in Test
Method D 2487 are by dry weight, and the estimates of percentages for
gravel, sand, and fines in this practice are by dry weight, it is recom-
mended that the report siate that the perceatages of cobbles and boulders
sre by volume,

12.3 Of the fraction of the soil smaller than 3 in. (75 mm),
estimate and note the percentage, by dry weight, of the gravel,
sand, and fines (see Appendix X4 for suggested procedures).

Nore 10—Since the particle-size compooents sppear visually on the
basis of volume, considersble experience is required to estimaie the
pevcentages on the basls of dry weight. Frequent comparisons with
Iaboratory pasticle-size analyses should be made.

12.3.1 The percentages shall be estimated to the closest 5 %.
The percentages of gravel, sand, and fines must add up to
100 %.

12.3.2 If one of the components is present but not in
sufficient quantity to be considered 5% of the smaller than
3-in. (75-mm) portion, indicate its presence by the term trace,
for example, trace of fines. A trace is not to be considered in the
total of 100 % for the components.

13. Preliminary Identification

13.1 The soil is fine grained if it contains 50 % or more
fines. Follow the procedures for identifying fine-grained soils
of Section 14.

13.2 The soil is coarse grained if it contains less than 50 %
fines. Follow the procedures for identifying coarse-grained
soils of Section 15.

14. Procedure for Identifying Fine-Grained Solls

14.1 Select a representative sample of the material for
examination, Remove particles larger than the No. 40 sieve
(medium sand and larger) until a specimen equivalent to about
a handful of material is available. Use this specimen for
performing the dry strength, dilatancy, and toughness tests.

14.2 Dry Strength:

14.2.1 From the specimen, select enough material to mold
into a ball about 1 in. (25 mm) in diameter. Mold the material
unti! it has the consistency of putty, adding water if necessary.

14,22 From the molded material, make at least three test
specimens. A test specimen shall be a ball of material about 42
in. (12 mm) in diameter. Allow the test specimeas to dry in air,
or sun, or by artificial means, as long as the temperature does
not exceed 60°C.
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14.2.3 If the test specimen contains natural dry lumps, those
that are about %2 in. (12 mm) in diameter may be used in place
of the molded balls.

Note 11—The process of molding and drying usually produces higher
strengths than are found in natural dry lumps of soil.

14.2.4 Test the strength of the dry balls or lumps by
crushing between the fingers. Note the strength as none, low,
medium, high, or very high in accorance with the criteria in
Table 8. If natural dry lumps are used, do not use the results of
any of the lumps that are found to contain particles of coarse
sand.

14.2.5 The presence of high-strength water-soluble cement-
ing materials, such as calcium carbonate, may cause excep-
tionally high dry strengths. The presence of calcium carbonate
can usually be detected from the intensity of the reaction with
dilute hydrochloric acid (see 10.6).

14.3 Dilatancy:

14.3.1 From the specimen, select enough material to mold
into a ball about %% in. (12 mm) in diameter. Mold the material,
adding water if necessary, until it has a soft, but not sticky,
consistency.

14.3.2 Smooth the soil ball in the palm of one hand with the
blade of a knife or small spatula. Shake horizontally, striking
the side of the hand vigorously against the other hand several
times. Note the reaction of water appearing on the surface of
the soil. Squeeze the sample by closing the hand or pinching
the soil between the fingers, and note the reaction as none,
slow, or rapid in accordance with the criteria in Table 9. The
reaction is the speed with which water appears while shaking,
and disappears while squeezing.

14.4 Toughness:

14.4.1 Following the completion of the dilatancy test, the
test specimen is shaped into an elongated pat and rolled by
hand on a smooth surface or between the palms into a thread
about % in. (3 mm) in diameter. (If the sample is too wet to roll
easily, it should be spread into a thin layer and allowed to lose
some water by evaporation.) Fold the sample threads and reroll
repeatedly until the thread crumbles at a diameter of about &
in. The thread will crumble at a diameter of % in. when the soil
is near the plastic limit. Note the pressure required to roll the
thread near the plastic limit. Also, note the strength of the
thread. After the thread crumbles, the pieces should be lumped
together and kneaded until the lump crumbles. Note the
toughness of the material during kneading.

14.4.2 Describe the toughness of the thread and lump as

TABLE 8 Criteria for Describing Dry Strength

Description Criteria

The dry specimen crumbles intc powder with mere pressurs
of handiing

The dry specimen crumbles Into powder with some finger
pressure

The dry specimen breaks into pieces or crumbles with
considerable finger pressure

The dry specimen cannot be broken with finger pressure.
Specimen will break into pieces between thumb and a hard
surface

The dry specimen cannot be broken between the thumb and a
hard surface

Very high

TABLE 9 Criterla for Describing Dilatancy

Description Criteria
None No visible change in the specimen
Slow Water appears slowly on the surlace ot the specimen during
shaking and does not disappear or disappears slowly upon
squeazing
Rapid Water appears quickly on the surface of the specimen during

shaking and disappears quickly upon squeezing

low, medium, or high in accordance with the criteria in Table
10.

14.5 Plasticity—On the basis of observations made during
the toughness test, describe the plasticity of the material in
accordance with the criteria given in Table 11.

14.6 Decide whether the soil is an inorganic or an organic
fine-grained soil (see 14.8). If inorganic, follow the steps given
in 14.7.

14.7 Identification of Inorganic Fine-Grained Soils:

14.7.1 Identify the soil as a lean clay, CL, if the soil has
medium to high dry strength, no or slow dilatancy, and medium
toughness and plasticity (see Table 12).

14.7.2 Identify the soil as a fat clay, CH, if the soil has high
to very high dry strength, no dilatancy, and high toughness and
plasticity (see Table 12).

14.7.3 Identify the soil as a silt, ML, if the soil has no to low
dry strength, slow to rapid dilatancy, and low toughness and
plasticity, or is nonplastic (see Table 12).

14.7.4 Identify the soil as an elastic silt, MH, if the soil bas
low to medium dry strength, no to slow dilatancy, and low to
medium toughness and plasticity (see Table 12).

Note 12—These propertics arc similar to those for a lean clay.
However, the silt will dry quickly on the hand and have a smooth, silky
feel when dry. Some soils that would classify as MH in accordance with
the criteria in Test Method D 2487 are visually difficult to distinguish from
lean clays, CL. It may be necessary to perform laboratory testing for
proper identification.

14.8 Identification of Organic Fine-Grained Soils:

14.8.1 Identify the soil as an organic soil, OL/OH, if the soil
contains enough organic particles to influence the soil proper-
ties. Organic soils usually have a dark brown to black color and
may have an organic odor. Often, organic soils will change
color, for example, black to brown, when exposed to the air.
Some organic soils will lighten in color significantly when air
dried. Organic soils normally will not have a high toughness or
plasticity. The thread for the toughness test will be spongy.

Note 13—In some cases, through practice and experience, it may be
possible to further identify the organic soils as organic silts or organic
clays, OL or OH. Correlations between the dilatancy, dry streagth,
toughness tests, and laboratory tests can be made to identify organic soils
in certain deposits of similar materials of known geologic origin.

TABLE 10 Criteria for Describing Toughness

Description Criteria

Only slight pressure is required to roll the thread near the
plastic limit. The thread and the lump are weak and soft
Medium pressure is raquired to roll the thread to near the
plastic limit. The thread and the lump have medium stiffness
High Considerable pressurs is required to roll the thread to near the
plastic limit. The thread and the lump have very high
stiffness

Medium
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TABLE 11 Criteria for Describing Plasticity

Description Criteria

Nonplastic A Ye-in. (3-mm) thread cannot be rolled at any water content

Low The thread can barely be rolled and the lump cannot be
formed when drier than the plastic limit

Medium The thread is easy to rolt and not much time is required to
reach the plastic limit. The thread cannot be rerclled after
reaching the plastic limit. The lump crumbles when drier
than the plastic limit

High It takes considerable time rolling and kneading to reach the

plastic limit. The thread can be rerolied several times after
reaching the plastic limit. The lump can be formed without
crumbling when drier than the plastic limit

TABLE 12 identification of Inorganic Fine-Grained Solls from
Manual Tests

Soil

Symbol Dry Strength Dilatancy Toughness
ML Nona to low Slow 1o rapid Low or thread cannot be
formed
CL Medium te high None to slow Medium
MH Low to medium None to slow Low to medium
CH High to very high None High

14.9 If the soil is estimated to have 15 to 25 % sand or
gravel, or both, the words “with sand” or “with gravel”
(whichever is more predominant) shall be added to the group
name. For example: “lean clay with sand, CL” or “silt with
gravel, ML” (see Fig. 1a and Fig. 1b). If the percentage of sand
is equal to the percentage of gravel, use “with sand.”

14.10 If the soil is estimated to have 30 % or more sand or
gravel, or both, the words “sandy” or “gravelly” shall be added
to the group name. Add the word “sandy” if there appears to be
more sand than gravel. Add the word “gravelly” if there
appears to be more gravel than sand. For example: “sandy lean
clay, CL”, “gravelly fat clay, CH”, or “sandy silt, ML (see Fig.
la and Fig. 1b). If the percentage of sand is equal to the percent
of gravel, use “sandy.”

15. Procedure for Identifying Coarse-Grained Soils
(Contains less than 50 % fines)

15.1 The soil is a gravel if the percentage of gravel is
estimated to be more than the percentage of sand.

15.2 The soil is a sand if the percentage of gravel is
estimated to be equal to or less than the percentage of sand.

15.3 The soil is a clean gravel or clean sand if the
percentage of fines is estimated to be 5 % or less.

15.3.1 Identify the soil as a well-graded gravel, GW, or as a
well-graded sand, SW, if it has a wide range of particle sizes
and substantial amounts of the intermediate particle sizes.

15.3.2 ldentify the soil as a poorly graded gravel, GP, or as
a poorly graded sand, SP, if it consists predominantly of one
size (uniformly graded), or it has a wide range of sizes with
some intermediate sizes obviously missing (gap or skip
graded).

15.4 The soil is either a gravel with fines or a sand with fines
if the percentage of fines is estimated to be 15 % or more.

15.4.1 Identify the soil as a clayey gravel, GC, or a clayey
sand, SC, if the fines are clayey as determined by the
procedures in Section 14.

15.4.2 Identify the soil as a silty gravel, GM, or a silty sand,

SM, if the fines are silty as determined by the procedures in
Section 14,

15.5 If the soil is estimated to contain 10 % fines, give the
soil a dual identification using two group symbols.

15.5.1 The first group symbol shall correspond to a clean
gravel or sand (GW, GP, SW, SP) and the second symbo! shall
correspond to a gravel or sand with fines (GC, GM, SC, SM).

15.5.2 The group name shall correspond to the first group
symbol plus the words “with clay” or “with silt” to indicate the
plasticity characteristics of the fines. For example: “well-
graded gravel with clay, GW-GC” or “poorly graded sand with
silt, SP-SM” (see Fig. 2).

15.6 If the specimen is predominantly sand or gravel but
contains an estimated 15 % or more of the other coarse-grained
constituent, the words “with gravel” or “with sand” shall be
added to the group name. For example: “poorly graded gravel
with sand, GP” or “clayey sand with gravel, SC” (see Fig. 2).

15.7 If the field sample contains any cobbles or boulders, or
both, the words “with cobbles” or “with cobbles and boulders”
shall be added to the group name. For example: “silty gravel
with cobbles, GM."”

16. Report

16.1 The report shall include the information as to origin,
and the items indicated in Table 13.

Note 14—Example: Clayey Gravel with Sand and Cobbles, GC—
About 50 % fine to coarse, subrounded to subangular gravel; about 30 %
fine to coarse, subrounded sand; about 20 % fines with medium plasticity,
high dry strength, no dilatancy, medium toughness; weak reaction with
HCI; original ficld sample had about 5% (by volume) subrounded
cobbles, maximum dimension, 150 mm.

In-Place Conditions—Firm, homogeneous, dry, brown

Geologic Interpretation—Alluvial fan

TABLE 13 Checklist for Description of Soils

. Group name

. Group symbol

. Percent of cobbles or boulders, or both (by volume)

. Percent of graval, sand, or fines, or all three (by dry weight)
Particle-size mnge:

L E XY RN

Gravel—fine, coarse
Sand—fine, medium, coarse
6. Particle angularity: angular, subangular, subrounded, rounded
7. Parnticle shape: (if appropriate) flat, elongated, flat and elongated
8. Maximum particle size or dimension
9. Hardness of coarse sand and larger particles
10. Plasticity of fines: nonplastic, low, medium, high
11. Dry strength: none, low, medium, high, very high
12. Diatancy: none, slow, rapid
13. Toughness: low, medium, high
14, Color {in moist condition)
15, Odor (mention only if organic or unusual)
16. Moisture: dry, moist, wet
17. Reaction with HCI: none, weak, strong
For intact samples:
18. Consistency (fine-grained soils only): very soft, soft, firn, hard, very hard
19. Structure: stratified, laminated, fissured, slickensided, lensed, homo-
gensous
20. Cemenrttation: weak, moderate, strong
21. Local name
22, Geologic interprelation
23, Additional comments: presence of roots or root holes, presence of mica,
gypsum, etc., surface coatings on coarse-grained particles, caving or
sloughing of auger hols or trench sides, difficulty in augering or excavating,
etc.
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Note 15—Other examples of soil descriptions and identification arc
given in Appendix X1 and Appendix X2.

Nore 16—If desired, the percentages of gravel, sand, and fines may be
stated in terms indicating a range of percentages, as follows:

Trace—Particles are present but estimated to be less thaa 5 %

Few—51t0 10%

Little—15 t0 25 %

Some—30 to 45 %

Mostly—50 to 100 %

16.2 If, in the soil description, the soil is identified using a
classification group symbol and name as described in Test
Method D 2487, it must be distinctly and clearly stated in log

forms, summary tables, reports, and the like, that the symbol
and name are based on visual-manual procedures.
17. Precision and Bias

17.1 This practice provides qualitative information only,
therefore, a precision and bias statement is not applicable.
18. Keywords

18.1 classification; clay; gravel; organic soils; sand; silt; soil
classification; soil description; visual classification

APPENDIXES

(Nonmandatory Information)

X1. EXAMPLES OF VISUAL SOIL DESCRIPTIONS

X1.1 The following examples show how the information
required in 16.1 can be reported. The information that is
included in descriptions should be based on individual circum-
stances and need.

X1.1.1 Well-Graded Gravel with Sand (GW)—About 75 %
fine to coarse, hard, subangular gravel; about 25 % fine to
coarse, hard, subangular sand; trace of fines; maximum size, 75
mm, brown, dry; no reaction with HCl,

X1.1.2 Silty Sand with Gravel (SM)}—About 60 % predomi-
nantly fine sand; about 25 % silty fines with low plasticity, low
dry strength, rapid dilatancy, and low toughness; about 15 %
fine, hard, subrounded gravel, a few gravel-size particles
fractured with hammer blow; maximum size, 25 mm; no
reaction with HCl (Note—Field sample size smaller than
recommended).

In-Place Conditions—TFirm, stratified and contains lenses of
silt 1 to 2 in. (25 to 50 mm) thick, moist, brown to gray;
in-place density 106 Ib/ft’; in-place moisture 9 %.

X1.1.3 Organic Soil (OL/OH)—About 100 % fines with
low plasticity, slow dilatancy, low dry strength, and low
toughness; wet, dark brown, organic odor; weak reaction with
HCl.

X1.1.4 Silty Sand with Organic Fines (SM)—About 75 %
fine to coarse, hard, subangular reddish sand; about 25 %
organic and silty dark brown nonplastic fines with no dry
strength and slow dilatancy; wet; maximum size, coarse sand;
weak reaction with HCI.

X1.1.5 Poorly Graded Gravel with Silt, Sand, Cobbles and
Boulders (GP-GM)—About 75 % fine to coarse, hard, sub-
rounded to subangular gravel; about 15 % fine, hard, sub-
rounded to subangular sand; about 10 % silty nonplastic fines;
moist, brown; no reaction with HCI; original field sample had
about § % (by volume) hard, subrounded cobbles and a trace of
hard, subrounded boulders, with a maximum dimension of 18
in. (450 mm).

X2. USING THE IDENTIFICATION PROCEDURE AS A DESCRIPTIVE SYSTEM FOR SHALE, CLAYSTONE,
SHELLS, SLAG, CRUSHED ROCK, AND THE LIKE

X2.1 The identification procedure may be used as a
descriptive system applied to materials that exist in-situ as
shale, claystone, sandstone, siltstone, mudstone, etc., but con-
vert to soils after field or laboratory processing (crushing,
slaking, and the like).

X2.2 Materials such as shells, crushed rock, slag, and the
like, should be identified as such. However, the procedures
used in this practice for describing the particle size and
plasticity characteristics may be used in the description of the
material. If desired, an identification using a group name and
symbol according to this practice may be assigned to aid in
describing the material.

X2.3 The group symbol(s) and group names should be

placed in quotation marks or noted with some type of distin-
guishing symbol. See examples.

X2.4 Examples of how group names and symbols can be
incororated into a descriptive system for materials that are not
naturally occurring soils are as follows:

X2.4.1 Shale Chunks—Retrieved as 2 to 4-in, (50 to 100-
mm) pieces of shale from power auger hole, dry, brown, no
reaction with HCl, After slaking in water for 24 h, material
identified as “Sandy Lean Clay (CL)"; about 60 % fines with
medium plasticity, high dry strength, no dilatancy, and medium
toughness; about 35 % fine to medium, hard sand; about 5 %
gravel-size pieces of shale.

X2.4.2 Crushed Sandstone—Product of commercial crush-
ing operation; “Poorly Graded Sand with Silt (SP-SM)”; about
90 % fine to medium sand; about 10 % nonplastic fines; dry,
reddish-brown, strong reaction with HCI.

X2.4.3 Broken Shells—About 60 % gravel-size broken
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shells; about 30 % sand and sand-size shell pieces; about 10 %
fines; “Poorly Graded Gravel with Sand (GP).”

X2.4.4 Crushed Rock—Processed from gravel and cobbles
in Pit No. 7; “Poorly Graded Gravel (GP)"; about 90 % fine,

hard, angular gravel-size particles; about 10 % coarse, hard,
angular sand-size particles; dry, tan; no reaction with HCI.

X3. SUGGESTED PROCEDURE FOR USING A BORDERLINE SYMBOL FOR SOILS WITH TWO POSSIBLE
IDENTIFICATIONS.

X3.1 Since this practice is based on estimates of particle
size distribution and plasticity characteristics, it may be diffi-
cult to clearly identify the soil as belonging to one category. To
indicate that the soil may fall into one of two possible basic
groups, a borderline symbol may be used with the two symbols
separated by a slash. For example: SC/CL or CL/CH.

X3.1.1 A borderline symbol may be used when the percent-
age of fines is estimated to be between 45 and 55 %. One
symbol should be for a coarse-grained soil with fines and the
other for a fine-grained soil. For example: GM/ML or CL/SC.

X3.1.2 A borderline symbol may be used when the percent-
age of sand and the percentage of gravel are estimated to be
about the same. For example: GP/SP, SC/GC, GM/SM. 1t is
practically impossible to have a soil that would have a
borderline symbol of GW/SW.

X3.1.3 A borderline symbol may be used when the soil
could be either well graded or poorly graded. For example:
GW/GP, SW/SP.

X3.14 A borderline symbol may be used when the soil
could either be a silt or a clay. For example: CL/ML, CH/MH,
SC/SM.

X3.1.5 A borderline symbol may be used when a fine-
grained soil has properties that indicate that it is at the
boundary between a soil of low compressibility and a soil of
high compressibility. For example: CL/CH, MH/ML.

X3.2 The order of the borderline symbols should reflect
similarity to surrounding or adjacent soils. For example: soils
in a borrow area have been identified as CH. One sample is
considered to have a borderline symbol of CL and CH. To
show similarity, the borderline symbol should be CH/CL.

X3.3 The group name for a soil with a borderline symbol
should be the group name for the first symbol, except for:
CL/CH lean to fat clay
ML/CL clayey silt
CL/ML silty clay

X3.4 The use of a borderline symbol should not be used
indiscriminately. Every effort shall be made to first place the
soil into a single group.

X4. SUGGESTED PROCEDURES FOR ESTIMATING THE PERCENTAGES OF GRAVEL, SAND,
AND FINES IN A SOIL SAMPLE

X4.1 Jar Method—The relative percentage of coarse- and
fine-grained material may be estimated by thoroughly shaking
a mixture of soil and water in a test tube or jar, and then
allowing the mixture to settle. The coarse particles will fall to
the bottom and successively finer particles will be deposited
with increasing time; the sand sizes will fall out of suspension
in 20 to 30 s. The relative proportions can be estimated from
the relative volume of each size separate. This method should
be correlated to particle-size laboratory determinations.

X4.2 Visual Method—Mentally visualize the gravel size
particles placed in a sack (or other container) or sacks. Then,
do the same with the sand size particles and the fines. Then,
mentally compare the number of sacks to estimate the percent-
age of plus No. 4 sieve size and minus No. 4 sieve size present.

10

The percentages of sand and fines in the minus sieve size No.
4 material can then be estimated from the wash test (X4.3).

X4.3 Wash Test (for relative percentages of sand and
Jfines)—Select and moisten enough minus No. 4 sieve size
material to form a I-in (25-mm) cube of soil. Cut the cube in
half, set one-half to the side, and place the other half in a small
dish. Wash and decant the fines out of the material in the dish
until the wash water is clear and then compare the two samples
and estimate the percentage of sand and fines. Remember that
the percentage is based on weight, not volume. However, the
volume comparison will provide a reasonable indication of
grain size percentages.

X4.3.1 While washing, it may be necessary to break down
lumps of fines with the finger to get the correct percentages.
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XS. ABBREVIATED SOIL CLASSIFICATION SYMBOLS

X5.1 In some cases, because of lack of space, an abbrevi-

ated system may be useful to indicate the soil classification § = sandy s = with sand
symbol and name. Examples of such cases would be graphical g =gravely 92wt gravel
logs, databases, tables, etc. b = with boulders

XS5.2 This abbreviated system is not a substitute for the full X5.4 The soil classification symbol is to be enclosed in

name and descriptive information but can be used in supple- parenthesis. Some examples would be:

mentiry presentations when the complete description is refer- Group Symbol and Full Name
ence
CL, Sandy lean clay
X5.3 The abbreviated system should consist of the soil SP-SM, PI oorly gradad sand with siit and gravel
classification symbol based on this standard with appropriate bGOF:]m,,s graded gravel with sand, cobbles, and
lower case letter prefixes and suffixes as: ML, gravelly silt with sand and cobbles
Prefix: Suffix:
SUMMARY OF CHANGES

Abbreviated
s(CL)
{SP-SM)g
(GP)scb

g{ML)sc

In accordance with Committee D18 policy, this section identifies the location of changes to this standard since

the last edition (1993*') that may impact the use of this standard.

(1) Added Practice D 3740 to Section 2. (2) Added Note 5 under 5.7 and renumbered subsequent notes.

ASTM Intemational takes no pasition respecting the validity of any patent rights asserted in connection with any item mentioned
in this standard, Users of this standard are expressly advised that determination of the validity of any such patent rights, and the risk
of infringement of such rights, are entirely their own responsibility.

This standard is subject to revision at any time by the responsible technical committee and must be reviewed every five yoars and
If not revised, either respproved or withdrawn. Your comments are invited either for revision of this standard or for additional standards
and should be addressed to ASTM intemational Headquarters. Your cormments will receive careful consideration at a meeting of the
responsible technical committes, which you may attend. If you feel that your comments have not received a fair hearing you should
make your views known fo the ASTM Committes on Standards, at the address shown below.

This standard is copyrighted by ASTM International, 100 Bar Harbor Drive, PO Box C700, West Conshohocken, PA 19428-2959,
United States. Individual reprints (single or multipls copies) of this standard may be obtainsed by contacting ASTM at the above
address or at 610-832-9585 (phone), 610-832-9555 (fax), or service @asim.org (e-mail); or through the ASTM website

{www.astm.org).
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FLT116 PIG® Drain Insert Plus

Product Data Sheet

Item Number: FLT116

Item Name: PIG® Drain Insert Plus — For oil and sediment « skirting accumulation pocket 10" dia x 18" D
Absorbency

1.4 gal./each (5.3 L/each)

Options Available

Item # | Size | Color | Misc. Features | Amount [ Length Width [ Height [ Depth | Int. Dia. | Ext. Dia. | Weight

36" 48" 2lbs.
FLTL6) — | — - Leach | g1 acm) | (120.90m)| — (.9kg)

Color: Grey
# Per Pallet: 100
Description

A permeable, hydrophilic drain insert skirting with sediment accumulation pocket and absorbent recycled synthetic media strips to

absorb floating hydrocarbons which is designed to fit rectangular storm drains up to 30" x 40" and round drains up to 30" in
diameter.

Application

Used as a Best Management Practice and as part of your Stormwater Pollution Prevention plan to help keep hydrocarbons and
sediment from entering the water system. Designed to be used for 3 to 6 months under normal conditions.

Product Features
o Keeps sediment and debris out of your drains
e Inserts fits rectangular storm drains up to 30" x 40" in size and round drains up to 30" in diameter
¢ 18" deep accumulation pocket collects oil, sediment and other contaminants
o Filter strips remove floating oil and other hydrocarbons
e Designed with excess flow port to avoid blockage during periods of high water flow

Composition

¢ Recycled synthetic material

This product helps you comply with:

Regulatory Citation Summary

40 CFR 122.26 When applying for a National Pollutant Discharge Elimination System
(NPDES) permit, facilities must have a plan in place that describes actions,
procedures, control techniques, management practices and equipment
available to prevent illegal discharge of pollutants into waterways.

Additional Specifications

e permeability : .25 cm/sec



FLT116 PIG® Drain Insert Plus

e micron rating : 181 microns nominal

e UV resistance : 70% @ 500 hrs

o water flow rate : Total 500 gpm with product in new condition
e overflow rate : Approximately 750 gpm

o fabric weight : 9 oz. per square yard

New Pig * One Pork Avenue * Tipton, PA16684-0304 * www.newpig.com
Phone 1-800-HOT-HOGSE(468-4647) » Fax 1-800-621-7447 ¢ E-mail hothogs@newpig.com

PDS generated: Oct 10, 2005



APPENDIX E

DEQ BMP Guidance on Storm Drain Inlet‘¥Protection!

1 Source:oAppendixd of the Oregon Departmentaf Environmental€)uality’sétatewidedrosione
and SedimentdControl Manual,@April 28,2005.0



STORM DRAIN INLET PROTECTION — SC-8

Construction Specifications:

Identify existing and/or planned storm drain inlets that have the potential to receive sediment-taden
surface runoff. Determine if storm drain inlet protection is needed, and which method to use.

Methods and Installation

e DI Protection Type 1 - Filter Fabric Fence - The filter fabric fence (Type 1) protection is illustrated
on Page 3. Similar to constructing a sediment fence. See BMP SC-1, “Sediment Fence.” Do not
place filter fabric underneath the inlet grate since the collected sediment may fall into the drain infet
when the fabric is removed or replaced.

s DI Protection Type 2 - Excavated Drop Intet Sediment Trap - The excavated drop inlet sediment trap
(Type 2) is illustrated in Page 4. Similar to constructing a temporary sediment fence, See BMP SC-1,
“Sediment Fence.” Size excavated trap to provide a minimum storage capacity calculated at the rate
of 67 yd’/ac (130 m’/ha) of drainage area.

e DI Protection Type 3 — Gravel bag - The gravel bag barrier (Type 3) is illustrated in Page 5. Flow
from a severe storm shall not overtop the curb. In arcas of high clay and silts, use filter fabric and
gravel as additional filter media. Construct gravel bags in accordance with BMP SC-3, “Gravel Bag
Berm.” Gravel bags shall be used due to their high permeability.

e DI Protection Type 4 ~Fiber Rolls - Fiber rofl (Type 4} is placed around the inlet and keyed and
anchored to the surface similar to SC-7 (“Fiber Rolls™) installation. Fiber rolls are intended for use as
inlet protection where the area around the inlet is unpaved and the fiber roll can be secured to the
surface. On impervious surfaces use weighted or gravel-filled fiber rolls in the same configuration as
specified above or as specified by the manufacturer. Type 4 DI protection functions similarly to
Types I and 2.

Minimum BMP standards are provided on the following details. The DI Protection (Types 1-4) as
illustrated was not designed to significantly inhibit flow and cause flooding. If flooding problems
occur, modify the existing BMP to alleviate flooding. Do not remove the BMP and allow sediment-
laden water to discharge to the storm drain.

Alternative methods may be substituted for the methods described/shown herein such as prefabricated
inlet insert devices, or gutter protection devices based on review and approval by DEQ or the local
agency as submitted in the project ESCP. Typical installation details for Siltsack™™ inserts and biofilter
bags are included with this BMP.

Inspection and Maintenance:

General

s Inspect all inlet protection devices before and after every rain event, and at the frequencies
recommended by local municipalities. During extended rain events, inspect inlet protection devices
at least once every 24 hours.

* Inspect the storm drain inlet after severe storms in the rainy season to check for bypassed material.

¢ Remove all inlet protection devices atter the site is stabilized, or when the inlet protection is no longer
needed.

o Bring the disturbed area to final grade and smooth and compact it. Appropriately stabilize all
bare areas around the inlet.

o Clean and re-grade area around the inlet and clean the inside of the storm drain inlet as it must be
tree of sediment and debris at the time of final inspection.
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STORM DRAIN INLET PROTECTION - SC-8

Requirements by Method

Type 1 - Filter Fabric Fence

Q

This method shall be used for drain inlets requiring protection in areas where finished grade is
established and erosion control seeding has been applied or is pending.

Make sure the stakes are securely driven in the ground and are structurally sound (i.e., not bent,
cracked, or splintered, and are reasonably perpendicular to the ground). Replace damaged stakes.

Replace or clean the fabric when the fabric becomes clogged with sediment. Make sure the fabric
does not have any holes or tears. Repair or replace fabric as needed.

At a minimum, remove the sediment behind the fabric fence when accumulation reaches one-third
the height of the fence or barrier height. Removed sediment shall be incorporated in the project
or disposed of praperly.

Type 2 — Excavated Drop Inlet Sediment Trap

o

o}

This method may be used for drain inlets requiring protection in areas that have been cleared and
grubbed, and where exposed soil areas are subject to grading.

Remove sediment from basin when the volume of the basin has been reduced by one-half.

Type 3 - Gravel Bag Barrier

o
o]

o}

This method may be used for drain inlets surrounded by asphalt concrete (AC) or paved surfaces.
Inspect bags for holes, gashes, and snags.

Check gravel bags for proper arrangement and displacement. Remove the sediment behind the
barrier when it reaches one-third the height of the barrier. Removed sediment shall be
incorporated in the project or disposed of properly

Type 4 Fiber Rolls ‘
o This method may be used for drain inlets requiring protection in areas that have been cleared and

grubbed, and where exposed soil areas subject to grading.

Use weighted or gravel-filled fiber rolls on impervious surfaces. Check that fiber rolls are in
good contact with the surface without gaps or preferential flow paths.

Check fiber roll for proper arrangement and displacement. Remove the sediment behind the
barrier when it reaches one-third the height of the barrier. Removed sediment shall be
incorporated in the project or disposed of properly.
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STORM DRAIN INLET PROTECTION - SC-8

_ Sediment Fence per SC-1
Geolextile Elanketl Or Fiber Rolls per SC-7

l 150 mm Min overlap
o y « « at ends of Sediment
NE — e Fence
|
o ~Drain inlet
! i
| # |
x| ! X
\A H [Fe==— A 1
! ‘ — || __ ]
Ll : | |_——Geolextile Blankel
_ XI l X
Sheet flow | t
Less than | .
64 ne (1 oc) 1 ], ™ Sediment Fence per SC-1
X | Or Fiber Rolls per SC-7
} i

DIPROTECTION TYPE 1 AND TYPE 4
Not to scale

NOTLS:

1. For use in areas where groding has been completed and fincl seil stabitization
and seeding are pending.

7. Mot opplicable in poved oreaos.

3. Not applicable with concentrated flows.
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STORM DRAIN INLET PROTECTION - SC-8

Siobiize greo and
grade uniformly
arcund perimeter
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Blanket

= Siit

Remove sediment
before reaching
one—third fuil.

fence Per
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800 mm Mox

Rock filter{use if flow
s concentrated)
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DI PRQIECWON TYPE 2

07 10 SCALL

Notes

‘. For use in cleared and grubbed ond in groded oreas.
2. Shope bosin so thot longest infiow arec faces {ongest length of trap.
4. tor concentrated flows, shape besin in 201 rotio with iength oriented

towards direction of flow.
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STORM DRAIN INLET PROTECTION - SC-8

/Edge ofi Faverment

Spillway, 1—bag high Gravel Bogs
2-bags high

TYPICAL PROTECTION FOR INLET WITH OPPOSING FLOW DIRECTIONS

Edge of Pavement
/ [—Inlet

Z-—-

Flow

Spillway, 1—baog high Gravel Bogs

2-bags high

TYPICAL PROTECTION FOR INLET WITH SINGLE FLOW DIRECTION

NOTES:

1. Intended for short—term use.

2. Use to inhibit non—storm water flow.

3. Allow for proper rnaintenance and cleanup.

4. Bogs must be removed ofter cdjocent operotion is completed

5. Not opplicable in greas with high silts and clays without filter fabric.
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STORM DRAIN INLET PROTECTION - SC-8

PR SRR
SFRARY

{Foas

CHETIONAL
Cil ABSORBENT
FILLIWY :
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STORM DRAIN INLET PROTECTION - SC-8

AREA DRAIN DITCH INLET

INLET COVER
/
/
BACKOFCURB

FACE OFCURB

\I’LACE ONE ROW OFBIO BAGS
{NBRONT OFINLET WETH 12 THE BAG
PAST THE INLET OPENING ON EACT S1DE

CURB INLET CATCH BASIN
BIOBAGINLET PROTECTION

NTS
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APPENDIX F

Sampling Documentation Examples



OUTFALL SAMPLE COLLECTION FORM

Station ID Project Name:
Sample No. Project Number:
Date Collector:
Field Parameters
pH Temperature Conductivity D.O. Comments
Sampling Device
Filter:
Sample Containers Collection Time
Tag No. Type Preservative Analytical Method QA Remarks
CAmber OpPoly
CAmber OPoly
CAmber OPoly
CAmber OPoly
[JAmber OPoly
CJAmber [Poly
CAamber OPoly
CJAmber OPoly
CAmber OPoly
Comments

Sample Location Sketch

Samplers’ Signature

Date

nteoral

romsulting int,




Sample Label

e integLQ_L

SampleNo.:
Matrix: Date:
Filtered (Y/N): :
(if applicable) Time:
Analysis:
(optional} Pres:
Sampler:
Tag Number: ﬂ_SL_

Custody Seal

Date:

Sampler Signature:

CUSTODY SEAL |ﬂt@§[@9l

Time:

tyith.




“Outdoor writing products for outdoor writing people.”

<y

RECYCLABLE

"Rite in the Rain" - A unigue All-Waather Wiiting
paper crealed lo shed walor and enhance thie
writlen image It i3 widely used throughout the world
for recording cntical field data ih all kinds of wonthe

Avallable In a varety of standard and custom prinfisd
case-bound field books, loose lnaf. spiral and staplod
notebooks, mulli-copy sets and copier paper

For best results, use a pencil or an all-weather pen

8 product of

J. L. DARLING CORPORATION
Tacoma, WA 98424-1017 USA
(253) 922-5000 « FAX (253) 922-5300
www.RitelntheRaln.com

NSN: 7530-01-433-5654

I

8 2281731111%" ¢

Ao 7 AN

ALL-WEATHER WRITING PAPER MY

LEVEL

All-Weather Notebook
No. 311

4 58" x 7" - 48 Numbered Pages



CHAIN OF CUSTODY FORM

0060

Page __of __

Project:
Samplers: .
Integral Contact: ANALYSES REQUESTED
Office
Phone consulting inc.
Ship to: Lab Name
Address 5
c
7
c
Contact 8 g
Phone © =
= O
Sample No. Tag No.| Date Time [ Matrix i < Comments
Analysis Turn Time: Normal Rush Rush Results Needed By: | Matrix Code: = GW - Groundwater
SL - Soil SW - Surface water
Shipped by: Shipping Tracking No. | SD -Sediment  Other:
Condition of Samples Upon Receipt: Custody Seal Intact? |
Relinquished by: Date/Time: Received by: Date/Time:
(signature) (signature)
Relinquished by: Date/Time: Received by: Date/Time:
(signature) (signature)
Special Instructions:
Boulder

Sealtle
1500 112th Avenue ME, STE 101
Bellevue, WA 98004

Porlland
2817 NE 22nd Avenue
Porlland, OR 97223

1320 Pearl Street, STE 210
Boulder, CO 80021




