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SECTION 1
INTRODUCTION

Pursuant to United States Environmental Protection Agency (EPA) Contract No. 68-W9-0046,
Multiple Site Inspections, and Work Plan Addendum (WPA; WESTON 1997c) to the Work
Plan: Site Inspections—Multiple Sites (WESTON, 1993), Roy F. Weston, Inc. (WESTON®)

conducted a Site Inspection (SI) of a six-mile reach of the Willamette River in Portland, Oregon
(see Figure 1-1). )

The EPA SI process is intended to evaluate actual or potential environmental hazards at a
particular site relative to other sites across the nation for purposes of identifying remedial action
priorities. The SI, under the authority of the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 (CERCLA) and the Superfund Amendments and
Reauthorization-Act-of 1986 (SARA), is intended to collect sufficient data to enable evaluation
of the site's potential for inclusion on the National Priorities List (NPL) and, for those sites
determined to be NPL candidates, establish priorities for additional action. The decision as to
whether the site is placed on the NPL list is made based on the EPA's revised Hazard Ranking
System (HRS) criteria. The HRS assesses the relative threat to human health and the
environment associated with the actual or potential releases of hazardous substances at a site.

In addition, this SI was performed at the request of the Oregon Department of Environmental
Quality (ODEQ) in an effort to aid their site assessment program.

This document presents a summary of the objectives, sampling activities, and results of the
Willamette River SI. Included are site background information (Section 2), project description
(Section 3), sampling and analytical results (Section 4), and references.
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SECTION 2

BACKGROUND

2.1 SITE LOCATION AND DESCRIPTION

The Willamette River originates in the Cascade Mountain Range and flows approximately

187 miles north before discharging into the Columbia River. From this location, the Columbia
River flows an additional 100 miles westward to the Pacific Ocean. The point of confluence of
the Willamette and Columbia rivers denotes river mile 0 (RM 0). Most development along the
Willamette River has occurred within the project area, referred to as the Portland Harbor.
Portland Harbor has been dredged to provide a shipping channel generally 300 feet wide and 40
feet deep from the mouth of the Willamette River upriver to the Broadway Bridge RM 11.8)
(Caldwell and Doyle 1995). Channel depths currently range from 10 to 140 feet, with an average
depth of 45 feet. In this reach, the river is deep, slow moving, and tidally influenced. During
periods of medium and low flows, tidal effects are evident to RM 26.5 (Willamette Falls);
reverse flow has been measured as far upstream as Ross Island ®RM 15) during low flow periods.

Habitat in the Willamette River near Portland has been altered to accommodate urban
development and a growing shipping industry. Shoreline features include steeply sloped banks
covered with riprap or constructed bulkheads, with manmade structures such as piers and
wharves extending out over the water. Because of dredging, many portions of the riverbed are
steeply sloped and maintain substrates composed mainly of silts and sands Farr and Ward 1991).

2.2 INDUSTRIAL OPERATIONS IN THE PROJECT AREA

Much of the upland areas adjacent to the Willamette River within Portland Harbor is heavily
industrialized, and marine traffic within the river is considered to be intensive. Within the 6-mile
project area, a number of industrial operations have been identified as potential sources of
contamination to sediment in the Willamette River. Historical or current industrial operations
include hazardous waste storage; marine construction; bulk petroleum product storage and
handling; oil fire fighting training activities; oil gasification plant operations; wood-treating;
agricultural chemical production; battery processing; liquid natural gas plant operations; chlorine
production; ship loading and unloading; ship maintenance and repair (i.e., sandblasting, scaling,
repair, painting, refueling); and rail car manufacturing.

2.3 INVESTIGATIVE AND REGULATORY HISTORY

Numerous past investigations within the Portland Harbor area have been conducted at varying
levels of scope. A portion of the studies focused on specific properties, while the remaining
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Sediment Investigation Report—Portland Harbor Section 2

studies were river-wide and incorporated sediment sampling as one component of the entire
study. A summary of existing sediment chemical data is provided in the Executive Summary of
Historical Sediment Data (WESTON 1997a). Past sediment studies have demonstrated the
presence of polycyclic aromatic hydrocarbons (PAHs), pesticides, polychlorinatedbiphenyls
(PCBs), dioxins, total inorganics, organotins, pentachlorophenol, and solvents in sediment.
These contaminants may have entered the river via spillage during product shipping and
handling, direct disposal or discharge, accidental spills, contaminated groundwater discharge,
surface water runoff, stormwater discharge, or contaminated soil erosion. Of particular note, a
recent sediment investigation conducted by the U.S. Army Corps of Engineers (COE 1998),
which includes portions of the Willamette River within our study area, was released subsequent
to the implementation of this study. Please refer to this document for fuither background
information regarding sediment conditions associated with the Willamette River.

2.4 REGIONAL GEOLOGY

The following discussion of the regional geologic setting is summarized from several published

reports on the geology of the area: Beeson et al. 1991, Madin 1990, Tolan and Beeson 1984,
Allen 1975, and Waitt 1985.

The geology of the Portland area is characterized generally by a broad structural depression or
basin bordered by the Cascade mountains on the east and the Coast Range mountains on the
west. Geologic formations in the basin are also folded and dissected by a number of northwest-
trending faults. The Tualatin mountains form a northwest-trending anticlinal ridge that is faulted
along its eastern flank by the Portland Hills fault. The Willamette River flows along the base of
the eastern side of the Tualatin Mountains. A number of additional faults are located
approximately parallel or perpendicular to the Portland Hills fault and are mapped along or near

the Tualatin mountains. An inferred graben is identified immediately southeast of the site
(Beeson et al. 1991).

A description of the geologic formations of regional significance that may be present at or near
the site is presented below (from oldest to youngest):

e  Columbia River Basalt Group—The Portland basin is underlain by the Columbia
River Basalt Group, which consists of flood basalt that erupted 17 to 6 million years
ago. These Miocene-age flood basalts are characterized by a thick sequence of dense
basalt flows that are separated by permeable interflow zones. These interflow zones are
generally highly productive aquifers. This unit has been folded and faulted and forms
the Tualatin Mountain uplands southwest of the site. The Columbia River Basalt Group
dips steeply to the northeast near this area and is estimated to extend to a depth of 300
to 450 feet below (Madin 1990), with a thickness of more than 650 feet. Fluvial
sediments of the Sandy River Mudstone and the Troutdale Formation overlie the
Columbia River basalt flows.
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Sediment Investigation Report—Portland Harbor Section 2

e  Sandy River Mudstone—These deposits of Miocene to Pliocene age are friable to
moderately indurated siltstone, sandstone, and claystone derived from an ancestral
Columbia River that flowed into the Portland basin from the east. The deposits are
found at thicknesses of up to 900 feet near Troutdale. However, outcrops of Sandy
River Mudstone are not found near the Tualatin Mountains; the unit may pinch out or
may have been scoured out in this part of the basin. The Sandy RiverMudstone is
overlain by the Troutdale Formation.

¢  Troutdale Formation—The Troutdale Formation is of Miocene to Pliocene age and, in
this area, consists of interbedded conglomerates and finer-grained deposits (Beeson et
al. 1991). The Troutdale Formation is characterized by pebbly tocobbly conglomerates
consisting primarily of Columbia River basalt clasts with foreign clasts of volcanic,
platonic, and metamorphic rocks, and interbeds of micaceous arkosic and vitric
sandstone (Tolan and Beeson 1984; Beeson et al. 1991). East of the Willamette River,
outcrops of the Troutdale Formation are composed of locally derived pebbly tocobbly

vitric sandstone with basalt clasts from Boring and Cascade lavas (Tolan and Beeson - --

1984). Major regional aquifers are established in the Troutdale Formation in much of
the east Portland area. The thickness of the Troutdale Formation ranges from 900 feet
near Troutdale to 200 to 300 feet in the western parts of the basin near the Tualatin
Mountains (Beeson et al. 1991).

. Boring Formation—During Pliocene-Pleistocene time, volcanic lavas were erupted
from approximately 90 vents throughout the Portland and Vancouver area. Where
present, these volcanic deposits overlie the Troutdale Formation (Allen 1975). Boring
lava thicknesses are greatest near source vents; however, thicknesses rapidly decrease
and pinch out away from source vent areas.

e  Catastrophic Flood Deposits—During the Pleistocene time, thick deposits of
boulders, gravels, sands, and silts accumulated throughout the Portland basin, as a result
of the repeated failures of glacial ice dams that impounded glacial Lake Missoula
(Waitt 1985). These catastrophic flood deposits form the terrace surfaces in the eastern
Portland area and are composed of three different facies. Coarse-grained pebble to
boulder gravels and sand make up the core of these terraces, with fine-grained sand and
silt deposits mantling the coarser-grained facies. A finer-grained, interlayers silt, sand,
and gravel facies is found adjacent to the Columbia and Willamette River channels.

The coarse-grained facies reach maximum thicknesses of 100 to 130 feet. The channel
facies typically range in thickness from 15 to 45 feet Beeson et al. 1991).

. Recent Alluvium—Recent alluvium consists of Quaternary deposits or river sands,
silts, and gravels deposited by the Willamette and Columbia rivers. These deposits are
generally limited to the channel bottoms and floodplains of these rivers, and reach
maximum thicknesses of about 150 feet (Beeson et al. 1991).
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Sediment Investigation Report—Portland Harbor Section 2

In addition to these geologic formations, imported sand fill is common along many of the
floodplain terraces adjacent to the Willamette and Columbia rivers. The source of this fill is
primarily dredged material from the shipping channels in these two waterways.

2.5 AQUATIC RESOURCES AND CRITICAL HABITATS

Recent studies have identified 39 species of fish in the Willamette River within the project area.
The lower Willamette River upstream to the Willamette Falls prov1des a significant migratory
corridor, nursery habitat, and adult forage area for two runs of chinook, two runs of steelhead,
and individual runs of coho and sockeye salmon (Melcher 1998; Farr and Ward 1991). In
general, chinook and steelhead populations are the largest and most widespread of thesalmonids
found in the Willamette River basin Melcher 1998). Pursuant to 50 CFR 17.11 & 17.12,
steelhead salmon utilizing the Willamette River within the study area are currently classified as
threatened per the Endangered Species Act of 1973. A threatened species is qualified as a
species that is likely to become endangered within the foreseeable future. Pacific lamprey are
also present in the river and are currently classified as a species of special concern by the U.S.
Fish and Wildlife Service (USF&WS). The USF&WS defines species of special concern as
those organisms whose conservation status is of concern to the USF&WS, but for which further
information is needed. Pacific Lamprey are also classified by the Oregon Fish and Wildlife
Commission as a sensitive specifies (OAR 635-100-040). The state of Oregon defines sensitive
species as naturally reproducing native vertebrates that are likely to become threatened or
endangered throughout all or a significant portion of their range in Oregon. The Sensitive
Species List is for the express purpose of encouraging actions that will prevent further decline in
species' populations and/or habitats and thus avoid the need for listing.

Commercial fishing in the Willamette River within the project area is limited to a small Pacific
lamprey fishery Melcher 1998). In contrast, recreational fishing is extremely popular throughout
the lower Willamette basin. Resident species such as largemouth bass, black crappie, white
crappie, and walleye support a significant year-round recreational fishery. Significant angling
pressure is also directed toward spring chinook, steelhead, coho, American shad, and whlte
sturgeon (Melcher 1998; Farr and Ward 1991).

’

Numerous piscivorous birds, migratory waterfowl, and raptors utilize the lower Willamette River

during various times of the year. Great blue heron, cormorant, osprey, merganser, kingfisher, and
bald eagle routinely forage within the study area. Both great blue heron and osprey nest sites are

located in the vicinity of the study area and represent significant potential receptors.
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Sediment Investigation Report—Portland Harbor Section 2

2.6 POTENTIAL CONTAMINANT TRANSPORT PATHWAYS AND RECEPTORS
2.6.1 Sediment

Sediment located in areas of direct deposition of waste materials or receiving contaminated
surface water drainages may act as a receptor, and, in turn, also act as a source, because the
sediment can retain contaminants. In addition, sediment can be transported by currents and wave

action and as a result can function as a source of contamination at locations distal from the
original source materials.

Within the 6-mile study area, the sediments represent a receptor as well as a source, as some of
the types of contaminants present in the historically collected sediment samples (e.g., PAHs, total
inorganics, pesticides, PCBs, etc.) tend to strongly sorb to particulate matter, may accumulate
over time, and may be re-released to the water column via disturbance or dissolution during
transport. The hydraulic characteristics of the area further suggest that transport of contaminated
sediments to areas up- and downriver, may occur. Aquatic organisms represent additional
receptors that may be impacted by sediment-bound contaminants due to exposure via dermal
contact, respiration, or direct ingestion. Exposed lower trophic-order organisms also provide a

pathway for exposure of higher trophic-order organisms via ingestion of contaminated prey.

The potential for sediments to act as a receptor and a source at locations both adjacent to and
distal from the site was evaluated through the collection and chemical analysis of surface and

subsurface sediment and sediment porewater from areas within the 6-mile study area (see
Section 3.2).

2.6.2 Surface Water

Surface water runoff associated with upland areas adjacent to the Willamette River is dependent
upon climatic influences and varies according to season. No sources of drinking water are
derived from surface water associated with the 6-mile study area. The primary ecological
receptors include anadromous and resident populations of fish occurring in the Willamette River.
Secondary ecological receptors include numerous piscivorous birds, migratory waterfowl, and
raptors, which utilize the lower Willamette River during various times of the year.

Potential groundwater pathways leading to downgradient surface water are another potential
pathway, and were addressed through the sediment pathways.

2.6.3 Soil

Although this media may represent a source of contamination or an exposure mechanism to
terrestrial receptors, soil conditions associated with adjacent upland areas were not evaluated as
part of this investigation. However, soil that may have been transported to nearshore sediment
was evaluated as part of the sediment pathway.

This document was prepared by Roy F. Weston, Inc. expressly for the EPA. It shall not be disclosed in whole or in part without the express,
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Sediment Investigation Report—Portland Harbor Section 2

2.6.4 Groundwater

The groundwater pathway was not directly evaluated for this site, but the sediment pathway may
capture areas of significant groundwater contamination that has impacted sediment quality.

2.6.5 Air

Particulate migration from the upland properties to the Willamette River was considered a

potential pathway of contaminant transport and was evaluated as part of the sediment pathway
investigation described above.
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SECTION 3

PROJECT DESCRIPTION

3.1 SAMPLING OBJECTIVES

The EPA process is intended to evaluate actual or potential environmental hazards at a particular
site relative to other sites across the nation for purposes of identifying remedial action priorities.
This SI was intended to collect sufficient data to support a HRS evaluation for a 6-mile section of
the Willamette River. The data collection efforts in this project area are also intended to support

ODEQ's ongoing investigations for potential remedial actions associated with possible upland
sources adjacent to the Willamette River.

The purpose of this investigation is to provide a screening level evaluation of sediment

-~contamination in the Portland Harbor reach of the Willamette River. Accordingly, the following

sampling objectives were defined for this investigation:

e  Characterize the nature and magnitude of contamination in surface and shallow
subsurface sediments

e  Obtain sediment porewater samples to evaluate the potential bioavailability of
organotins and total inorganics to aquatic receptors.

Based on historical data (WESTON 1997a), contaminants of potential concern in sediment
include total inorganics, base-neutral acid extractables (BNAs) (primarily PAHs), PCBs,
pesticides, and organotins. Because organotins were of potential concern, this investigation also
focused on evaluating the potential bioavailability of organotins to aquatic receptors through the
collection and analysis of sediment porewater.
3.2 SAMPLE TYPES, NUMBERS, LOCATIONS, AND RATIONALE
In total, 227 samples were collected during the SI field effort, as follows:

. 150 surface (0 to 10 cm) sediment samples, plus 8 field duplicates.

e 28 sediment porewater samples, plus 2 field duplicates.

e 37 subsurface (1.8 to 4.55 feet) sediment samples (sediment cores), plus 2 field
duplicates.
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Sediment Investigation Report—Portland Harbor Section 3

Surface and subsurface sediment sampling locations are depicted in Figures 3-1 through 3-5.
Porewater stations and surface sediment stations are provided in Table 3-1.

Split samples were provided to three interested parties owning properties adjacent to the study

area. Information detailing interested parties and split sampling locations are provided in
Table 3-2. '

3.3 SAMPLING METHODS, ANALYTICAL REQUIREMENTS, AND STATION
LOCATIONS

3.3.1 Sampling Methods
Surface Sediment Sampling

Subtidal surface sediment samples were collected using a stainless-steel modified 0.1 nf van
Veen grab sampler, in accordance with the procedures outlined in the sampling and analysis plan
(SAP; WESTON 1997b). On average, between 1 and 4 grabs were required at each station,
depending on sediment volume requirements associated with bulk chemical and porewater
analyses. Penetration depths for acceptable grabs ranged from 6 to 17 cm.

Accepted samples were placed in stainless-steel bowls or soup pots for homogenization.
Samples submitted for bulk chemical analysis were placed in labeled pre-cleaned sample jars,
while samples submitted for porewater analysis were placed in decontaminated high-density
polyethylene (HDPE) buckets. All sample containers were subsequently packed in coolers with
ice for shipment. Observations of sediment composition were made for each sample and
recorded on the appropriate field sample record forms (see Appendix A.1).

Subsurface Sediment Sampling

In accordance with the SAP (WESTON 1997b), all subsurface sediment sampling was conducted
using a 3-inch-diameter gravity corer, configured with a 5-foot core barrel and a 700-pound
weight stand. Core recovery lengths varied throughout the study area. Core recovery ranged
from 1.8 to 4.55 feet, and averaged 3.2 feet. A summary of the recovery lengths is provided in
Table 3-3. On average, between three to six casts of the gravity corer were required to acquire an
acceptable core. A minor deviation from the SAP entailed the rate of descent of the gravity
corer. Due to hard substrates encountered immediately below themudline, the rate of descent
increased from the proposed 1 foot/second to approximately 6 feet/second (free fall) to maximize
the impact of the corer and increased core penetration. Core collection observations were
recorded on appropriate field record forms (see Appendix A.2).

Core processing was conducted at an onshore location. Sediment from each core was extruded
onto a decontaminated 5-foot stainless-steel tray by elevating the tube at an angle. When
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Sediment Investigation Report—Portland Harbor Section 3

necessary, the core was tapped with a rubber mallet to loosen the sediment from the liner. Care
was taken to ensure that samples were extruded as slowly as possible to maintain the cylindrical
form of the core. Once the core sediment was extruded onto the tray, observations of sediment
composition were made and recorded on the appropriate field sample record forms (see
Appendix A.3). Samples were placed in stainless-steel bowls for homogenization. Samples
submitted for bulk chemical analysis were placed in labeled pre-cleaned sample jars. All sample
containers were subsequently packed in coolers with ice for shipment.

Latitude and longitude data are provided in Appendix A.4.

3.3.2 Analytical Requirements .

In general, all samples were analyzed in accordance with the methods and procedures specified in
the SAP (WESTON 1997a). A few minor deviations from the proposed sample analytical
requirements occurred, as follows:

* A chlorinated herbicide analysis was not originally proposed for surface sediment
sampling location WR-SD-SD092-0000; however, during the field sampling effort, a
strong pesticide odor was detected at this location. Based on these observations and in
consultation with EPA, chlorinated herbicide analysis was subsequently added to the

“analytical requirements for this location.

. Organotin (i.e., tributyltin) analysis was originally proposed at surface sediment
sampling location WR-SD-SD064-0000; however, during the field sampling effort, this
station was inadvertently omitted from the laboratory analysis request form. Asa
result, no organotin sediment data are available for this sampling location.

Chemical analyses conducted at each surface sediment sampling location (including those
stations evaluating porewater quality) are presented in Table3-1. Chemical analyses conducted
at each subsurface sediment sampling location are presented in Table3-4.

Duplicate sediment and porewater samples were collected at a frequency of 5 percent or greater
per matrix, with eight surface sediment, two subsurface sediment, and two porewater duplicate

samples collected for analysis. Temperature blanks were included in all sample coolers shipped
to the contracted laboratories.

3.3.3 Station Locations
3.3.3.1 Surface Sediment Stations

Considerable effort was made to collect surface sediment within close proximity of the sampling
locations detailed in Figures 3-2 through 3-6 of the SAP (WESTON 1997a). In several instances,
sampling locations were moved due to physical obstructions present at the time of sediment
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Sediment Investigation Report—Portland Harbor Section 3

collection (e.g., overhead lines, moored vessels, shallow water, etc.). In addition to these factors,
substrate material at WR-SD-SD054 was predominantly composed of submerged wood debris,
so adequate recovery of surface sediment was not possible at this location. Under this
circumstance, multiple attempts were made before this station was abandoned. Sufficient
sediment volumes for porewater extraction and analysis could also not be obtained from stations
WR-SD-SD051 and WR-SD-SD055 because of insufficient grab sampler penetration due to the
presence of hard substrates and abundant wood debris; sediment from these locations were
submitted for bulk chemistry only.

3.3.3.2 Subsurface Sediment Stations

Considerable effort was made to co-locate subsurface sediment sampling locations to within 2-
meters of the previously occupied surface sediment sampling locations. In several instances,
subsurface sediment conditions failed to allow adequate recovery of subsurface sediment. When
these conditions were encountered, multiple attempts were made before the coring location was
abandoned or moved to an area of more favorable subsurface sediment conditions. All
subsurface sediment station-positioning modifications are detailed in Table 3-5.

3.4 SAMPLE HANDLING, PACKAGING, AND SHIPPING

Samples were generally handled, packaged, and shipped in accordance with the procedures
specified in the SAP (WESTON 1997b). Minor deviations from the SAP included the following;:

e  EPA sample tags were not placed on each sample container, as Contract Laboratory
Program (CLP) analytical services, which require these tags, were not used.

e  Vermiculite was not included in all coolers in which the plastic, 2-gallon buckets
containing sediment for porewater extraction were placed, as container breakage was

not anticipated to occur due to the container type (plastic) and tight fit of the containers
in the coolers.

3.5 DOCUMENTATION

All field documentation, sample designation and labeling, and chain of custody procedures were
followed in accordance with the procedures specified in the SAP (WESTON 1997b).

3.6 EQUIPMENT DECONTAMINATION AND INVESTIGATION-DERIVED WASTE

Procedures specified in the SAP (WESTON 1997b) for decontaminating equipment and
disposing of investigation-derived wastes (IDW) were followed during field activities.
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SECTION 4

SAMPLING RESULTS

The following sections present analytical data generated during thisSI. A log summarizing
individuals and affiliated agencies contacted during the course of this SI is provided in

Appendix B. Chain-of-custody forms and data validation reports can be provided upon request
(Appendix C).

4.1 DATA PRESENTATION

Analytical data tables for surface sediment, subsurface sediment, and sedimentporewater are
presented in Appendix D. Analytical data are reported as follows:

. Sedimeﬁf Viﬁorganics ére eiépr?ssed in ‘u.nitsrof fni‘]]igram I;er kiiografr; (rrrlrg/kg) dry-
weight

. Sediment organics are expressed in units of microgram per kilogram ({tg/kg) dry-
weight; sediment nonionic/nonpolar organics are also expressed in units of pug/kg-

organic carbon (i.e., the dry-weight concentration was normalized to the organic carbon
content of the sample by dividing the chemical concentration by the sample-specific
decimal fraction of organic carbon)

e  Sediment porewater inorganics (including organotins) and organics are expressed in
units of microgram per liter (ug/L)

. Sediment organotins are expressed in units of pg/kg-dry weight

. Sediment total organic carbon (TOC) and grain size are expressed as percentages

»

4.2 DATA EVALUATION
4.2.1 Effects-Based Screening Values/Guidelines

No background samples were designated for this investigation. However, numerous effects-
based screening values/guidelines are available to assist in the interpretation of potential risks
associated with exposures to media associated with this investigation. Several guidelines
commonly used in the region include:
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Sediment Investigation Report—Portland Harbor Section 4

4.2.1.1 Sediment Screening Guidelines

*  Washington State Sediment Management Standards (SMS) Sediment Quality Standard
(SQS) and Cleanup Screening Level (CSL) criteria (WAC 173-204).

e Effects range-low (ER-L) and effects range-median (ER-M) values (Long and Morgan
1990 with 1995 updates).

*  Washington State Freshwater Sediment Quality Values (Cubbage et al. 1997).

The SMS include TOC-normalized (i.e., TOCN) criteria for nonionic/nonpolar organic
compounds. However, these criteria are generally only effective at predicting adverse effects in
sediments with TOC content greater than 0.5 percent (Michelson 1997). Also, in cases where
high TOC (greater than 3 to 4 percent) may be due to some anthropogenic contribution (e.g., oils
or wood debris), TOC normalization may not be appropriate. To determine the appropriateness
of normalizing the organic data for comparisons with these standards, TOC content was reviewed
on a sample-by-sample basis and was performed only on those samples with a TOC content
between 0.5 and 4 percent. Of note, TOC-normalized data should only be compared to SMS
criteria to aid the reader. Both TOC-normalized, where appropriate, and non-normalized data for
nonionic/nonpolar organic compounds are provided in Appendix D.

4.2.1.2 Porewater Screeni}zg Guidelines
®  Federal marine acute and chronic Ambient Water Quality Criteria (AWQC; EPA 1995)
. Oregon State freshwater acute and chronic AWQC (OAR 340-41)
e  EPA proposed freshwﬁter acute and chronic AWQC for TBT (EPA 1997) )
Summaries of the above screening guidelines, as well as other potentially applicable effects-
based screening values, are provided in Appendix E.
4.3 ANALYTICAL RESULTS
4.3.1 Surface Sediment

4.3.1.1 Total Inorganics

Total inorganics (i.e., metals) were analyzed at all surface sediment sampling stations. Analytical
results indicated that total inorganics were detected at all stations. Please refer to the table in
Appendix D.1-1 for a statistical summary of the data or consult the table in AppendixD.1-2 for a
complete listing of the data. Figures 4-1 through 4-7 provide a graphical representation of the
inorganic results from this study.
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Sediment Investigation Report—Portland Harbor Section 4

4.3.1.2 Base-Neutral Acid Extractables (BNAs)/Semivolatile Organic Compounds( SVOCs)

BNAs were analyzed at all surface sediment sampling stations and were detected in nearly all
surface sediment samples collected in the study. PAHs were most common. High-molecular
weight PAHs (HPAHSs) were detected in all samples and ranged from 49 to 677,000 ug/kg. The
highest HPAH concentration was measured at SD032. Low-molecular weight PAHs (LPAHs)
were also widespread and were detected in about 95 percent of the surface sediment stations.

. LPAHs ranged from 21 to 402,400 pg/kg, with the highest measured concentration occurring at
station SD064. A statistical summary of the SVOC data is presented, as dry-weight -

- concentrations, in the table in Appendix D.1-3. A complete data listing of the SVOC data is
presented, as dry-weight concentrations, in the table in AppendixD.1-4. The SVOCs data were
also normalized to total organic carbon (see Section 4.2.1.1). A statistical summary of theSVOC
TOC-normalized data is presented in the table in Appendix D.1-5. A complete data listing of the
SVOC TOC-normalized data is presented in the table in Appendix D.1-6. Figures 4-8 and 4-9
provide a graphical representation of HPAH and LPAH results, respectively.

4.3.1.3 Pesticides

Pesticides were analyzed at 39 of the surface sediment sampling stations. Pesticides were
infrequently detected with exception to dichloro-diphenyl-trichloroethene (4,4’-DDT) and its
associated metabolites (i.e., 4,4’-DDD and 4,4’-DDE). 4,4’-DDT was detected in about 85
percent of those samples analyzed for this analyte and ranged from 1.0 to 3,100 pg/kg. The
highest concentrations of pesticides were detected at stations SD092 and SD097. Please refer to
the table in Appendix D.1-7 for a statistical summary of pesticide data or consult the table in
Appendix D.1-8 for a complete listing of the data. Figure 4-10 provides a graphical
representation of DDT results.

4.3.1.4 Polychlorinated Biphenyls (PCBs)

PCBs were analyzed at 45 of the surface sediment sampling stations. The only detected PCB
congeners included Aroclor-1254 and Aroclor-1260. Aroclor-1254 was detected in 20 percent of
the analyzed samples, while Aroclor-1260 was detected in only one of the 45 samples. Aroclor-
1254 ranged from 26 to 580 pg/kg, with the highest concentration measured at station SD133.
Please refer to the table in Appendix D.1-7 for a statistical summary of PCB data or consult the
table in Appendix D.1-8 for a complete listing of the data. Figure4-11 provides a graphical
representation of total PCB results.

4.3.1.5 Organotins (Reported as Organotin Chloride)

Organotins were analyzed at 61 of the surface sediment sampling stations. The most commonly
detected organotin constituent was tributyltin (TBT), occurring in about 90 percent of the
samples analyzed for this analyte. TBT ranged from 6.23 to 41,830 pg/kg, with the highest
concentration measured at station SD012. Please refer to the table in Appendix D.1-9 for a
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statistical summary of organotin data or consult the table in Appendix D.1-10 for a complete
listing of the data. Figure 4-12 provides a graphical representation of sediment TBT results.

4.3.1.6 Dioxins/Furans

Analyses for dioxins/furans were conducted at three surface sediment sampling locations.
Analytical results indicated that dioxins/furans were detected at all three stations. Please refer to
the table in Appendix D.1-11 for a statistical summary of these data or consult the table in
Appendix D.1-12 for a complete data listing.

4.3.1.7 Chlorinated Herbicides

Analyses for chlorinated herbicides were conducted at seven sampling locations. Detections in-
herbicides were limited to 2,4-D, 2,4-DB, and pentachlorophenol. The highest detections of all
three of these herbicides were at station SD080. Please refer to the table in Appendix D.1-13 for
a statistical summary of herbicide data or consult the table in AppendixD.1-14 for a complete
data listing. Figure 4-13 provides a graphical representation of 2,4-D results.

4.3.1.8 Total Organic Carbon (TOC)

TOC analysis was performed at all surface sediment sampling stations. Analytical results
indicated that TOC averaged about 1.5-percent. Please refer to the table in AppendixD.1-15 for

a statistical summary of TOC data or consult the table in AppendixD.1-16 for a complete listing
of the data.

4.3.1.9 Grain Size

Grain size analysis was performed at all surface sediment sampling stations. Please refer to the
table in Appendix D.1-15 for a statistical summary and to the table in AppendixD.1-16 fora
complete listing of the grain size data.

4.3.2 Subsurface Sediment

4.3.2.1 Total Inorganics

Total inorganics were analyzed at all subsurface sediment sampling stations. Analytical results
indicated that total inorganics were detected at all stations. Please refer to the table in

Appendix D.2-1 for a statistical summary of these data or consult the table in Appendix D.2-2 for
a complete listing of the data. Figure 4-1 through 4-7 provide a graphical representation of
inorganics results.
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4.3.2.2 BNAs/SVOCs

BNAs were analyzed at all subsurface sediment sampling stations and were detected in nearly all
analyzed subsurface sediment samples collected in the study. Similar to the surface sediment
results, PAH constituents were most common. HPAHs were detected in all but one core and
ranged from 135 to 152,700 pg/kg. The highest HPAH concentration was measured at SD035.
LPAHs were detected in all cores and ranged from 34 to 69,410 pg/kg, with the highest

measured concentration occurring at station SD0S55. These data indicated that PAHs were, in
general, more elevated in surface sediment samples.

A statistical summary of the SVOC data is presented, as dry-weight concentrations, in the

table in Appendix D.2-3. A complete data listing of the SVOC data is presented, as dry-weight
concentrations, in the table in Appendix D.2-4. The SVOC data were also normalized to total
organic carbon. A statistical summary of the SVOC normalized data is presented in the table in
Appendix D.2-5. A complete data listing of the SVOC normalized data is presented in the table

in Appendix D.2-6. Figures 4-8 and 4-9 provide a graphical representation of HPAH and LPAH
results, respectively. ‘

4.3.2.3 Pesticides

Pesticides were analyzed at 20 of the subsurface sediment sampling stations. Pesticides were
infrequently detected with exception to 4,4°-DDT and its associated metabolites (i.e., 4,4’-DDD
and 4,4’-DDE). 4,4’-DDT was detected in about 65 percent of those samples analyzed for this
analyte and ranged from 4.4 to 22,000 pug/kg. 4,4’-DDD was also detected with a high frequency

(80-percent) and ranged from 2.2 to 29,000 pg/kg. Highest concentrations of both 4,4’-DDT and
4,4’-DDD were measured at station SD092.

Please refer to the table in Appendix D.2-7 for a statistical summary of pesticide data or consult
the table in Appendix D.2-8 for a complete pesticide data listing. Figure 4-10 provides a
graphical representation of DDT results.

4.3.2.4 PCBs

PCBs were analyzed at 23 of the subsurface sediment sampling stations. PCB congeners most
frequently detected included Aroclor-1254 and Aroclor-1260. Aroclor-1254 was detected in
about 61 percent of the analyzed samples, while Aroclor-1260 was detected in about 39 percent
of the samples. Aroclor-1242 was detected in one sample. Aroclor-1254 ranged from 15 to
1,500 pg/kg, while Aroclor-1260 ranged from 24 to 810 pg/kg. Highest PCB concentrations
were measured at station SD133. These data indicated that PCBs were, in general, more elevated
in subsurface sediment samples.
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Please refer to the table in Appendix D.2-7 for a statistical summary of PCB data of subsurface
samples or consult the table in Appendix D.2-8 for a complete listing of the data. Figure 4-11
provides a graphical representation of total PCB results.

4.3.2.5 Organotins

Organotins were analyzed at 25 of the subsurface sediment sampling stations. The most
commonly detected organotin constituent was TBT, occurring in nearly 70 percent of the samples
analyzed for this analyte. TBT ranged from 25 to 13,350 pg/kg, with the highest concentration
measured at station SD133. Please refer to the table in Appendix D.2-9 for a statistical summary
of organotin data in subsurface sediment or consult the table in AppendixD.2-10 for a complete
listing of the data. Figure 4-12 provides a graphical representation of sediment TBT results.

4.3.2.6 Dioxins/Furans

Analyses for dioxins/furans were conducted at three subsurface sediment sampling locations.
Analytical results indicated that dioxins/furans were detected at all three stations. Please refer to
the table in Appendix D.2-11 for a statistical summary of these data or consult the table in
Appendix D.2-12 for a complete data listing.

4.3.2.7 TOC

TOC analysis was performed at all surface sediment sampling stations. Analytical results
indicated that TOC averaged about 1.8 percent. Please refer to the table in AppendixD.2-13 for

a statistical summary of TOC data or consult the table in AppendixD.2-14 for a complete listing
of the data.

4.3.2.8 Grain Size

Grain size analysis was performed at all subsurface sediment sampling stations. Please refer to
the table in Appendix D.2-13 for statistical information and the table in Appendix D.2-14 for a
complete listing of the grain size data. '

4.3.3 Sediment Porewater Analysis

4.3.3.1 Total Inorganics

Total inorganics were analyzed at all 28 sediment porewater sampling stations. Analytical resuits
indicated that total inorganics were detected at all stations. Please refer to the table in

Appendix D.3-1 for a statistical summary of these data or consult the table in AppendixD.3-2 for
a complete listing of the data.
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4.3.3.2 Organotins

Organotins were analyzed at all 28 sediment porewater sampling stations. The most commonly
detected organotin constituent included tributyltin (TBT); occurring in 25 percent of the samples
analyzed for this analyte. Detected TBT ranged from 0.03 to 0.45 pg/L, with the highest
concentration measured at station SD128. Please refer to the table in Appendix D.3-3 for a
statistical summary of organotin data in porewater or consult the table in Appendix D.3-4 for a

complete listing of the data. Figure 4-14 provides a graphical representation of TBT porewater
results.

This docurnent was prepared by Roy F. Weston, Inc. expressly for the EPA. It shall not be disclosed in whole or in part without the express,

written permission of the EPA. *
98-0326.doc 4-7 . 13 May 1998
DCN 4000-19-36-AACE '
5 %8 -
6325




SECTION 5

REFERENCES

Allen, JR. 1975. Volcanoes of the Portland area, Oregon. Ore Bin. 37(9):145-157.

Beeson, M.H., T.L. Tolan, and L.P. Madin. 1991. Geologic map of the Portland Quadrangle,
Multnomah and Washington counties, Oregon, and Clark County, Washington. State of Oregon
Department of Geology and Mineral Industrles, Portland, OR.

Caldwell, J.M., and M.C. Doyle. 1995. Sediment Oxygen Demand in the Lower Willamette
River, Oregon, 1994. U.S. Geological Survey, Water-Resources Investigations Report 95-4196.

COE (U.S. Army Corps of Engineers). 1998. Report of Environmental Roundtable, Portland
District Office, 15 January.

Cubbage, J., D. Batts, and S. Breidenbach. 1997. Creation and Analysis of Freshwater Sediment
Quality Values in Washington State.

EPA (U.S. Environmental Protection Agency). 1997. Draft Ambient Water Quality Criteria for
Tributyltin.

EPA. 1995. Interim Draft Water Quality Criteria Summary Concentrations.

Farr, R.A., and D.L. Ward. 1991. Fishes of the Lower Willamette River, Near Portland, Oregon.

Fishes of the Willamette River - Draft. Oregon Department of Fish and Wildlife, Research and
Development. Clackamas, Oregon.

Long, E.R., and L.G. Morgan. 1990 w/1995 update. The Potential for Biological Effects of
Sediment-Sorbed Contaminants Tested in the National Status and Trends Program. NOAA
Technical Memorandum NOS OMA 52.

Madin, LP. 1990. Earthquake-hazard geology maps of the Portland ihetropolitan area: Oregon
Department of Geology and Mineral Industries Open-File Report 0-90-2. 21 pp., 8 maps.

Melcher, K. 1998. Fishery Biologist, Oregon Department of Fish and Wildlife, Clackamas,

Oregon, personal communication with R. Sturim, Roy F. Weston, Inc., Seattle, Washington. 28
January.

Michelsen, T. 1997. Washington State Department of Ecology, Bellevue, Washington. Personal
communication with N. Musgrove, Roy F. Weston, Inc., Seattle, WA.

This document was prepared by Roy F. Weston, Inc. expressly for the EPA. It shall not be dlscloscd in whole or in part without the express,
written permission of the EPA.

98-0326.doc 5-1 . 13 May 1998
DCN 4000-19-36-AACE

0UZ0




Sediment Investigation Report—Portland Harbor Section 5

Tolan, T.L., and M.H. Beeson. 1984. Intracanyon Flows of the Columbia River Basalt Group in
the Lower Columbia River Gorge and Their Relationship to the Troutdale Formation.
Geological Society of America Bulletin 95(4): 463-477.

Waitt, R.B., Jr. 1985. Case for Periodic, Colossal Jokulhaups from Pleistocene Glacial Lake
Missoula. Geological Society of America Bulletin 96(10): 1271-1286.

WESTON (Roy F. Weston, Inc.). 1997a. Executive Summary of Historical Sediment Data, Site
Investigation, Portland Harbor Area of the Willamette River. Prepared for the U.S.
Environmental Protection Agency by Roy F. Weston, Inc. June 1997.

WESTON. 1997b. Sampling and Analysis Plan, Site Investigation, Portland Harbor Area of the

Willamette River. Prepared for the U.S. Environmental Protection Agency by Roy F. Weston,
Inc. July 1997.

WESTON. 1997c. Work Plan Addendum: Site Inspections—Willamette River SI. Prepared for
the U.S. EPA, Region 10, Seattle, WA. Roy F. Weston, Inc., Seattle, WA. July.

WESTON. 1993. Work Plan: Site Inspections—Multiple Sites. Prepared for U.S. EPA, Region
10, Seattle, WA. Roy F. Weston, Inc., Seattle, WA. November.

This document was prepared by Roy F. Weston, Inc. expressly for the EPA. It shall not be disclosed in whole or in part without the express,
written permission of the EPA. ‘

98-0326.doc 5-2 13 May 1998
DCN 4000-19-36-AACE 6127
i




FIGURES

98-0326.doc

GJIZ8




RM 4
X
RM5
XX
 PORTLAND
STUDY AREA -

Modified frd;H'NOAA Nautical Charts, Portiand, 1967 and
Columbia R;ver Saint Helens fo Vancouver 1968 -

Oregon

EXPLANATION

R!\)ﬁ 1 River Mile Marker with Identification

" Portland Harbor Sediment Investigation
—— ' Portland, OR
Scale in Miles . Study Area

® FIGURE

WANAGERS DISGHERSICONSLLTANTS
. . -
98-0232 Fig1-1.fh7 ) o . =




HdV'2000-88

- i (ST “.m
L€ H

!

1884 000l  00S 0 005 I

“piRtod o ki5)

=

1863

0'S INY pue G'€ N
usamjeg suoneoo
Buidweg juswipeg
2oeunsqng pue adeuns

uobaiQ ‘puejuod
uonebisaAu| JuswIpses
10QJeH puefLod

ary)

(8] L

09




UdV L900-86

z-€ —

unbiyg e

1984 0001 00S 0 005

| {poeiiod o

*R19AC09S WSIUNSU] O) 8NP POISIIOD JOU $8M ¥S0-TS 910N

*KISAGO9] JUBIOYNSU| JO/PUB UOINLSQO
@aRpNSqNS G} enp uopeoo; Buydwss Juswipes
SORUNS YA PAJEIOI-00 @4 10U PINCO O1dLIES Q0 SHEPUL O~ |
uonRoo] SuliduRs JURWPes KIRUNS
uoReao) BUKILIES FUSLIPES S0RLNIGNS PUB KBNS v
. suopEIsS

NOUVNVIIGE

30

63

0'9 NY Pue 0'G W
useamjeg suoljeso
Buldwes juswipas
aoBUNSgNS pue 8%e4ng

uobaliQ ‘puejuod
uonebiseAu| Juswipes
loqieH puejuod -




Udv 190086

€-C INETS

onbiy

e
1984 0004 00§ 0 00S

uopsoo| Bujjdwies Juswpes RN
uoye0| Bujdwes SIUSLIPES SORUNSNS PUB BIBUNS ¥
suofms

NOLYNVIGE

0°L Wd pue 0°9 N
usamjeg Ssuo|jeso]
Buidwes juswipaeg
20BUNSgNS pUE 80BN

uobaiQ ‘puejuod
uonebsaAu| Juswipses
logJeH puejuod

«

“(Pusiiod 10 Ay0) OULSNW :eamog deyy

1661




p-€ NG
wunBigy
1994 000} 00S 0 00§

*KI9ACORS JUOPYNSL| JO/PUR UOKINISGO
eoRuNEqNS G} 8np uoeoo] Bujdwes Jewipes

S0BJING LY PRJRO0}-00 94 JOU PINCO IAES QI00 SMRDpU| O~
uo|}e00] Bu|idUWIes JUSWIPIE SIBLNS

B pus v

RS0 DU ¥ P cadlar} NS

suops
‘NOUYNYTIX3

0'8 WY pue 0°L AN
uoeM]ag SuUOleo0]
Buidweg juswipas
aoeuNSqNS pue 8oeung

uobaiQ ‘puejuod
uonebysaAu} Juswipes
logleH pue|Lod

by

2661 (PUSRIOd Jo AD) OMLTIN 8unoS dey




g€ S

e ™ s
1984 0004 00§ 0 00s

uopeoo] Bujjdwes Juew|pes esepng
_uopeao] Bujidwies Juew|pes SIBHNSGNS PUB SIBUNS v
suogels
‘NOUWNYIDE

G'6 Wd-08 NY
usam}ag Suoieoo
Buydwes yuswipss

20BUNSqNS pue 89eyng

uobaiQ ‘puejuod
uonebiyseAu] Juswipas
JogJeH puejuod

2661 "(PWRIOG 10 AiD) OULIN :0mos dow




V¥

ainbitd

a|I 1oAY Jod SUONEIUBOUOD DJULBSIY
JOALY SPOWE]IIM

1oAY SJIAWIEIIA 4O BPIS ISBMYLION ‘BJdWES JUSWIPaS S0BYNS

MY BPOWE(IAN JO SPIS PUEHOG 1SSMULION 'ajdWEs JuBLIIPSS @oeunsqNs
oA BUSWEYIM JO BPIS PUBINOd UHON 'sjduues JUSWWIPas 83BHNS

1oAY SHAWEIIM SPIS PUE[IOC YUON 'SjdWes JuawIpas 30Bpnsang

tedul g |

066

00°L 059 009 0SS 00°'S

SILN 10ARY

- Te . -
PR H Lo " vh v
b ! BEERRERRIE | ! ERRRN
H . H : ! i
[ [ i o bl ] : { S B
T t T
N e | Pl “ b _, b b
R T i S T B i : jood i I T
I T 1 { v B
o SRR R B M | b _ SR
\LiJ_L_ __m__ ﬂ ; “_ T ~w.~,l =
i N | A ' R R i
LI N ! ! | i,
. D P iEg i Cm o ) ol : o=
Lo o A 1 Pt m._Jm"""_ : i
T T M RN B e i ” ~
i . I e i i I '
" . IR IR A _ Co L im T ml ol
| i - ¥ _MM“ Pl _m"“.w_ m_
' R T T I '
e D REERE o SRR | b
. b Pt | - i “,.”___w_# ! .
: L. . __: it T N ! L
- _ I I o i i - R e b R
T 1 | T B 3 : LI . ) Lo . L N
by . SRR HEENE S “ _ I I A _“w__,“_
. N PR S ST A N Py H R S T S D T R S
PR b I R S . i P : ; ] ! L I——
v i I P BT N
N O A R R R EEEREEREERIE R R EE R
X : N b f I R N T RS R :
: ol o ;o i P Popob Pl tlo— . L
i copt N ! : P! o o . 2 ]
-- : HE V- X P C A T ] [
T . : R , _,
: H i N N . !
: : . [ H
O - ' i R : ! -
- — " g = ) s X ;
P : . il :
I T S { s :
oo LI ¢ :
1 . i

o
-—

cl

147

ol

8l

(By/6w) uoyyenuaduoy




O
©
tow |
D

21°8820-56

I .
N 1oAY SBWEYIIM JO BPIS 1SOMULION ‘SjdWes Jualuipas aoBung
18A1Y SUBWEJIAA JO BPIS PUBIHO JSBMYLION 'a|dWIes JUSLUIP3S 90BUNSqNS

a__s_ JoAry 1ad suoijesjuasuon E:.Evmo 42N SHSULIEIM JO 3PIS PUELO YLON 'SIAWES JUBLLIPSS 398Ling
J9ALY 9)JOWE]IIM 1oAY SHBWE[IAR BPIS PUBILOG YHON 'SidwWes Juawwpss adepnsqng

COoN

- - oIl JoArYy

056 006 0S8 008 0S5 059 009 0S's 00'S 0s'v 00Yy 0s¢e

0L
m B ;nf_.;,.i Y= AR
| om. 'm P e RS e NN e e o LR
T hg ¢ B OoE BB R N S SR BN U e B B BN
g R I S A L A SR I R [ R BRSSO S UM S OO PG SR
| R N e L N
_ P mMm_‘____m_AW,_mm__ Pl : b P P
(1 T T S A T O A Py A [
[ S A A BEREE g ERRE
: 4 SR A T N TN S SO ST SO S SR S S S S N N N NN SRS SR SN S AU SO S S DA S [ z
: N B . N A AR B A O R R Qo g
i [ [ [ i R B A it 3
: ) A A A T B B ; N A (4| Pl a
i -nwm__“ _.m___“_ I e m_mw_ i o
Coi P [ I SO R A R O P S N A 4
Py I N T I A AR IR I R N T S\ A i ¢ B
j I N R T T R i T e T i o
_ R N S i i A 3
_,—.M,,,_ R N I g SRR B _ g
IR N AT N T 0 R O I T O O U L A O A S U O A RO 5
! I L Y | R B | 4 PR T S T R |
“ S TR TS T T A T A I R B S Pl i N ! y =
i i PR R A A L Y A D R I HE [ |
| _M_.._,_.m_.__ P | ; N [ T T - N
[ b b A PR I Coh P “ P A
SR I I I , o : P I o D .
T A B S L. i ‘ T _ - Pl
O P j e _ , o g
TR A _ | o N ! “ A |
AR N A o P P i TR B :
.k,A_ l t i i | [ m.
R : . i : S [
T [ . i . ' [
9




ob

63

887086

SUWINNGISYINOGIT SO
MIv JAAIY SRBLUBIIAN JO OPIS 1SBMUMON ‘3|dWes JUaWipas 80BUNg | o 1
anbiy JOAY SBLWE|IIAN JO SPIS PUB[HIO ISSMYLION ‘9jdWes Juaipas aseunsqns ’
) JOAY DHBWEIM JO 3PIS PUBJLOY YUON 'S|dWes JusLipas 80Bung [}
0—:2 .-0>_m ._QQ w:o_uﬂhucmocoo E_J_EO.—_._O 1aAlY SPBWEJ|IAA SPIS PUBIHOJ YUON ‘Sjdwes Juawipas soBpnsgng o
1oA1Y d)BWe||IM
- 9NN 4aAlY
056
i
i
{
i
; M : m !
: R m——— ] . m _ 9
! A IR ,w _ : 2
H . H | ! i ! i . “
. i : : i P i i ! ! 3
; T : _« ! i : 3 J 1 ; - i g
EEEEEREEE ot o i e | g
, oy | i P ! ! ! o HE ! : i | ¢ ; y -
S I A e o pmr e e o I e = 00} 3
N e , A R L ,, w | .,, - %
SRR SRR R _ < | &
N N A 0 0 O S I O O O S e m i e 0zl
: R Voo P R P ' ! ' i _ : P
SERRERRERE REREN EEEEEE RN RESAERERE R PN
A AR o : e - T | I
I A S ; | o N o .
: L S “ : R T m ,, A
i i v . ' N N \ -
; : : ] . i |
: , ! 08}




37

03

3y°8370-86

Vv

9IIN J9AlY 12d suoijesyuasuoy Jaddoy
J9ALY B)33WejlINM

Jary anawWelA JO SPIS 1SSMULION ‘Ijdies JusLpas adeng

J2A1 BPIWEYIM JO BPIS PUEIO 1SIMUUON ‘Bjdules Jusuipas a0BuNsGNg
JanY SYBLIEIM JO BPIS puBOd YHON ‘sjdwies Juswipss soeung

QDOI

JanY BljBWE)iM BPIS PUBILOG YMON ‘Sjduies Juswipas 2oeunsqng

SINIMENITIMOE) KUI0mm

096

00°L

oI 4oMY
059

00l

00¢

00g

ooy

- 00G

009

004

_ : ﬁ,a._ i .v,,__,.,M w,“._.. n

_ Qil ; l_o_lu i ._Hml.iu_luln_ ! 1_ ml,r , !

! R OA P .u”.".a _ T
OMD_mmhnﬁmm Cra il rr T I T T
IR~ B L | _:v,_*,_ b P | P
AREERELI NS m__;_ﬂ____.m BASRE RERRRRRRRRRNE
R ! ; ' P o [ T 0 T \ | i
EEEEEE R RN RERRRRRRR R

A N N SRR L N A SRR SR i b
T o _‘___ e ” I i | o

RN R N R R RN RN

Pt i L ﬂ_." L gy b ! i i b P L i

Do Cp ot e o R T R Qs ™ m g T

SEEEE L AEERERE R REEEEE S SRR R R DR RIS

P ST N N L N R I m Lo ! L d

T T T T e T

_ | B I A b - P | U _“ [yl I

L] BRI BRI SEREEE SRR EEEN N BEEE P

RENR . B RN R RN

P — : m,,uli,-lm P ”,““,_"MW :_W_MH
! . P T ,

%, BEREN EER S

' - ' { o [

008

{ByBuwi} uogenuasucy




0928

%3 8820-86

ml.v . JBAL SPSLUE|IAN JO OIS JSIMULON 'B{UWIES JUBLUIPSS 30BN n . poen 28;3
2nByy 1oAY SNBWE|IM JO SpIS pUBRIO JSamULON ‘SldWes jualpas 30eunsqng ‘ J
w—_ s_ 10 >_m .._QQ m:o_uﬁ L“—.C@OF_OO —uﬁ@l_ ) oMY SYaWelAN JO BpIS PueOd YHON ‘gjdwes Juatuipas a02ung [u] .
.-Q>_N_ OHHQEN___; Jany ayalElip apis _Em_tom yuon ‘sjdues E.ws_umm 30BUNSANS - 0
) — —_ BIN JeAry
056 006 05’8 00’8 054 00°L 0S'9 009 0S'S 00's s’y 00'¥ 0g'e

{ByBws) uonesuesuoy

s : 00z}




3y 947086

ol.v 19A1Y aN3UIEJIIAA JO BPIS JSIMUUON ‘2IdWES JUBWIPas 30epNG

anbyyg JaAY BNBWE|IAA JO BPIS PUBILO JSSMULION 'ajdWes JuaLIpas soeunsqng

S[IIN 19A1Y Jjad suoijeljuad’uo) a:u._ws_ oMY SHBWEIIM JO SPIS PUBIMOJ YUON '@jdwies Juawipas adeung
: . : : J3MY SJBWEIA 9PIS PUEILOG YHON ‘2|dWES UBWIpas aoeunsqng
191 SR

Snem

SN 1oAYy

056 008 05, 002 059 009 066 - 00'S 0S¥y 00y - 0s°¢

‘ &1 0
: L Y - " m _ w [&]
_ O | 1 iy ENy om g ® lomom g e vy
| Py Sty G MR WY || R g o Rt $E |
w o B T B A M S S Y- T A B L~ B O TH,
i __u” I R bt B ,J__WED__B,Q_0~ "A_ _¢ [
“ _ Ole | v, je | 5 b 74% ERER4REEER T
H - "”"”_“".h_m -M.WH * | T ™ 1 rAl
| S TSR AT R L O I O AT R U O O I A AR B O SR R
| BT RN Ll e 0
| R - RN _ o N = N
b Py LN oo b o - b i . - e o
B _ _ IR P b Pt , : b w8
T w ” T S T — 1 S v0 g
| R R R BN g
", | S SR D S IR : S o &
r R R BEREE P ! S ]
B L e SRR RN N E RS EEE N (PO
L R BN F T &
i N R L RN [0 I 1,0
N I R R R R R “ ‘
m o | - — 1 g0
; i : A
m 1= . : i RN )
A | ) o T Do mo
_ ” F




0340

9y 3820-36

Ly

a[IlAl 49A1Y Jad suopesjuasuos JurZ

J9AIY SapdWelIM

JaAY ARWEIM JO BPIS 1SBMULON "3|dWES JUBWIPaS S0BUNS

13AY SPBLIBIIA JO SIS PUEBILIO ISSMYMON ‘3jdwes Justwipas saBunsqng
19ATY SHIWE|IIM JO 2PIS PUBILO YHON 'BidWES Juslpas S0BuNS

1oAY SUBLE|IIM IPIS PUBIOY YLON 'Sjdues JUoWIpss SIBUNSqNg

onem

T

056

AN JaAlY

0S¥

- 001

002

ooe

oot

00§

009

T

I

[ A S R S R

I I

H T R

RERNEL w

SR i {

IR i | : ! ;
TR m i | | T e |
RS ER RN m | | EENEEERECE L
! SRR i R B P : Coh ¢ I { |
L o+t im _. LI I N N B i P | R | C
R BN “ T T LN I
AETRER N R LI N - DU R I B R O EEEEEEEE RN .
[ S T B [ T A (I T T B . .”.“_._M_‘__A“n [
200 NSNS L O A O O ! b e lirae A
T I I N AR ] R L rog R
A i i i [ T _~_ I T A R [ D
I A S S R B | i i * [ I T O e sy
._.m”,_ | { i ; m_._ A T U P Pogor
m"___ﬂ." [ e [ R nm_.“_ Q. i o
[ T T A S [ ) T I O I I S S A S | H

S T O ! ! oo i o0 RN ] ]
P T A A ! i : b [ - S ! :
A SRR L D L P N . |
: _’M_.“\r-yf-_»" _ : : L P : !
R L a— - - R - 1
il R M v ‘ .
- . ' “, ,,

004

(6/6w) uopenuasuony




0341

3387086

Sy

ajIN JoARy Jad suoieUadU0Y :<n=._ |ejo)
18ARy apswelIp

JaARY GUAWEJIA JO BP]S ISSMULION ‘B{dWES JuBWIPSS adepng

JoAY aNBBIIAA JO 2PIS PUBJLIO JSaMYLION 'SjdLLES JUBWIPaS SOENNSGNS
Jany anBWeIiM JO SpIS PUBOG YUON ‘ajdwes Juswipes 20eung

1oAY BHBLWEIIIM 9PIS PUBJLO YHON ‘9jdies JusWwipss a0epunsqns

ooem

SINIVENIISUINGGI 7Ny SHI0Vem

05’6 006 - 068 008 - 05%

IELINY
059 009 05°G

~ ! R R R ER O
SERERERREREREERNRREEER REREE T
o L
_ Lo . SN 11 S SN A bbb L 000002
! T EBEREREE BN NN T
_ _ H .“__._“ _“___N" Pt m,,w"_
{ | | N _____.“._ _W_ “MMMM
_ . T N | i M RN Pl 00000€
P o Pt “ L W P o
w m RN e 2 ] - w 00000
_ L L w bt , IR Et |
cop by i N Clo P i g ,
f P 1 F L A ; P : Pt P |
TR _ . ! i - i T} 000008
o { NN D B h 1 1 v
| __n _ N . L ! | | i ,
w_ __"._m_.“._ _._ - “ “m_ M ._.ooooom
S R SRR RN RN Pl Prbl P
P _” bl b Poon ;o L R N oy
: ] : : : e R . T S ————- 00000L
. _NMM : , M.mm. i , M m,
N : SR . — : —! 000008

(6%/6rl) uonenuasuoy




By 887080

le 13A1Y SPIWEYIM JO APIS ISPMULON *BjdWes JUBWIPas 20EUNS s o T ST
by JBAY SNRWE|IIM JO PIS PUBRIO 1SAMyNON 'ajdwes Juatuipss soBuNsSqng &
ARy Jad suonesusou - 1aA1Y SHIWE|IM JO BPIS PURLOL YLION ‘ajdwes JuswIpss 32epung 0 .
WMWE_K._ M&WEN— I ey OU Hvd1I®0L 1oAY SHBWEIIM PIS PUBHOY YHON ‘Q[dWEs JusLuipas a0eunsqng &
- - cuwsemy )
056 006 058 00'8 052 00°2 09’9 009 05°S 00'G 0S¥y 05°¢
000'0S
m 00000}
000'051 o
i 3
—} 000'002 m
_ :
—I 000'0S2 =
H Q
m 000'00¢ —
_ :
e : : , : —{ 000‘0se
! b i ! m . ; NN : . P |
EERERENE NN | R : @ ; D .
SR EEEI T : -t : , — 000'00%
Ponad i : : . j w 000°05




0343

9y 8820-86

oL-¥

wunbiy

91N JoArY Jad suopesjuasuogn jqq
19A1Y aBWe| M

13A1 SNBWEHIM JO 3PS JSIMYLION *a(dLueS JUTWIPaS soBUNg

1BAY SHIWENIM Jo BpIs puefIod ISBMULON ‘ajdwes jusuypes soepnsqng
13ARY SYBWENIM J0 BPIS PUEJLIOG YLION ‘3idwes JuaWwIpss aoelng

18Ny SHOWEYIM apIS PUBIOY YHON ‘sjdwes Juawipas soeunsqng

ooem

e!%@g
»

hatt - SIN J8AYyy
056 00'6 05'8 00'8 052 002 059 00'9 0s'Y 00y 05'¢
_ _ _ e 0
o SR | EER |
B AR ! EEEREN
- L N _m EEREREEE .
: T ——1 000's
' ._*M } m i !
Py , ; _ m
BEEN RERERERRRRE o
. L 000'01
_ i .w*h ; __*_~ | i 3
c | b [ P i ! 3
;i : ol . BEREEN ! g
N ! i LA . . ¢ 3
| “_ RN EE B i oo'cy &
L EERERED ENENE M;QE iy o0k &
N it BERERENREREEEE |
B : __ . ‘ mm __ ; _.m b
A ] m et ——— 0000z
: o b I ST
] i ' : ! : .
: 000'6Z




3yy°8870-96

~
<y
D
O
—\ —\l.v oMY GRBWEHIM JO 3piS ISIMULION ‘8|dWes JuLIPaS 90elNG " =] o Eeiuly
anbiy 1A a)laUIB|IAA JO DPIS PUBJLIO JSOMUMON ‘Sjdwes usw|pas aoeunsgng ’
ETl JOAIl ._QQ suonelIlua’I’uUo 43Al SRBWIRIIAA JO BPIS PUBILO YHON ‘sjdwes JuaLpas aoepng In]
1 hys_m wuu.W—EN___ ; .u u 0 mo& _Nﬁo._.. 13A)Y SUSWEIM 3PIS PUBILOY YMON ‘Sjdwes Juawipes adeunsqng O
- alw JoAY
05°6 00’6 0S8 00'8 05°2 00'L 0s'9 009 0sy 00y 0s’c
b \._JU ! .0 0.. Cod i ,_mJ-" il . [ m.l.lﬁ O
e SRR RRERE Y
EE-REE m L SEEEREEREER
! Dol ' [ by : i
m I i " [ L . :
L : : “ ~T 0000%
_ i i o “ | b 8
“ ! - M m . H
i : _0 w N 00009 &
i H ‘ I Lo g
! I | ! §
m AR | ” m 00008 %
' H 1 N =
| P BRR 5
" RN ! “ N =
M B —— _ : 00000}
| S ! i ,
N N | “ IR
o1 - i 1 : : i . i Do
N j r : 7 00002}
— 0000%L




0345

3882086

¢y

aunbiy

alIN JoAly Jad suonesUdOUOY | g JusWIPaS
J9ALY aYoWEl|IM

1oAY aaUIBHIA JO BPIS 1SIMULION ‘JdLLIES JUBLUIPSS S0BUNG

1A SSWEYIA JO SPIS PUBIHOY ISeMULION ‘Jdwes Juswipas saepnsqng
anY BYSLUENIM JO BPIS PUBIIOd YUON ‘ajdules Juswipss soeyung

18AY BUSLUBIM BPiS PUBIHOG UHON '9jdiWEs Juawipss soepnsgng

ooem

SIMVSINAIOE mw Sa00m
L]

052

o
.
o

056

Bl JoARy
059

o
w0

0g'e

i

ﬁo

.0m0 i ol u [l A s , VRO ¢ P San = , .
IR Lo PR e e T
” a o T Ly N - N .
RN RN R N R _ T oo
EREEE RN RN - | BN ; ‘m"_“_wm_.__ .
RN T 7T m S R A R B B R ] T | 000°01
A R L e TN B I O ! ”».m_w_mfm_w
! [ i L oo b I Loy Y Coe i
. T P . m T e e R — 00'
___":__M_ m_m“__m_" NI AN SEERE : BEERE __oooﬁm
: u“_ ) ._” e N ‘”.ﬂ w““_" ' e B
ERREREERRERRRRE NEENREREE RN T [ o0z
e . N I S AEAE L N SN S N U U0 1 A _Mooo.mmm
EEEENEE R RN EERRENRR RN R RN R RN B £
I S . TR O S S : R I BN RS i ! T . &
T T B I e e 1+ L+ oo0'oe €
EEREE RN R P IR A A A . o

! L . i : Do Pt . b L. \
T T A S S I S N R R T 000'6E
Lo v w ﬁ ST N R N PRSI w AR ;o

- . SR ———— - — | 000°0F

i L ;o ”

: 000's¥




AJH‘
D

Bu°8370-36

Clv

einbyy

3|1 J9AIY Jad suoneuUaIU0Y O-1°Z

19ATY apaWe|IIM

JaARy BlJaWel|M JO 3pIS ISBMUMON 'S{dWES JUBLLIPSS 20BUNG
13AY SUILLBYIM JO BPIS PUBJHO JSSMUMON '3JdLIES JUSWIPSS S0BUNSANS
JaAry SHBWEIM JO SPIS PUBJLIOL YUON 'djdWes Juswipas soeung

oOem

JaA SPBWEIIAA SPIS PUBLOL YUON 'gjdwes juswipas soepnsqng

SINIYSHOOSYINIGR I
*

056

006

ey
0s9 00’9 09's 00's

sy

00y

0s'e

oL

0z

oe

ov

0s

09

04

08

06

B o m ! A Coi SR
L i ! U o i RN L
HEH [ H " ] H 1 [ |
. R i A_m P mn_ ___._ N
P m | : P L R I T R SRS S
- : . : i : ] . -
F i T . ! :
C i R ! R T ! Dot
_4 C | | . [ S R T S A A
_h ol ! (- . [ vl “n_ww.[ J—.
: O | i ; I S R R N R A N R
P Pl o m . n R A
L Lt . i ! - : : [ A N
H T o ! h
H b [ T T A “ R R B
: ot | ! } g i L
: P “ oo i DA
. i T - . I i R B
1 EY T —— o
: —— ; i T ¥ 1 T
! . P byt P R i R
b P Pl L “ N L
— - : il et : ;
b il P ”_‘“._*mm,_ A _ Pl
} oo FEE [ ' ) by o i D S
= e e I : SRR A : e
b Do R N N T T
. P P Lo j RIS I B R
; N B I ! : I
N , : : . ; .
m _ m o u_“ ! . i !
m : : : ! i
: i ; ; - -
I i ] i i

001

(6y61l) uoyenuasuoy




0347

3882086

SV NDOVIPOG SHItIem

_ ] }
.v P v . : JaAy Sljaweliip JO BpIS 1SBMYLON ‘SidLUES JUBWIPaS 3B)ng
by 9A1 SUSWEJIM JO 9piS puBIHOG JSaMULION ‘3jdwies Justuipes soegnsang
4aA1 BHSWEIIAA JO 2piS PUERIOd UHON ‘3|dWes juswipas aveung

oA BUAWEIIA SPiS PUBMLO YUON ‘sjdwies jusuwipas soepnsgng

Sl JaAlY Jod SUOHeUSOUOD JBJEMBI0 JUSWIPIS
1oNY SjjaWEYIAN

oneom

- - a|I JoA1Y .
056 00'6 05’8 00'8 052 00'Z 059 00'9 0SS 00°S 05y 00y 0s€

___$ w T - - = © 0
o “.““ u | PR H
: P _ ._,_,_A.mﬂ_o.h« ﬂ“mm___,._ .
H ! B HE | S N B N
: B¢ ! T 800
; IR ! B I T A A R B
— _ ; N T R S T AL S S S |
H A B H P T T T '
P I | L P : Lo
— i NN OV O N B N A :
__ Coy P “ T I B 1 S0 o |
al BRI R T g
; : i U TS LI A S R . .
“,,_ [ _N_M“.N_A._mm o | NO”w
by [ : . T | _ ; =3
”_ ﬁ__ N m__“.__ . .m
L *__.m_ ! ! T N R R R — G20 &
_ L RN EEREERER NN m.m.ow
P Py N R R R S _ =
H H A_m : m M
NEEN ARNEERERRRERR RN B &
T—— — R ol .
_ N RN _“_“ ge'o ~
F R | H 3 i P |
- _  —— BRI RN 1
: vt : . N . ; 1 vo
I Cod N i P !
_ L e I o R WMM,A_,,,,,_“.
T O 4] - . L S S SO R coar N
: o T " A ; f S¥o
P ; A S :
' ' P R “M_ , |
S0




	Cover Page
	ARCS Quality Assurance Concurrence
	Table of Contents
	List of FIgures
	List of Tables
	Section 1 Introduction
	Section 2 Background
	Section 3 Project Description
	Section 4 Sampling Results
	Section 5 References
	Figures
	Maps & Pictures
	Charts


