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USE OF THIS SITE INVESTIGATION REPORT 

Work for this project was performed, and this report prepared, in accordance 

with generally accepted professional practices for the nature and conditions of 

the work completed in the same or similar localities, at the time the work was 

performed. It is intended for the exclusive use of Port of Portland for specific 

application to the referenced property. This report is not meant to represent a 

legal opinion. No other warranty, express or implied, is made. 

L WG-PCI0090297 



PREFACE 
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For over 150 years, the residents of the greater Portland area have relied on 

access to international markets via the region's river system. The Port of 

Portland (Port) and its predecessor, the City of Portland Commission of Public 

Docks, have provided navigation channels and public facilities for the marine 

shipping needs of the State of Oregon and the region since 1891 and 1910, 
respectively. The Port currently owns five marine terminals that serve 

commercial activities in the harbor and handle half its vessel traffic. The other 

facilities in the harbor are privately owned. 

The docks and shipping channel continue to play a critical role in providing a 

means for bringing goods in and out of our region. To facilitate maritime 

commerce, most channels, docks, and slips need to be periodically dredged to 

maintain water depth for navigation access and vessel safety. Dredging removes 

sediments which accumulate as a result of natural siltation in the harbor, a 

process during which suspended sediments from upstream sources settle out in 

the slower moving waters of the harbor. Dredging has been a necessary activity 

in harbor development and harbor maintenance, and dredged materials have 

been used over time to fill areas such as Oaks Park, the NW Industrial District 

(Guilds Lake), Swan Island, and Rivergate. 

Between the years of 1992 and 1998, dredged materials from various Port docks 

and slips were taken to Ross Island Lagoon. Ross Island Sand & Gravel (RIS&G) 

operates a sand and gravel mining facility at the project site. As part of this 

operation, RIS&G is reclaiming the in-water and upland areas they have 

historically mined through permits from the Oregon Division of State Lands, the 

City of Portland, and the Oregon Department of Environmental Quality (DEQ). 

RIS&G has been permitted to place dredged material for in-water reclamation fill 

since 1981. 

Based on standards developed and adopted by the U.S. Environmental 

Protection Agency (EPA), the Port's dredged material was tested and evaluated 

prior to dredging. Some of the dredged material from the Port facilities required 

confined in-water disposal, based on the presence of contaminants. 

The Port reviewed various methods of disposing of these contaminated dredged 

materials with DEQ and the federal agencies that regulate dredging (EPA and 

U.S. Army Corps of Engineers). Confined, in-water disposal in the Ross Island 

Lagoon was approved by the regulatory agencies as a method and location that 

would ensure environmentally safe storage and disposal. Confined, in-water 
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disposal is a nationally recognized and commonly used technique to safely 

manage contaminated dredged materials. 

The Port and RIS&G, with DEQ review, developed a series of projects which 

utilized this method to safely contain the Port's dredged material deep within 

Ross Island Lagoon within confined in-water disposal cells. The Port's dredged 

materials were placed in the cells and then capped with fine-grained sand from 

the RIS&G processing facility, with the plan that reclamation activities in the 

lagoon would continue to place more material over time and further isolate the 

Port confined dredged material from the environment. 

This Final Site Investigation Report is the product of the Port's extensive 

investigation of the confined in-water disposal cells where the Port's 

contaminated dredged material were placed. This study has been undertaken at 

the request of the Governor of the State of Oregon with the purpose of 

evaluating the integrity of the confined cells and to ensure there is no risk to 

human health or the environment from the Port confined dredge material. 

The Port's investigation includes approximately 160,000 cubic yards of confined 

dredged material, or roughly 4 percent of the approximate 6,000,000 cubic 

yards of material placed by RIS&G in Ross Island Lagoon from all sources since 

the early 1980s. This assessment only evaluates the Port's materials and does 

not include a complete inventory or evaluation of any other fill material placed 

at Ross Island. 

This site investigation followed a work plan that was developed in 1999 by the 

Port, with DEQ review and with input on the scope and content by an 

independent technical panel of experts assembled by DEQ. Prior to 

implementation, the work plan was reviewed by the public and modified to 

address comments received. The Port has been committed to an open and 

public process, recognizing the extent of the community's concerns about the 

Ross Island environment and the lagoon. 

Field work for the site investigation was carried out between the fall of 1999 and 

spring of 2000 with DEQ oversight. Modeling and other technical analysis were 

undertaken in the spring of 2000, and the Draft Site Investigation Report was 

issued on July 20, 2000, for review by DEQ, the Technical Advisory Panel (TAP), 

and the public. 

Results of the Port's investigation were also presented to the TAP on August 3, 

2000, and in a public meeting held at DEQ on September 25, 2000. Specific 

concerns identified during the investigation were resolved with DEQ, the TAP, 

and the public during the review process. More than 160 comments were 
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received and addressed to resolve the concerns raised. This final report 

incorporates these resolutions to present the findings of the work in a clear 

understanding of the stability and safety of the Port confined dredged material at 

Ross Island. The Port remains committed to working with DEQ and RIS&G to 

ensure that Port confined dredged material are managed in an environmentally 

safe manner at Ross Island. 

F:\Docs\Jobs\579207\Final_SitelnvestRpt\Preface.doc 
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SITE INVESTIGATION REPORT SUMMARY 

Background 

Hart Crowser 
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This summary presents an overview of project findings from the Port of 

Portland's (Port's) Site Investigation at the Ross Island Sand & Gravel (RIS&G) 

facility located in Portland, Oregon (Figure S-1 ). The purpose of the Port's site 

investigation, undertaken at the request of the Governor of Oregon, has been to 

determine if dredged material from Port facilities, which were placed in 

containment cells at Ross Island, pose a risk to human health or the 

environment. 

The site is situated in the Willamette River and is mined for sand and gravel by 

RIS&G as the owner and operator. Portions of the mining area are being 

actively reclaimed by RIS&G with fill material pursuant to an approved 

reclamation plan. Over 6 million cubic yards of fill from multiple sources have 

been placed at the site as part of upland and in-water reclamation since 1981. 

In five Port dredging events between 1992 and 1998, approximately 160,000 

cubic yards of dredged material (Port confined dredged material) were 

transported to Ross Island Lagoon for permitted confined disposal. Under 

contract with the Port, RIS&G accepted, placed, and capped the Port's dredged 

material in five in-water containment cells located in the reclamation area at the 

southern end of Ross Island Lagoon. Figure S-2 presents a schematic depiction 

of a typical containment cell. The placement of the Port's dredged material was 

reviewed and conducted with the approval of state and federal authorities 

including the U.S. Environmental Protection Agency (EPA), U.S. Army Corp of 

Engineers (Corps), and the Oregon Department of Environmental Quality (DEQ). 

The following sections summarize the key conclusions, investigation 

background, field and laboratory testing, and technical evaluations for the 

project. Project findings are discussed in the context of a revised conceptual 

model of the site physical and environmental setting, distribution of chemical 

constituents, and potential pathways of contaminant migration from the Port 

confined dredged materials. The report text should be consulted for additional 

discussion and background regarding the findings presented in this summary. 

The report presents background discussions on the site setting, operational, and 

dredged material disposal history, field and laboratory testing results, potential 

for migration from the in-water containment cells, and investigation conclusions. 
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Key Conclusions on Port Confined Dredged Material 

Hart Crowser 
J·5792·07 

Based on the comprehensive study, conducted over the last 9 months, Hart 

Crowser concludes the following: 

~ The original construction, configuration, and capping of the containment 

cells in Ross Island Lagoon were consistent with existing and subsequent 

guidance from regulatory agencies on confined aquatic disposal (CAD). 

CAD cells are a reliable and accepted method for permanent disposal of 

contaminated dredged sediments nationwide. 

~ The Port obtained extensive physical and chemical data from comprehensive 

exploration and sampling of surface and subsurface sediments, upland soils, 

groundwater, and surface water. Hart Crowser's evaluation of these data 

demonstrates that the containment cells continue to safely isolate the Port 

confined dredged material from the environment. The cells are functioning 

as intended to permanently contain the Port dredged material. However, to 

remedy the impacts of RIS&G mining activities, Hart Crowser recommends 

measures be taken to buttress the in-water fill slopes adjacent to the cells to 

ensure the continued isolation of Port confined dredged material. 

~ Hart Crowser identified no unacceptable human health and ecological risks, 

now or in the future, related to potential transport of chemical constituents 

in the groundwater. The groundwater transport pathway is illustrated 

conceptually on Figure 5-3. The field data determined that groundwater flow 

is upward toward the lagoon, eliminating potential transport of contaminants 

to deeper groundwater and the Willamette River. The predicted 

concentrations of Port-related chemical constituents reaching surface 

sediments and surface waters of Ross Island Lagoon are below 

corresponding risk-based screening criteria and regional background levels. 

~ Based on a bioaccumulation study conducted at DEQ's request, Hart 

Crowser identified no unacceptable ecological risks to benthic organisms, 

fish, and mammalian and avian predators. Further, Hart Crowser does not 

believe that potential exposure from fish tissue consumption poses a current 

or future human health risk. 

~ A geotechnical evaluation completed for the investigation indicates that 

in-water fill slopes adjacent to containment Cell 1, Cell 2, and Cell 5 are at 

risk of failing (Figure 5-3). The current slope configuration resulted from 

mining by RIS&G between 1992 and 1998 that removed non-Port fill and 

deeper sands and gravels that provided lateral support to the containment 

cells. Slope failures involving the containment cells could result in the 
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exposure and resuspension of Port confined dredged material. These risks 

are increased during a design seismic event (earthquake). 

Because of the identified risk to slope stability, Hart Crowser recommends 

that buttress fill should be constructed immediately to restore slopes 

adjacent to the identified containment cells to a stable configuration. Hart 

Crowser's minimum recommended performance standards for the 

replacement buttress fill are presented in a Slope Hazard Mitigation Study 

(Appendix G in Volume II of this Final Site Investigation Report). Sufficient 

earthen material for buttress replacement should be placed such that a 

permanent setback of no less than 100 feet exists between the exterior 

edges of the in-water containment cells and the crest of the buttress fill. 

Finished slope gradients for the buttress fill should not exceed three 

horizontal to one vertical (3H:1 V) in any direction. To assure the continued 

long-term performance of the cells within the lagoon site, surveys and 

physical monitoring to verify the on-going integrity of the containment cells 

should be included as part of the facility operator's site continuing 

management responsibility. 

~ During disposal of the Port dredged material, some particulate material was 

dispersed to the water column. Particulate dispersal was an expected and 

permitted phenomenon, and is associated with CAD projects in general. 

The dispersed particulate material was covered with capping material and/or 

non-Port fill following placement of the Port dredged material. Hart Crowser 

identified no potential for current or future unacceptable human health and 

ecological risks related to the disposal and placement process. 

Based on our conclusions and subject to the recommendations pertaining to 

restoring and assuring geotechnical stability of the cells, it is Hart Crowser's 

opinion that no additional investigation, remedial action, or long-term 

environmental or institutional controls related to the Port confined dredged 

material are necessary to assure protection of present and future public health, 

safety, and welfare, and the environment. 

Related Study Findings 

During the course of the Port's study, several non-Port-related environmental 

conditions were identified. Hart Crowser recommends that additional 

evaluation occur as part of the RIS&G area-wide investigation to be conducted 

in the coming months. These issues are summarized below and discussed 

further in the report text. 
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~ In one area of the southeast part of the lagoon, several surface sediment 

samples failed bioassay testing and contained elevated levels of pH and 

ammonia. It is Hart Crowser's opinion that these conditions are not related 

to the contributions from Port's dredged material. Rather, these conditions 

are indicative of localized conditions of nearshore areas in this portion of the 

Ross Island Lagoon. 

Samples of groundwater seeping upward into Ross Island Lagoon were 

collected from three flux chamber seepage meters during the investigation. 

Estimated concentrations of arsenic and other metals exceeded surface 

water screening criteria in one or more of the flux chamber samples. Hart 

Crowser determined that the underlying Port confined dredged material are 

not a source of these chemical constituents, based on groundwater travel 

times and a comparison of sediment pore water chemistry with the flux 

chamber samples. Although the flux chamber results may indicate that 

another potential source is present, uncertainties introduced from the mixing 

model to account for surface water affect the accuracy of the estimated 

seepage concentrations. Hart Crowser identified no impacts to surface 

water quality. 

~ During exploration drilling in the Ross Island Lagoon, elevated 

concentrations of DDT were detected in a sample of the capping material 

from Cell 1, one of the five confined cells. The DDT detection is unrelated 

to the underlying Port confined dredged material. There is no current 

exposure to the environment from the affected capping material, and DDT 

was not detected in samples collected from the 9 feet of the overlying 

non-Port fill. 

Investigation Background and Development 

Hart Crowser 
J-5792-07 

In the fall of 1997, increased public awareness regarding disposal practices at 

the RIS&G facility prompted the Governor of Oregon to request an 

environmental investigation of the site. In response to this request, the Port 

implemented the current investigation to evaluate environmental quality issues 

related to the Port confined dredged material at Ross Island 

Early in the development stage of the Port's investigation, DEQ convened an 

independent Technical Advisory Panel (TAP) of experts with diverse background 

in the areas of dredged material disposal, biology and habitat, environmental risk 

assessment, and environmental chemistry. The TAP includes members from 

regulatory and resource agencies, the City of Portland, Portland State University, 

US Army Corps of Engineers Waterways Experiment Station (WES), Pacific 

University, the Audubon Society, and the Brooklyn Action Corps. The 
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investigation work scope incorporated several additional field tasks based on 

recommendations from the TAP and DEQ following review of the Final Work 

Plan and Addendum. The TAP continues to provide independent review of the 

work products from the Port's investigation. 

During the process of developing the work scope, the Port discovered that 

RIS&G had breached one of the in-water containment cells (Cell 5), causing 

release of Port confined dredged material. DEQ initiated an enforcement 

proceeding, and the breach was subsequently recapped by RIS&G under a 

Consent Order with DEQ. 

While the Port's investigation focuses solely on the Port confined dredged 

materials, RIS&G is conducting an area-wide site investigation beyond activities 

involving the Port. The Port's investigation has proceeded in advance of other 

work and its results will be integrated into the area-wide investigation. Findings 

from the Port's investigation summarized here are also intended to provide key 

data points and background for future phases of the RIS&G area-wide 

investigation. An initial data report for the area-wide investigation was 

completed in May 2000, by Landau Associates, Inc. (Landau, 2000f), the 

environmental consultant for RIS&G. 

Port Confined Dredged Material Disposal Events 

Hart Crowser 
J-5792·07 

Beginning in 1992, RIS&G contracted with the Port to accept dredged material 

for disposal within five in-water containment cells located at the southern part of 

Ross Island Lagoon: 

~ Dry Dock 1 Maintenance Dredging (1992 - Cell 5); 

~ Dry Dock 4 Maintenance Dredging (1992 - Cell 5); 

~ Dry Dock 3 Maintenance Dredging (1994 - Cell 1 ); 

~ Terminal 4, Slip 3 Remedial Dredging (1994 - Cell 1 and Cell 2); 

~ Terminal 2 Maintenance Dredging (1996 - Cell 3); and 

~ Berth 410/411 Maintenance Dredging (1998 - Cell 3 and Cell 4). 

Dredging and disposal activities for these projects were completed in 

accordance with permits obtained by the Port. Disposal volumes ranged from 

about 3, 178 cubic yards for the Terminal 2 disposal in Cell 3 to about 95,000 

cubic yards for the combined Dry Dock 1 and Dry Dock 4 disposals in Cell 5. 

The Port dredged material typically consist of fine-grained sand and silt. 

Cell 1 through Cell 4 were created by excavating non-Port fill material using 

clamshell dredge mining methods. The cells were excavated from older fill or 

other materials, including an approximate 10- to 20-foot-thick layer of rock fill 
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removed during excavation of Cells 1 through 4. The rock fill (Bonneville Rock) 

consists of approximately 1 million cubic yards of basalt from a Bonneville Locks 

maintenance project that was placed in the late 1980s by RIS&G. Cell 5 utilized 

an existing depression in non-Port fill. Following disposal of the Port dredged 

material from a bottom-dump barge or tremie tube, each cell was capped with a 

confining layer of fine-grained material derived from on-site sand and gravel 

washing and processing operations. The cell caps were placed to physically 

cover the disposed of dredged material, with the expectation by the Port and 

permitting agencies that subsequent in-water reclamation filling above the caps 

would further isolate the Port confined dredged material. A conceptual 

depiction of a typical containment cell in the environment of Ross Island Lagoon 

is presented on Figure S-2. 

Field Studies and Laboratory Testing 

Hart Crowser 
J-5792-07 

The Port conducted an extensive field exploration program to collect 

groundwater, surface water, and sediment samples characterizing the ambient 

physical and environmental conditions at Ross Island. Nearly 2,500 feet of 

drilling in the lagoon and upland locations were completed to observe 

subsurface sediment, soil, and groundwater conditions and to obtain over 500 

samples for visual observation, physical properties testing, and chemical 

analyses. Selected lagoon borings were converted to piezometers, and upland 

borings were converted to groundwater monitoring wells for water quality 

sampling and analysis, and evaluation of groundwater flow and gradients. 

Groundwater sampling included flux chambers seepage meters deployed at the 

lagoon mudline over three of the disposal cells containing Port confined 

dredged material. In addition, samples of the lagoon surface sediment were 

collected for physical, chemical, and biological testing. Ross Island Lagoon and 

Willamette River surface water samples were also collected for laboratory 

analysis. Nearly 90 samples of soil, sediment, and groundwater were submitted 

for laboratory chemical analysis. 

Several site field tasks were completed by Landau to jointly support both the 

Port's investigation and the RIS&G area-wide investigation. Landau completed 

these tasks under contract to RIS&G, which included installation of permanent 

upland groundwater monitoring wells, collection of groundwater samples, and 

hydraulic testing of the wells. Landau also completed site surveys to document 

ecological abundance and diversity in the terrestrial (upland) and aquatic 

(lagoon) environments, and current and projected future uses land and water 

resources. Pertinent data from a fish monitoring study by Beak Consultants, Inc., 

and a lagoon turbidity monitoring study CH2M Hill were also incorporated into 

the Port's investigation. Beak Consultants and CH2M Hill completed these 

studies under contract to RIS&G. 
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Field work for the project was completed between in October 1999 and April 

2000, with the majority of exploration drilling and sampling completed in 

November and December. At the request of DEQ, a second round of 

groundwater samples was collected from the lagoon piezometers in April 2000. 

Because of slow seepage rates into the lagoon, groundwater samples from the 

flux chamber seepage meters could not be retrieved until April 2000. 

Technical Analyses and Modeling Studies 

Results from field exploration and laboratory testing provided data for several 
technical analyses studies to evaluate the potential for release of chemical 

constituents from the Port confined dredged material to the environment. These 

included: 

~ Groundwater Flow and Gradient Characterization; 

~ Contaminant Mobility (Groundwater Fate and Transport Modeling); 

~ Geotechnical Stability Modeling; 

~ Sediment Quality Characterization; 

~ Lagoon Bathymetry Analysis (Past, Present, and Future Conditions); and 

~ Disposal Processes (Particulate and Dissolved Masses Released to the Water 

Column). 

Several of these analyses involved the use of computer models to simulate 

groundwater flow and contaminant transport, slope stability, and disposal 

processes associated with the Port confined dredged material. Key conclusions 

of these analyses are presented below as they related to potential contaminant 

migration pathways from the Port confined dredged material. 

Site Conceptual Model 

Hart Crowser 
J-5792-07 

This conceptual site model considers several elements to characterize the site 

and the Port confined dredged material: 

~ The physical and hydrogeological setting of Ross Island and containment 

cells; 

~ The distribution of chemical constituents in Ross Island Lagoon; and 

~ Human and ecological receptors. 

The initial conceptual model was presented to DEQ and the TAP in the Final 

Work Plan based on the available background information for the project. 
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Results from the Port's investigation have been used to refine the conceptual 

model as summarized below and depicted on Figure S-2. In turn, Hart Crowser 

then determined whether detected chemical constituents in the lagoon 

environment could be linked to the Port confined dredged material through 

potential contaminant migration pathways. 

Physical Setting 

The Ross Island Lagoon was created in 1926 and 1927, when Ross and 

Hardtack Islands were joined with an earthen dike that closed a former channel 

in the Willamette River (Figure S-1 ). The lagoon is enclosed except for an 

approximate 500-foot-wide outlet to Holgate Slough on the northeast side 

(Figure S-1 ). Upland areas of the islands are generally tree covered, except for 

the RIS&G materials processing plant area at the northern end of Hardtack 

Island. On-going dredging by RIS&G has expanded the lagoon to a current area 

of about 140 acres, with mining currently focused in the central and northern 

areas of the lagoon. In-water reclamation filling at the southern end of the 

lagoon has created a relatively shallow bench area with a water depth of about 

20 feet. The remainder of the lagoon ranges up to about 120 to 130 feet deep. 

The narrow entrance and limited surface water exchange with the river tend to 

minimize circulation within the lagoon. 

Because of its location, Ross Island Lagoon is affected by the hydraulic 

characteristics of the Willamette River. Several factors influence these 

characteristics, including tidal fluctuations, seasonal flooding, Columbia River 

water heights, and discharges from upstream reservoirs. Daily tidal variations 

produce river elevation changes of about 1 to 3 feet near Ross Island. Seasonal 

flooding can cause short-term water level changes of 10 feet or more. Upstream 

storage reservoirs in the Willamette River Basin stabilize flows during flood

prone winter months and dry summer months. Although severe flooding has 

historically overtopped upland areas at Ross Island, there is no indication that 

flooding has promoted erosion of in-water reclamation fill or uplands that would 

threaten the integrity of the lagoon containment cells. This conclusion holds for 

expected future flooding impacts as well. 

Results of the Landau ecological survey indicate that there is significant wildlife 

and vegetation diversity in upland areas of Ross Island. The terrestrial 

environment provides nesting habitat for ecologically important bird species 

such as Great Blue Herons and American Bald Eagles. In contrast, the 

abundance of benthic organisms and non-migratory fish species in Ross Island 

Lagoon is very low, with corresponding limited habitat quality compared to 

other higher quality freshwater environments. This finding is consistent with the 

active industrial nature of Ross Island Lagoon. Although Ross Island Lagoon is 
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identified as critical habitat for Chinook salmon and other salmonids listed as 

threatened or endangered under federal and state designations, few migratory 

salmonid were present in the lagoon during surveys conducted in 1999. 

Site Hydrogeological Setting 

Fill of various origins and unconsolidated alluvial sands and gravels overlie older 

cemented sedimentary rocks of the Troutdale Formation in the vicinity of Ross 

Island. Figure 5-2 depicts these units along a conceptual cross section through a 

typical containment cell at the southern end of Ross Island Lagoon. Following 

each placement of Port dredged material, the containment cells were capped 

with fine sands and silts from on-site sand and gravel processing. Additional 

non-Port fill was placed over the capping materials as shown on the Figure S-2. 

The Port confined dredged material and non-Port fill are generally fine-grained 

and are visually similar and were identified with aid of survey data obtained 

before and after placement of dredged and capping materials. 

Figure S-2 also depicts a layer of Bonneville Rock fill (generally 10 to 20 feet 

thick) through which Cells 1 through 4 were excavated. The Bonneville Rock is 

not present in the Cell 5 area. Additional reclamation fill of non-Port origin 

shown on Figure S-2 exists throughout much of the uplands at the southern end 

of the island. This fill is currently being investigated by RIS&G as part of the area

wide study. 

During drilling, groundwater was continuously encountered from the lagoon 

mudline down to the Troutdale Formation. In the upland wells, groundwater 

was present from about 10 to 20 feet below ground surface down to the 

Troutdale Formation. Groundwater in the Troutdale Aquifer is of particular 

interest because it is a regional groundwater resource. However, a water use 

survey by Landau identified no drinking water wells or consumptive uses of 

groundwater at Ross Island or in the vicinity. 

As part of the field investigation, groundwater piezometers were installed in Port 

confined dredge material in four of the containment cells, with deeper 

piezometers installed in native alluvium beneath two of the cells (Cell 3 and Cell 

5). Permanent groundwater well clusters were established at three upland 

locations. At each location, wells were screened in the Troutdale Formation, 

deep alluvium, and shallow fill/alluvium. Groundwater elevation data were 

obtained from the piezometers and wells during a January 2000 tidal study to 

determine groundwater flow direction and gradients through several tidal cycles. 

The tidal monitoring study determined that an upward vertical groundwater 

gradient is present from the Troutdale Formation and Native Alluvium into 
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lagoon fill materials and surface waters of Ross Island Lagoon. Groundwater 

seepage rates into the lagoon are relatively low because of small differences in 

groundwater elevations (i.e., head) between the lagoon and underlying 

groundwater. 

Surface Sediment Chemistry 

Chemical analysis results of surface sediment samples collected by Hart Crowser 

indicated that the overall chemical quality of the lagoon was good relative to 

sediment quality screening criteria used for the project. Concentrations of 

chemical constituents exceeded screening criteria in localized areas of the 

lagoon only, with no indication of wide-spread contamination. These constituent 

exceedences included PCBs at four sampling locations and mercury at one 

sampling location. These constituents are routinely found in industrial areas and 

are not unique to the Port confined dredged material. Benzyl alcohol was also 

detected above sediment screening criteria at one location, but this constituent 

is not associated with the Port confined dredged material. 

Hart Crowser also submitted eleven selected sediment samples for bioassay 

testing. Bioassay results indicate limited impacts to the surface sediments of 

Ross Island Lagoon. Three of the eleven samples submitted failed bioassay 

testing but contained high levels of ammonia as well as high pH in the interstitial 

water. A fourth sample containing elevated pH also failed. The presence of 

elevated ammonia and pH indicates that the toxicity observed in the samples 

failing bioassay testing is likely caused by regional environmental factors rather 

than the chemical constituents detected in the sediment samples. It is Hart 

Crowser's opinion that there was no contribution to the bioassay failures related 

to the Port confined dredged material. 

Subsurface Sediment Chemistry 

Concentrations of chemical constituents in samples of Port confined dredged 

material from the containment cells were comparable to, or slightly lower than, 

the average concentrations of these constituents detected in pre-dredge 

samples. Detected constituents included arsenic, copper, lead, tributlytin (TBT), 

and several classes of organic compounds (most commonly polycyclic aromatic 

hydrocarbons [PAHs], PCBs, and DDT). These results readily distinguish the 

chemical characteristics of the Port confined dredged material from the 

chemistry of the non-Port fill and the overlying capping materials of each 

containment cell. 

The chemistry of the cap and overlying fill is dissimilar to the chemistry of the 

underlying Port confined dredged material. Although metals, PAHs, and other 
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constituents were commonly detected in the overlying non-Port fill, and in some 

cases in the cell capping materials, the concentrations are lower to non-detect, 

compared to constituent concentrations in the Port confined dredged material. 

Similar conclusions apply to non-Port fill underlying Port confined dredged 

material in each cell. These results chemically distinguish the non-Port fill and 

capping materials from the Port confined dredged material in each cell. 

In the samples of capping material for Cell 1, DDT concentrations were more 

than 300 percent higher than concentrations in the underlying Port confined 

dredged material. Thus, there is no indication that Port confined dredged 

material is the source of DDT in the cap, and DDT was not present in detectable 

concentrations in a sample of the overlying non-Port fill. Hart Crowser 

recommends that the source of the DDT be further evaluated as part of the 

RIS&G area-wide investigation. 

Potential Human and Ecological Receptors 

Landau Associates conducted ecological, land use, and water use surveys of 

Ross Island and vicinity. Landau conducted this work in support of the RIS&G 

area-wide investigation, and to address specific scoping requirements of the 

Port's investigation. Findings from the ecological survey verified that the 

terrestrial environment and habitat of Ross Island provides significant wildlife and 

vegetation diversity, including nesting habitat for Great Blue Herons and 

American Bald Eagles. The abundance of benthic organisms and non-migratory 

fish species is low, however, corresponding to limited habitat quality and 

diversity compared to other freshwater environments. 

The beneficial use surveys verified that established land uses near Ross Island are 

likely to continue in the future. These uses encompass a mixture of industrial, 

commercial, and residential zoning. Recreational uses in the vicinity include 

wildlife viewing, hiking, boating, fishing, and other water-dependent activities. 

RIS&G does not encourage these activities at Ross Island, but some degree of 

recreational use of the lagoon and uplands will likely continue in the future. 

No uses of groundwater or surface water for drinking were identified under 

current or reasonably likely future conditions. RIS&G maintains water rights for 

withdrawing surface water from the Willamette River for industrial purposes. 

Contaminant Transport Pathways 

Hart Crowser 
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Three general contaminant transport pathways were identified for the Port 

confined dredged material. These pathways include: 
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~ Groundwater transport of chemical constituents from the containment cells 

to surface water or groundwater receptors; 

~ Physical disturbance of the containment cells from natural erosion or human 

influence (e.g., 1998 Cell 5 mining breach, geotechnical stability); and 

~ Particulate and dissolved mass dispersal to the water column during 

placement of the Port's dredged materials in the lagoon containment cells. 

Potential Groundwater Transport from Containment Cells 

This pathway is associated with potential migration of chemical constituents in 

groundwater from the containment cells. Potential receptors include the surface 

waters of Ross Island Lagoon. Groundwater flow directions determined during 

the tidal monitoring study indicated that transport pathways to deeper 

groundwater and the Willamette River were not present. The upward 

groundwater flow pathway through the containment cells is illustrated 

schematically on Figure S-3. 

Sequential Batch Leaching Tests (SBLTs) were performed to evaluate the 

potential leachability of chemical constituents from the Port confined dredged 

material to pore water of the containment cells. The SBLT method is the 

laboratory analysis method recommended by the Corps of Engineers WES to 

evaluate potential chemical leaching of confined sediments in freshwater 

environments. Using analytical data from the SBLTs and the piezometer 

groundwater samples, groundwater transport and contaminant migration were 

simulated using the MODFLOW and MT3DMS computer codes. 

Findings and Conclusions. No unacceptable human health or ecological risks 

were identified for this pathway at present time or in the future. Predicted 

chemical constituent concentrations in groundwater discharging from Port 

confined dredge material to the lagoon under post-reclamation conditions are 

below regulatory screening criteria for all cells. Arsenic concentrations in 

groundwater are predicted to exceed regional background levels for surface 

water in the Willamette River Basin over a very long time period for Cell 3 and 

Cell 4 (on the order of 1,000 years). These predicted concentrations are below 

risk-based screening criteria, however, based on recent EPA Region 6 guidance 

for fish consumption by humans. These conclusions incorporate several 

conservative modeling assumptions and likely overestimate the predicted 

concentrations. 

Water samples were collected from the three flux chambers installed over 

disposal Cells 2, 3, and 5 and are representative of groundwater seeping upward 

November 30, 2000 Page S-12 

L WG-PCI0090326 

krist
Pencil

krist
Highlight

krist
Highlight

krist
Highlight

krist
Highlight

krist
Highlight

krist
Highlight

krist
Pencil



Hart Crowser 

J·5792-07 

into Ross Island Lagoon. Concentrations of arsenic and other metals were 

detected in these samples but in Hart Crowser's opinion are not attributable to 

the Port confined dredged material. 

Physical Disturbance to Containment Cells 

Potential physical disturbances encompass human activities and natural causes 

such as river flooding that could affect the integrity of the in-water containment 

cells, cap, or non-Port fill adjacent to the cells. Slope stability issues are 

associated with the current configuration of Cell 2, Cell 3, and Cell 5 as a result 

of mining by RIS&G between 1992 and 1998 that removed material providing 

lateral support to these cells. The physical disturbance pathway is depicted on 

Figure S-3. 

Slope stability issues were evaluated using the SLOPE/W geotechnical computer 

model to simulate the current and post-reclamation conditions of the lagoon 

containment cells. This model addresses potential for failure of materials 

c:::omprising slopes that laterally confine the containment cells, and the stability of 

the dike section between Ross and Hardtack Islands. SLOPE/W calculates a 

factor of safety for potential failure surfaces and is a standard engineering 

computer code used for many slope stability applications for underwater 

structures. 

Findings and Conclusions. Modeling results indicated that the potential exists 

for deep-seated slope failures along the edge of the fill bench at the southern 

end of the lagoon. This condition is a function of relatively steep slopes along 

the bench (e.g., locally up to about 35 degrees), and low strength of the fine

grained sediments comprising much of the fill. Slope failures predicted from 

modeling have the potential to disturb containment Cell 1, Cell 2, and materials 

that laterally support Cell 5. This could result in the exposure and resuspension 

of Port confined dredged material, similar to the Cell 5 breach that occurred in 

1998. Potential slope failure risk is greater under seismic loading. 

Hart Crowser completed an engineering feasibility study to evaluate the 

identified slope stability risks. The referenced study contains Hart Crowser's 

recommended performance standards for buttress fill to replace critical portions 

of the slope that previously provided support to the containment cells before the 

slope was moved by RIS&G mining (see Appendix G of Volume II to this Site 

Investigation Report). 

Potential for erosion of the cell cap and overlying fill material during river 

flooding was further evaluated to address TAP comments from the United States 

Geological Survey (USGS) and the Corps. Conclusions from geotechnical 
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modeling and upland drilling indicated that the dike area is not susceptible to 

erosion or breaching from flooding, and is expected to be stable under static 

and seismic loading conditions. 

Particulate and Dissolved Constituents Dispersed during Disposal 

During the placement of Port dredged material by RIS&G, a relatively small 

percentage of particulate material containing chemical constituents was 

dispersed beyond the target disposal and capping areas as the Port dredged 

material fell through the water column to the target cell. This expected mass 

was estimated for each disposal using the Short-Term Fate of Dredged Material 

Disposal in Open Water (STFATE) computer program. The STFATE program is a 

standard method for predicting the distribution of material during disposal in 

open water. Chemical constituents were also present in pore water released to 

the lagoon as the Port dredged material fell through the water column and then 

settled in the containment cells. Laboratory consolidation modeling was 

completed at the request of the Corps to estimate the volume of pore water 

expelled as the Port dredged material accumulated in each cell. 

Results of STFATE modeling and estimates of the dissolved mass dispersed 

during disposal were used to evaluate potential residual impacts to the current 

and future environment of the lagoon. Short-term impacts to water quality 

during dredge material placement were of limited duration, permitted, and 

subject to monitoring and best management practices and are not further 

evaluated in this study. 

Findings and Conclusions. No present or future risks were identified for 

particulates or dissolved constituents in Port dredged material dispersed during 

disposal. For the particulate fraction, Port disposal events completed via bottom 

dump barges dispersed an average of about 5 percent of the total mass of 

dredged beyond the cell boundary based on STFATE modeling. For disposal 

events where a tremie pipe was used to place the dredged material in the 

containment cells, STFATE predicted that an average of about 1 percent of the 

material was dispersed outside the cap boundaries. 

The containment cell cap boundaries were determined using post-capping 

bathymetric data obtained following each Port disposal event. The capping 

areas are conservatively small, however, leading to possible overestimation of 

the percentages of dredged materials dispersed beyond the containment cell 

caps. This is because the bathymetric or thickness contours have an accuracy of 

approximately 1 foot, and STFATE does not account for additional cap coverage 

beyond this bathymetric "boundary" that covered the dispersed particulate 

material over a greater area. 
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Post-disposal bathymetry indicates that particulate material dispersed beyond the 

cell capping boundaries has been buried by 2 feet or more of subsequent 

non-Port fill. The one exception is the 1998 disposal of Terminal 4 dredged 

material in Cell 3, where bathymetric data indicate that dispersed material could 

remain within the top 1 to 2 feet below the existing lagoon mudline in a limited 

area. Hart Crowser concluded that the potential contribution of constituents in 

the dispersed particulates from Port dredged material could not account for 

observed bioassay testing failures of several surface sediment samples in this 

area. The presence of the dispersed Port dredged material in this area, 

therefore, poses no unacceptable risks to human health and the environment. 

As discussed above, it is Hart Crowser's opinion that elevated pH and ammonia 

in the sediment samples may have caused the bioassay failures. These 

conditions are unrelated to the Port's dredged materials, and Hart Crowser 

recommends that additional evaluation of this condition be completed as part of 

the RIS&G area-wide investigation. 

As with all other confined aquatic disposal sites, pore water was released during 

disposal as Port dredged material fell through the water column and 

consolidated within the containment cells. Although this pore water contained 

dissolved chemical constituents, impacts to the water column in the immediate 

disposal areas were short-term in nature, unavoidable, and were anticipated as 

part of state and federal agency approvals for the Port disposal events. In Hart 

Crowser's opinion, short-term impacts would have quickly dissipated as pore 

water mixed with surface waters of the lagoon and reduced concentrations of 

chemical constituents to below regulatory screening levels for water quality. The 

investigation did not reveal any indications of residual impacts or risks to the 

lagoon environment from this, (or any other) potential pathway. 

Bioaccumulation Study 

Following issuance of the July 20, 2000, Draft Site Investigation Report, DEQ 

and the TAP raised concerns over potential bioaccumulation risks in Ross Island 

Lagoon. Following discussions with DEQ, Hart Crowser completed a focused, 

conservative bioaccumulation modeling study for a 0.6-acre area near disposal 

Cell 3. At this location, Port dredged material dispersed during 1998 disposal 

activities could potentially remain near the current lagoon mudline, prompting 

concerns about sediment quality. No other areas of potential bioaccumulation 

risk related to Port dredged material were identified by Hart Crowser. 

At DEQ's request, Hart Crowser also evaluated potential human health risks 

related to consumption of fish caught in Ross Island Lagoon. As for the 

bioaccumulation study, this evaluation focused on the 0.6-acre area of potential 
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exposure to dispersed Port dredged material near Cell 3. The risk evaluation 

involved comparing chemical constituent concentrations detected in a sediment 

sample from this area to Draft human health Target Tissue Levels (TILs) 

developed by DEQ for potential application to the Portland Harbor Sediment 

Management Plan. The TILs are intended to be protective of subsistence 

fishermen in the Portland Harbor area. 

Findings and Conclusions. Findings of the bioaccumulation study identified no 

unacceptable ecological risks to benthic organisms, fish, or mammalian and 

avian predators. For the human health risk evaluation, the predicted fish tissue 

concentration of PCB Aroclor 1254 in a sediment sample near the Cell 3 area 

exceeded the draft human health TILs for subsistence fishing in Portland Harbor. 

However, there are substantial uncertainties present in determining exposure 

parameters for the recreational fishing scenario under both current and 

projected future use conditions at Ross Island. These uncertainties include the 

frequency and duration of fishing, and fish consumption rates. 

Hart Crowser questions the validity of applying the Draft TILs for Portland 

Harbor to the recreational fishing scenario within Ross Island Lagoon. Hart 

Crowser does not believe that this approach can be used to make any 

prediction that there is or is not the potential for human health risks from 

ingestion of fish caught from recreational fishing in Ross Island Lagoon. Given 

the limited possible exposure area to Port dredged material in the surface 

sediments of Ross Island Lagoon, the relatively low concentration of Aroclor 

1254 detected, and the limited amount of recreational fishing currently 

occurring, Hart Crowser does not believe that exposure to fish tissue poses a 

current or future human health risk. 

Based on our conclusions and subject to the recommendations presented above 

pertaining to restoring and assuring geotechnical stability of the cells, it is Hart 

Crowser's opinion that no additional investigation or remedial action related to 

the Port confined dredged material are necessary to assure protection of present 

and future public health, safety, and welfare, and the environment. 
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FINAL 
SITE INVESTIGATION REPORT 
PORT OF PORTLAND CONFINED DREDGED MATERIAL DISPOSAL 
ROSS ISLAND FACILITY 
PORTLAND, OREGON 

1.0 INTRODUCTION 

Hart Crowser 
J-5792-07 

This Final Site Investigation Report describes characterization activities and 

findings from the investigation of Port of Portland (Port) dredged material 

previously disposed of in confined, in-water containment cells at the Ross Island 

Lagoon. The lagoon is part of a dredge mining and processing facility operated 

by Ross Island Sand & Gravel (RJS&G) (Figure 1-1 ). Ross Island is located in the 

Willamette River approximately 2 miles south of downtown Portland. 

The purpose of the investigation is to evaluate current and expected future 

conditions of dredged material derived from Port facilities and transported to 

Ross Island Lagoon for permitted confined disposal (Port's confined dredged 

material). Investigation tasks focused on assessing the integrity of the in-water 

containment cells to determine whether contaminants from the Port's confined 

dredged material could pose a risk to human health and/or the environment 

now or in the future. 

The Port's investigation was completed in accordance with the following: 

.,.. Final Site Investigation Work Plan, dated July 23, 1999 (Hart Crowser, 

1999a); 

.,.. Work Plan Addendum, dated September 24, 1999 (Hart Crowser, 1999b) 

including work products from a Technical Advisory Panel (TAP) of experts; 

and 

.,.. Administrative agreements between the Port and the Oregon Department of 

Environmental Quality (DEQ), dated October 1998, October 1999, and a 

May 2000 Agreement Modification. 

Following review by TAP of experts, DEQ, and the public, this draft report is 

expected to be finalized in the fall of 2000. The Port and DEQ convened the 

TAP to provide independent review of work products during the Port's 

investigation. The TAP consists of members from eleven agencies and 

organizations who assisted in the development of the Port's investigation scope 

and reviewed the Final Work Plan and Addendum. The TAP also reviewed the 
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Draft Site Investigation Report issued on July 20, 2000. The TAP agencies and 

members are identified below in Section 1 .2. 

1. 1 Port Dredged Material Disposal Summary 

Confined disposal of Port dredged materials in Ross Island Lagoon consisted of 

sediments generated from five maintenance dredging projects and one 

environmental dredging cleanup project carried out by the Port under oversight 

by the U.S. Environmental Protective Agency (EPA) in Portland Harbor. 

Sediments with concentrations of chemical constituents exceeding applicable 

regulatory screening levels for open in-water disposal were disposed of in five 

confined containment cells within the Ross Island Lagoon between 1992 and 

1998. Each Port disposal event, governed by contract with RIS&G, was 

completed with review and approval from state and federal authorities including 

the U.S. Army Corps of Engineers (Corps) and DEQ. The Port pre-dredging 

sediment characterization and disposal activities were conducted in accordance 

with applicable laws and regulations. 

The total volume of Port dredged material disposed of at Ross Island, including 

both confined and unconfined disposal events, is about 205,000 cubic yards 

(CY). The Port disposals represent roughly 4 percent of the approximate 

6,000,000 CY of recorded in-water and upland reclamation fill placed at Ross 

Island since the early 1980s. Roughly 160,000 CY of the Port material were 

unsuitable for unconfined, in-water disposal, and were placed in confined cells 

excavated in the Ross Island Lagoon. DEQ estimates that Port in-water disposals 

represent about 15 percent of material listed on the RIS&G inventory that is 

known or suspected to contain contaminants at Ross Island (Final Work Plan, 

Volume II, DEQ Comment No. 5). The RIS&G inventory is presented in 

Appendix H of Volume II of this Site Investigation report. 

1.2 Site Investigation Process 

Hart Crowser 
)·5792·07 

An overview of the site investigation process is presented on Figure 1-2. The 

Port initiated the investigation in late 1999, following a request from the 

Governor's Office to assess environmental quality issues at Ross Island. The Port 

prepared the work plan for the site investigation to address questions raised by 

past disposal practices of Port confined dredged materials at Ross Island. During 

the process of developing the work scope, the Port discovered that RIS&G had 

breached containment Cell 5, causing release of Port confined dredged material 

(Figure 1-1 ). DEQ initiated an enforcement proceeding and the breach was 

subsequently recapped by RIS&G under a consent order with DEQ, as discussed 

in Section 3.0 of this report. 
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The breach by RIS&G and the inventory of unconfined fill from non-Port sources 

caused DEQ to expand the scope of the Ross Island site investigation beyond 

activities involving the Port. The Port's investigation has proceeded in advance 

of other work and its results will be integrated into an area-wide investigation 

being conducted by RIS&G, the owner of the Ross Island mining and processing 

facility. 

1.2.1 Roles and Responsibilities 

The following listing summarizes the roles and responsibilities of technical and 

regulatory parties involved with the Port's investigation at Ross Island: 

Port of Portland. Generator of dredged material from marine terminals that was 

placed in in-water containment cells in Ross Island Lagoon. The Port initiated 

the current investigation at Ross Island in response to a request from the 

Governor's Office and to address community concerns. 

Hart Crowser. Environmental consultant retained by the Port to develop and 

implement work plan activities for the Port's investigation at Ross Island. Hart 

Crowser prepared the Final Work Plan, Addendum, and this Site Investigation 

Report. Hart Crowser also subcontracted or coordinated field exploration 

activities on behalf of the Port. Staff resumes are attached in Section 14.0. 

RIS&G. Owner and operator of the Ross Island sand and gravel mining and 

processing facility. RIS&G imported reclamation fill for upland and in-water 

areas, and contracted with the Port to accept, place, and cap the Port's dredged 

material for confined in-water disposal in Ross Island Lagoon. RIS&G is also 

completing an area-wide investigation related to non-Port fill materials under a 

consent decree with DEQ. This investigation is separate from the Port's 

investigation and is schedule for completion in 2001. 

Landau Associates, Inc. (Landau). Environmental consultant retained by RIS&G 

to develop and implement RIS&G's concurrent area-wide investigation. 

DEQ. Oversees and reviews the scope and findings of the Port's investigation 

on behalf of the State of Oregon. Entered into administrative agreements with 

the Port to review the Port's investigation at Ross Island. DEQ personnel 

include: 

~ Jennifer Sutter (Project Manager); 

~ Bruce Hope, Ph.D. (Environmental Toxicologist); 

~ Bruce Stirling (Environmental Toxicologist); 

~ Dan Hafley (Hydrogeologist); 
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..,. Mike Anderson ((Hydrogeologist); and 

..,. Mike McCann (Senior Engineer). 

TAP. Panel of technical experts convened by the Port and DEQ during 

development and implementation of the Port's investigation. The panel consists 

of members from eleven agencies and organizations who assisted in the 

development of the Port's investigation scope: 

..,_ Audubon Society - Mike Houck; 

..,. EPA - John Malek; 

..,. U.S. Army Corps of Engineers, Waterways Experiment Station - Michael R. 

Palermo, P.E., Ph.D.; 

..,. U.S. Army Corps of Engineers, Portland District - Jim Reese; 

..,_ Brooklyn Action Corps - Don Stephens; 

..,_ City of Portland, Bureau of Environmental Services - Chris Prescott; 

..,. Portland State University - Song Qian, Ph.D. (Work plan development and 

review); 

..,. Pacific University, Deke Gundersen, Ph.D.; 

..,. Oregon Department of Fish & Wildlife (ODFW) - Greg Robart; 

..,. U.S. Fish & Wildlife Service (USFW) - Jeremy Buck; and 

..,. U.S. Geological Survey (USGS) - Jim O'Connor. 

In addition, Oregon State University provided review assistance to DEQ on 

project geotechnical issues. Panel members have diverse expertise in the areas 

of dredged material disposal, biology and habitat, environmental risk assessment, 

and environmental chemistry. 

1.2.2 Work Plan Development and Implementation 

Pursuant to an administrative agreement signed by the Port and DEQ in October 

1998, the Port prepared an initial draft of the Investigation Work Plan in March 

1999. The agreement provided for oversight by DEQ and an independent TAP 

to ensure impartial and thorough review of site investigation work products. 

Formal responses were provided for the DEQ, TAP, and public review comments 

on the Work Plan draft, which was finalized on July 23, 1999 (Hart Crowser, 

1999a). The Port also completed an Addendum to the Work Plan (Hart 

Crowser, 1999b) on September 24, 1999, to modify the work plan scope and 

further address DEQ and TAP concerns. 

The Port implemented field tasks for the investigation work plan in accordance 

with a second administrative agreement with DEQ (signed in October 1999). 

Numerous modifications were made to the technical scope and project schedule 

based on the field conditions encountered. These modifications were discussed 
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with and approved by DEQ, including a May 2000 modification to the second 

administrative agreement. 

1.3 Investigation Scope and Tasks 

Hart Crowser 
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Field studies, laboratory testing, and data evaluation tasks for the Port's 

investigation are summarized below. A flow chart illustrating the relationship of 

these activities is presented on Figure 1-3. 

1.3.1 Field Studies and Laboratory Testing-Data Acquisition 

Field data presented in this report were obtained from site exploration activities 

conducted between October 1999 and April 2000. These field studies included: 

""' Barge drilling in the Ross Island Lagoon to observe subsurface conditions in 

sediment borings located within or near the confined disposal cells; 

""' Subsurface sediment and groundwater sampling of the lagoon borings and 

temporary groundwater piezometers installed within the containment cells; 

.,. In-water surface sediment and surface water sampling; and 

""' A tidal study to monitor groundwater elevations, flow directions, and 

gradients. 

In addition, Landau Associates, Inc. (Landau) completed several field 

investigation tasks under contract to RIS&G. These tasks jointly supported both 

the Port's investigation, and a broader-scale, area-wide investigation conducted 

by RIS&G. The area-wide investigation and Landau field investigation tasks are 

described in Section 3.0 of this Site Investigation Report. 

1.3.2 Evaluation of Investigation Data 

Data collected from the field investigation and laboratory testing of the field 

samples provided input to evaluate pathways by which contaminants could 

potentially be transported from Port confined dredged material to the 

environment at the present time or in the future: 

""' Groundwater transport of chemical constituents from the containment cells 

to surface water or groundwater receptors; 
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.., Physical disturbance of the containment cells from natural erosion or human 

influence (e.g., 1998 Cell 5 mining breach, geotechnical stability, and 

flooding erosion); and 

.., Particulate and dissolved mass dispersal during disposal (e.g., releases to the 

water column). 

The objective of the first two technical evaluations was to determine whether 

Port confined dredged material could potentially be released to the environment 

at the present time or in the future. For the third pathway, the objective was to 

determine whether material released during disposal represents an on-going 

environmental risk. Each contaminant migration pathway for Port confined 

dredged materials considered disposal practices, site hydrogeology, and the 

physical/chemical environment. The future use case considered site conditions 

after planned reclamation is completed in about 2020. Current reclamation 

requirements call for continued filling of the lagoon area and revegetating 

disturbed upland areas. 

A preliminary conceptual model was developed for the investigation work plan 

that described the hydrogeological setting of the site, potential transport 

pathways for contaminants related to Port confined dredged material, and 

ecological receptors. Using this preliminary model, data gaps and information 

needed were identified to develop an appropriate technical work scope for the 

investigation. Results of field, laboratory, and analytical studies conducted 

during the investigation were then used to revise the conceptual site model, as 

presented in the report summary. A focused risk evaluation of potential human 

health and environmental risks was completed where potential contaminant 

migration pathways were linked to Port confined dredged material. 

1.3.3 Work Plan Review Comments and Scope Modifications 

During review of the Port's Final Work Plan, the TAP and DEQ recommended 

expanding the scope of the site investigation to obtain additional observational 

and laboratory data. The purpose was to achieve a more robust characterization 

of hydrogeological, geochemical, and ecological conditions for the revised 

conceptual site model. This also provided a more complete set of project data 

for technical analysis and modeling. These additional tasks were incorporated 

into the Addendum and successfully implemented during the investigation: 

Additional Subsurface Fill Sampling. Hart Crowser collected additional samples 

of non-Port fill from the lagoon exploration borings. As requested by Landau in 

the field, Hart Crowser relinquished selected samples to Landau for laboratory 

chemical analyses supporting the RIS&G area-wide investigation. The area-wide 
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investigation is discussed below in Section 1.4. Hart Crowser also provided 

sample splits of Port dredged material to Landau where requested and as sample 

volume allowed. Analysis results of samples selected and analyzed by Landau 

are discussed in Section 7.0. 

Additional Lagoon Piezometers and Sampling. In addition to the groundwater 

piezometers installed in the lagoon containment cells, deeper piezometers were 

installed in underlying native sands and gravels below Cell 3 and Cell 5. 

Groundwater elevation measurements in these deeper piezometers provided 

additional data for determining groundwater flow through the cells. 

Groundwater flow and gradient results are discussed in Section 5.0. Also, 

groundwater samples were collected from the deeper piezometers for chemical 

analyses as discussed in Section 8.0. The project work scope was extended at 

the request of DEQ to collect a second round of groundwater samples from the 

lagoon piezometers in April 2000. 

Surface Sediment Sampling. Hart Crowser collected additional surface 

sediment at several sampling locations to provide splits to Landau. Landau used 

these splits to evaluate benthic organisms for the ecological survey of Ross 

Island Lagoon. Ecological survey results are discussed in Section 9.0. 

Upland Well Locations. Upland well locations were adjusted to make sure they 

were on the lagoon side of Ross and Hardtack Islands. One of the well cluster 

(MW-01) was relocated again prior to drilling following approval by DEQ 

because of access limitations and to avoid the buffer around an American Bald 

Eagle's nest on Ross Island. Upland well exploration is discussed in Section 4.0. 

The eagle nest and buffer are discussed in Section 2.0, Section 3.0, and Section 

9.0. 

Groundwater Seepage Monitoring. Three groundwater flux chambers were 

deployed above Cell 2, Cell 3, and Cell 5 to measure subsurface seepage into 

Ross Island Lagoon. Seepage rates were used for groundwater transport 

modeling as discussed in Section 8.0 and Section 10.0. Water samples for 

chemical analyses were also collected (Section 8.0). 

Laboratory Analysis Program. The laboratory analysis program was expanded 

to include analysis of total metals in groundwater and surface water (unfiltered 

samples) as well as dissolved metals (field-filtered samples). Results of total 

versus dissolved metals are compared in Section 8.0 and related data table 

summaries. Also, total petroleum hydrocarbon (TPH) analysis was added to the 

laboratory program for surface and subsurface sediment samples. Analysis 

results are presented in Section 7.0. 
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Computer Modeling for Particulate Dispersion During Disposal. In response 

to a DEQ comment, discussion with the Corps was planned to potentially 

modify the particulate dispersal modeling program. Hart Crowser conferred 

with the Corps Waterway Experiment Station to verify that the existing code was 

appropriate without modification to complete the dispersion modeling. 

Modeling results are discussed in Section 10.0. 

Ecological Risk Evaluation. Hart Crowser clarified the use of literature-based 

biota contaminant accumulation factors for the risk evaluation. Project results 

did not indicate that additional work to develop site-specific (non-literature) 

accumulation factors is needed for the purposes of assessing risk related to the 

Port's confined dredged material at Ross Island (Section 11.0). Hart Crowser 

also clarified the use of established regulatory sediment quality guidelines for 

screening criteria in the risk assessment. Additional rationale was provided for 

sediment sample selection for bioassay testing and evaluation of exposure 

pathways. These points are discussed further in Section 6.0 and Section 11.0. 

Groundwater Contaminant Transport Evaluation. Hart Crowser revised the 

modeling approach to include all detected bioaccumulative compounds and 

exclude biodegradation factors at the request of DEQ. We also applied the 

most conservative of the sediment/water partitioning coefficients obtained from 

laboratory testing and literature values. Modeling results are discussed in 

Section 10.0. 

1.3.4 Draft Site Investigation Report Review and Revisions 

Following issuance of the Draft Site Investigation Report on July 20, 2000, more 

than 160 review comments were received during a public review process 

managed by DEQ. A number of issues related to the investigation findings were 

raised by DEQ and the TAP and are summarized below. Responses to review 

comments are provided in Appendix J to this final report, with text, table, and 

figure revisions incorporated to clarify and address the issues raised. 

Risk Assessment Scope and Bioaccumulation. The Final Site Investigation 

Report clarifies the conclusions and limitations of the risk assessment as related 

to potential contaminant contributions from the Port confined dredged 

materials. It is acknowledged that additional work is necessary during Phase II of 

the RIS&G area-wide investigation (discussed below) to resolve a number of 

uncertainties associated with the cause of several bioassay failures of surface 

sediment samples. In Hart Crowser's opinion, these failures are unrelated to the 

Port's confined dredged materials as a potential contaminant source. Also, Hart 

Crowser completed a supplemental bioaccumulation modeling study for an area 

proximal to Cell 3 that included surface sediment sample HC-SS 16. Our revised 
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findings for the risk assessment and bioaccumulation modeling are presented in 

Section 12.0 and Appendix I. In response to related DEQ and TAP comments, 

additional rationale is also provided in Section 10.0 for why surface sediment 

samples HC-SS20 and HC-SS22 were excluded from the risk assessment. 

Groundwater Transport Pathway and Horizontal Flow Component. Section 

10.0 and Appendix D-1 present additional detail describing results of 

groundwater transport modeling for the horizontal component of groundwater 

flow. In comparison with vertical flow, the horizontal flow pathway was not 

determined to be a significant concern for potential contaminant transport. The 

revised text clarifies the basis for this finding and presents model input 

parameters and hydraulic head data in more detail. 

Flux Chamber Seepage Meter Results. Section 8.0 and Section 10.0 provide 

additional detail supporting our conclusions that the Port confined dredged 

material is not the source of detected metals in the flux chamber samples. The 

mixing calculation used to estimate the concentrations of metals in groundwater 

seeping into the lagoon is also discussed in detail. 

Geotechnical Stability of Containment Cells. The TAP was expanded to 

include Oregon State University's review of Hart Crowser's geotechnical stability 

analysis and Slope Mitigation Feasibility Study (Appendix G). TAP and DEQ 

review comments are addressed in a memo provided in Appendix J. Points 

covered include the rationale for the sediment friction angle and other inputs 

used for slope stability modeling, and slope failure mechanisms simulated by the 

model. Also, the intent and purpose of the Slope Mitigation Feasibility Study are 

further explained in Appendix G. 

DDT Detections in Cell 1 Cap. A number of comments were received 

regarding the conclusion that the Port confined dredged material is not the 

source of DDT detected in the Cell 1 cap. This issue is further discussed in 

Section 7.0, with the continued conclusion that the Port dredged material is not 

the source. Hart Crowser also continues to recommend that potential non-Port 

sources should be investigated during Phase II of the RIS&G area-wide 

investigation (Section 12.0). 

Sediment Screening levels. In response to comments from DEQ, Hart Crowser 

reviewed an additional sediment screening criteria data set compiled by the 

National Oceanic and Atmospheric Administration (NOAA). This data set, 

known as the Screening Quick Reference Table (SQuiRT), is comprised of 

contaminant screening levels for fresh water sediments and is being used by 

DEQ as an interim sediment screening criteria for in-water disposal at Ross Island 

pending completion of the site-wide investigation. Hart Crowser addresses the 
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application of the SQuiRT criteria in the comment responses, clarifying that the 

inclusion of the SQuiRT values would not enhance nor alter our project findings 

and conclusions. 

Dispersion Modeling. Modeling was conducted as part of the Port's 

investigation work scope to simulate the dispersion of Port dredged material 

within the water column during disposal. Additional clarification and discussion 

of model input parameters, including current velocity, is provided in Section 10.0 

and in Appendix D-3. At the request of DEQ, Hart Crowser also prepared a 

memo with map figures illustrating the cell cap areas used for modeling input. A 

copy of this memo is presented in Appendix J. Application of the model and the 

cell capping boundaries are discussed in Section 10.0. 

Distribution Coefficient (Kd) Correction. Hart Crowser rechecked the 

calculations used to derive Kds distribution coefficients for groundwater transport 

modeling. A computational error for calculating the Kd values was corrected, 

and revised metals concentrations predicted by modeling are now presented in 

the Summary, Section 10.0 and Appendix D of the final report. The revised Kds 

resulted in even less predicted contaminant mobility from groundwater 

modeling, further supporting the conclusions of the investigation without 

additional qualification. 

1.4 Relation to RIS&G Area-Wide Investigation 

Hart Crowser 
J-5792-07 

Investigation activities described in this report focus solely on the Port's confined 

dredged material in the Ross Island Lagoon. These activities address the Port's 

obligations under the DEQ administrative agreement and modification, and fulfill 

the Port's commitment to the Governor's Office and the community to evaluate 

the environmental integrity of the containment cells. 

Additional work by RIS&G is currently in-progress to evaluate potential 

contaminant sources from non-Port fill materials on an area-wide basis. RIS&G is 

completing this area-wide investigation under a consent order with DEQ, with 

field investigations and other supporting studies being conducted by Landau and 

others. The first phase of the RIS&G investigation consisted of a number of field 

exploration tasks completed in 1999 and early 2000. Data from several of these 

tasks, such as upland drilling and well installation, supported both the Port's 

investigation and the RIS&G area-wide investigation. Landau also completed an 

ecological survey and a human use survey of land and water uses at Ross Island 

and vicinity. These surveys supported both the Port and the RIS&G 

investigations. Landau's Phase I Investigation Report was issued on May 15, 

2000, and work for Phase II is planned for the coming months. 
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The Port's investigation provides key data points and background for future 

phases of the RIS&G area-wide investigation. It is anticipated that the scope of 

work for these future phases will be developed using input from the Port's 

investigation. Findings and conclusions of the Port's investigation will also be 

reviewed with DEQ and the TAP in the context of the area-wide investigation 

and issues for future site use. 

Several other independent RIS&G site studies with information relevant to the 

Port's investigation were completed in 19991 or are on-going. These studies are 

summarized in Section 3.0 of this Site Investigation Report, with results 

incorporated into the report text where pertinent. 

1.5 Report Organization 

Hart Crowser 
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The remaining sections of Volume I of this report present: 

~ 2.0 SITE DESCRIPTION AND PHYSICAL SETTING; 
~ 3.0 BACKGROUND INFORMATION SUMMARY UPDATE; 
~ 4.0 FIELD INVESTIGATION OVERVIEW; 
~ 5.0 INVESTIGATION RES UL TS - PHYSICAL ANALYSES; 
~ 6.0 INVESTIGATION RESULTS -SURFACE SEDIMENT 

CHEMICAL ANALYSES AND BIOASSA Y TESTING; 
~ 7.0 INVESTIGATION RESULTS - SUBSURFACE SEDIMENT 

CHEMICAL ANALYSES; 
~ 8.0 INVESTIGATION RESULTS - GROUNDWATER AND 

SURFACE WATER CHEMICAL ANALYSES; 
~ 9.0 ECOLOGICAL AND BENEFICIAL USE SURVEY RESULTS; 
~ 10.0 CONTAMINANT TRANSPORT PATHWAYS; 
~ 11.0 HUMAN HEAL TH AND ECOLOGICAL RISK EVALUATION; 
~ 12.0 PROJECT CONCLUSIONS, RECOMMENDATIONS, AND 

REMAINING ISSUES; 
~ 13.0 REFERENCES; and 

~ 14.0 HART CROWSER PERSONNEL TECHNICAL 
BACKGROUND. 

Tables and figures supporting the text discussion are numbered to correspond to 

their respective sections and are presented at the end of their respective 

sections. 

Volume II of the Site Investigation Report includes technical appendices with 

supporting data: 
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~ APPENDIX A-DATA VALIDATION SUMMARY AND COMPILED 
CHEMICAL LABORATORY ANALYTICAL DATA; 

~ APPENDIX B-FIELD ACTIVITIES AND METHODS; 
~ APPENDIX C-LABORA TORY TESTING PROGRAM; 
~ APPENDIX D-MODELING DOCUMENTATION; 
~ APPENDIX E-RISK EVALUATION SUPPORT MATERIALS; 
~ APPENDIX F-BIOASSAY TESTING RESULTS (NORTHWEST 

AQUATIC SCIENCES); 
~ APPENDIX G-SLOPE HAZARD MITIGATION FEASIBILITY 

STUDY; 
~ APPENDIX H-ROSS ISLAND SAND & GRAVEL DISPOSAL 

INVENTORY (LANDAU ASSOCIATES, INC.); 
~ APPENDIX I-EVALUATION OF THE BIOACCUMULATION 

EXPOSURE PATHWAY FOR PORT OF PORTLAND CONFINED 
DREDGED MATERIAL IN ROSS ISLAND LAGOON; and 

~ APPENDIX J-RESPONSES TO REVIEW COMMENTS FOR 
JULY 20, 2000, DRAFT SITE INVESTIGATION REPORT AND 
RESPONSE MEMORANDA. 

F:\Docs\jobs\579207\Final_Sitel nvestRpt\Section01 (Final)\section01 ( 11-2 7).doc 
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2.0 SITE DESCRIPTION AND PHYSICAL SETTING 

This section summarizes information regarding the physical and environmental 

setting of Ross Island and vicinity. The information presented includes 

background data pertinent to site conditions and investigation data discussed in 

subsequent sections of this report. The Final Work Plan (Hart Crowser, 1999a) 

for the project should be consulted regarding additional details on RIS&G mining 

and processing operations, history, and the environmental setting. 

2. 1 Location and Setting 

Hart Crowser 

J-5792·07 

Ross Island is located in the Willamette River about 2 miles south of downtown 

Portland (Figure S-1 ). The island complex formed by Ross Island and Hardtack 

Island is nearly 1-1 /2 miles in length and includes the extensive lagoon area 

formed by the two islands (Figure 2-1 ). This location lies between river mile 

(RM) 14.0 and 15.6 (the distance from the confluence of the Willamette River 

with the Columbia River). The Ross Island Bridge crosses the Willamette River 

just north of the island. 

For descriptive purposes in this report, the Ross Island site consists of the 

connected Ross-Hardtack Island complex and the Ross Island Lagoon. These 

areas are privately owned by RIS&G, except for the extreme northern tip of Ross 

Island, which is owned by the Port of Portland. Two smaller islands, Toe Island 

and East Island, are located in the adjacent reaches of the Willamette River and 

Holgate Slough. East Island is privately owned by RIS&G, and Toe Island was 

deeded to the Nature Conservancy in 1979. Access to the Ross Island complex 

is by boat. 

The Ross Island Lagoon was created in 1926 and 192 7 when Ross and Hardtack 

Islands were joined with an earthen dike, closing a former channel in the 

Willamette River. The lagoon is enclosed except for a 500-foot-wide outlet to 

Holgate Slough on the northeast side of the lagoon. Upland areas of the islands 

are generally tree covered, except for the RIS&G plant for processing sand and 

gravel materials processing plant area at the northern end of Hardtack Island 

(Figure 2-1 ). Upland areas of Ross and Hardtack Islands currently comprise 

about 1 77 acres, and Ross Island Lagoon currently comprises about 15 7 acres 

(Landau, 2000c). Site zoning is Open Space except for the extreme northern tip 

which is zoned General Commercial. 

Land use in the Ross Island vicinity is mixed industrial, commercial, and 

residential. The Brooklyn and Sellwood-Moreland neighborhoods are located to 

the east of the island, and the Seymour, Corbett-Terwiliger, and Lair Hill 
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neighborhoods are located to the west. Several riverfront parks are also located 

nearby. These include the Oaks Bottom Wildlife Refuge and Riverside Park 

along the Willamette River east bank, as well as Willamette Park along the west 

bank and slightly upstream of Ross Island. Recreational uses of the Willamette 

River near Ross Island include boating and water sports, wildlife viewing, fishing, 

and hiking. The islands are posted against trespassing for insurance and safety 

reasons, but RIS&G does not maintain a policy of asking trespassers to leave 

unless they are in areas near the processing plant or on-going mining or 

reclamation activities. Recreational use of the island does occur, however, 

particularly along the shoreline beach areas. 

Personnel at the Multnomah County Sheriff's Office reported that recreational 

fishing in Ross Island Lagoon was seen by the river patrol "very rarely" at any 

time of the year. The Sheriff's Office further reported that fishing activity in 

Holgate Slough is observed "on a daily basis" during the summer, but "rarely in 

the winter months" {personal communication with the Port). The Willamette 

River Keepers also report that Ross Island Lagoon is infrequently used for fishing 

(personal communication with J. Kaufman). 

2.1.1 Site Topography and Bathymetry 

Site topography and bathymetry contours are depicted on Figure 2-1. These 

contours are based on an October 1999 survey for RIS&G by Minister-Glaeser 

Surveying, Inc. The survey data were provided through Landau. All exploration 

and sampling locations for the project are referenced to the Oregon State Plane 

coordinate grid (northings and eastings) included with the October 1999 survey. 

This grid is shown on the figures presented in this site investigation report. For 

consistency with the site survey, topographic and bathymetric elevations 

described in this report are referenced to the Ross Island {RI) Tide Board Datum. 

The following table provides conversions from the RI elevation datum to Mean 

Sea Level (MSL), National Geodetic Vertical Datum (NGVD), Columbia River 

Datum (CRD), and Willamette River Datum (WRD). 

Reference Elevation Datum 

Ordinary High Water (OHW) at Ross Island 

Ordinary Low Water (OLW) at Ross Island 

NGVD (=MSL) 

RI Datum 

November 30, 2000 

Elevation Difference 

in Feet from RI Datum 

+18.35 

+3.45 

+1.55 

0.00 
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Reference Elevation Datum 

CRD on the 

Willamette River at RM 15 

(Ross Island Lagoon) 

Also known as 

Willamette River Datum (WRD) 

Elevation Difference 

in Feet from RI Datum 

-0.35 

Mudline elevations of the Ross Island Lagoon range from about -10 to -30 feet 

(RI Datum) along the extensive bench area in the southern end of the lagoon, to 

elevations of -130 feet or greater to the north. Upland areas on Ross and 

Hardtack Islands reach an elevation of about 30 feet. Typical seasonal variations 

in surface water elevations in Ross Island Lagoon and the adjacent Willamette 

River range from about 1 to 9 feet (RI Datum), depending on river height and 

daily variations resulting from tides. Within this range, tidal variations account 

for about 1 to 3 feet of the daily fluctuation. Seasonal flooding may create 

greater changes in river and lagoon water levels. The water depth at the lagoon 

outlet varies from approximately 6 to 20 feet depending on the river level. 

Additional information regarding the surface water dynamics of Ross Island 

Lagoon to the Willamette River is provided in Section 5.0 of this report. 

2.2 Mining Operations Overview 

Hart Crowser 
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Since 1926, RIS&G has mined commercial-grade sand and gravel from upland 

and in-water areas of the Ross Island complex. In 192 7, a dike was constructed 

using sand and gravel fill to connect the southwestern end of Ross Island with 

the northwestern end ofHardtack Island, forming a lagoon for dredge mining. 

Dredging has expanded the lagoon to a current area of about 140 acres, with 

mining currently focused in the central and northern areas of the lagoon. The 

mined material is barge-transported for processing at the northwest end of 

Hardtack Island (Figure 2-1 ). The raw sand and gravel are washed, sized, 

crushed, and transported by conveyor to a barge load-out terminal for delivery 

to concrete batch plants and other market destinations. Wash water from the 

processing plant is discharged into a settling pond to remove unmarketable fine 

sand and silt. The total annual production of sand and gravel is roughly 900,000 

to 1,000,000 cubic yards (CY). 

Mining is prohibited within environmental resource protection areas shown on 

Figure 2-1. These include a Great Blue Heron rookery and the area around a 

(former) bald eagle's nest located on the west side of Ross Island, and at the 

southern, upstream tip of Hardtack Island. These areas have permanent reserve 
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status. The bald eagle's nest recently relocated inside the Great Heron Rookery, 

and pressure from the eagles may have caused a portion of the rookery to 

relocate to East Island (Landau, 2000g). Seasonal buffers are also es tab I ished to 

prohibit mining and other disturbance near the heron rookery and eagle's nest. 

2.2.1 Reclamation and Future Site Use 

Since the early 1980s, RIS&G has conducted reclamation activities intended to 

restore previously mined upland and lagoon areas pursuant to current and 

previous versions of the site Removal and Fill Permit (DSL RF-26) issued through 

the Oregon State Division of State Lands (DSL). Conditions of the current 

permit (reissued in May 2000) are discussed further in Section 3.0. According to 

RIS&G records, reclamation fill has included materials from RIS&G processing 

waste, dredged material, and other imported fill materials from the region. The 

total volume of upland and in-water fill is approximately 6 million CY. Filling has 

widened upland areas along the island margins at the south end of the lagoon, 

and created extensive in-water fill at the southern end of the lagoon. Additional 

discussion of import fill sources is provided in Section 3.0. 

The long-term reclamation strategy calls for continued placement of in-water fill 

to raise the lagoon bottom elevation to about -20 feet (RI Datum). Upland 

reclamation will create areas along the lagoon perimeter that have a minimum 

reclaimed width of about 400 feet. Permit requirements call for completion of 

reclamation filling by 2025. Reclamation requirements in the current permit are 

subject to potential modification based on planned revisions to the site 

reclamation plan by RIS&G (in-progress as of July 2000) (RF-26, Attachment A). 

DSL estimates that on the order of 20 to 35 million CY of material will be 

needed to complete the reclamation plan, unless modified (RF-26). An in-water 

"clear zone" for the next phase of reclamation filling is identified on Figure 2-1. 

Mining and filling are currently excluded from a 100-foot-wide buffer along the 

northern clear zone boundary, as shown. 

The post-mining site use is currently being evaluated by RIS&G and others, and 

has not been determined at this time. The Port's investigation does not preclude 

the possibility of alternate reclamation or site development strategies; however, 

no formal proposals have been made at this time. In particular, the possibility of 

breaching the dike between Ross and Hardtack Island was raised during review 

of the July 20, 2000, Draft Site Investigation Report by the TAP. Although this 

issue is beyond the scope of the Port's investigation, any alternative reclamation 

strategies involving modification to the dike would require careful review with 

regard to potential erosion of the containment cells or the surrounding fill areas. 

It is Hart Crowser's opinion that the wholesale removal of the dike would not be 
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feasible because of erosion concerns for the lagoon containment cells or 

overlying caps that protect the Port confined dredged materials. 

2.3 Hydrogeological Setting 

Hart Crowser 
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The general geologic setting of Ross Island and vicinity was summarized in the 

Final Work Plan (Hart Crowser, 1999a), based on information from publicly 

available documents. This information was compiled in the Final Work Plan for 

the purpose of developing a preliminary conceptual site model. The field 

investigation then provided data for characterizing site-specific hydrogeologic 

features and refining the conceptual model. The following sections provide an 

overview of regional geology, groundwater occurrence, and seismicity as 

background for later discussions of site-specific conditions. 

2.3.1 Regional Geology 

In general, regional geology is characterized by fill and unconsolidated river 

alluvium overlying consolidated sedimentary rocks of the Troutdale Formation. 

Alluvial material typically consists of stream-deposited sand and gravel with 

minor silt, and varies in thickness to about 200 feet in the lower Willamette 

Basin. These deposits originated from catastrophic flood events that occurred as 

the last ice age ended about 14,000 years before present. More recent alluvial 

deposition from the Columbia and Willamette Rivers and tributaries also 

contributed to these deposits, which are mined for commercial-grade sand and 

gravel at Ross Island and elsewhere throughout the region. 

The alluvial deposits overlie well-consolidated and cemented sandstone and 

conglomerate of the Troutdale Formation. The upper surface of the Troutdale 

Formation is eroded from catastrophic flooding and occurs with topographic 

variability. In the site vicinity, the Troutdale Formation commonly contains black 

gravel fragments derived from Columbia River Basalt and older, dark green to 

black volcanic rock. The thickness of the Troutdale Formation varies from about 

100 to 350 feet, according to available drilling information in the area. 

2.3.2 Groundwater Occurrence 

In the Ross Island area, shallow unconfined groundwater occurs within alluvial 

materials and fill. Deeper groundwater occurs as a regional aquifer in the 

Troutdale Formation. Groundwater may be continuously present downward 

through the alluvial system into the Troutdale Formation. Groundwater supply 

wells are developed in both the unconfined alluvial system and in the Troutdale 

Formation aquifer. 
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Unconfined groundwater typically occurs within about 10 to 30 feet of ground 

surface, depending on local topography, recharge sources from precipitation 

and streams, and land cover. Perched groundwater is also common in shallow 

water-bearing units throughout much of the Portland Basin. Perching zones are 

often related to silt and clay lenses and are laterally discontinuous. The 

unconsolidated nature of alluvial sands and gravels provides for relatively high 

permeability and hydraulic conductivity. Flow directions and gradients are 

controlled by local topography, thickness of the alluvium, and proximity to 

discharge sources. 

The Troutdale Formation is a principal groundwater aquifer in the southern 

Portland region. As a regional aquifer, it is generally considered to be confined, 

but shallower; unconfined groundwater or perched groundwater is also locally 

observed. The regional groundwater flow direction near Ross Island in the 

Troutdale Formation is generally toward the Willamette River. Farther to the 

north, flow in the Troutdale shifts toward the Columbia River. 

2.3.3 Seismicitv 

As summarized in the Final Work Plan, the lower Willamette Basin is a 

seismically active region with documented earthquake hazards. The Portland 

metropolitan area includes soil units identified by the USGS as having high

potential earthquake hazard. Additionally, a concealed structure known as the 

Portland Hills fault is believed to trend in a northwest to southeast direction 

through Ross and Hardtack Islands. This structure is considered part of a major 

regional fault system. Recent seismic activity includes the 1993 Scotts Mills 

earthquake, which measured 5.6 on the Richter scale. This earthquake was 

centered about 30 miles southwest of Portland. 

2.4 Willamette River and Flooding 

Hart Crowser 
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The lower Willamette River consists of a freshwater tidal section with typical mid

channel depths of up to about 30 feet near Ross Island. The Willamette River 

drains an 11,500-square-mile basin encompassing three aquatic eco-regions 

(Coast Range, Cascades, and Willamette Valley). 

Hydraulic characteristics of the Willamette River affect surface water levels and 

flooding potential near Ross Island. Tidal fluctuations, seasonal flooding, 

Columbia River water heights, and discharges from upstream reservoirs affect 

river elevations. Daily tidal variations produce river elevation changes of about 1 

to 3 feet near Ross Island. Seasonal variations are between about 1 and 9 feet 

(RI Datum), with higher water levels during spring freshets or periods of more 
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extreme flooding. Upstream storage reservoirs in the Willamette Basin stabilize 

flows during flood-prone winter months and dry summer months. 

Areas subject to flooding along the Willamette River near Ross Island are 

primarily industrial with some residential and commercial development. 

Predicted water elevations for the 100-year flood event are between about 27.5 

and 30.5 feet (RI Datum), resulting in overtopping of much of the upland areas 

of Ross and Hardtack Islands, as observed during severe flooding in the spring of 

1996. Progressive backup of flood waters upstream from the Columbia River 

contributed significantly to elevated river levels during this event. 

The potential for Port material in the confined disposal cells or the overlying 

capping material to erode was determined to be low based on aerial 

photographs and historical data evaluated in the Final Work Plan. Two potential 

erosion mechanisms were identified: 

~ Erosional scour from flood waters overtopping upland areas at the southern, 

upstream end of the lagoon; and 

~ Breaching of the upland areas of the island and creation of a new flood 

channel through the lagoon. 

Although the potential for erosion from these mechanisms was predicted to be 

low, additional drilling investigation in the vicinity of the dike was completed 

during the project field work to assess the continuity and stability of soil strata. 

2.5 Environmental Setting 

Hart Crowser 
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The following information is condensed from the Final Work Plan. Results of the 

Landau ecological survey are presented in Section 9.0 of this report. 

2.5.1 Terrestrial Environment 

Upland areas of the Ross Island complex are heavily vegetated for the most part 

with cottonwoods, other deciduous trees, and ground cover such as blackberries 

and other underbrush. Exposed ground is present near the processing plant and 

other working areas, as well as along sandy shoreline areas of the lagoon and 

island perimeter. Grasses, weeds, and miscellaneous vegetation are present on 

the outer periphery of the islands. One endangered plant species (Bradshaw's 

desert-parsley) and one threatened plant species (Water Howellia) have been 

identified in the area, and seven additional species of concern were identified in 

the area during development of the Final Work Plan. 
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Upland areas provide habitat for a number of small mammals, rodents, and 

birds, including resident Great Blue Herons and American Bald Eagles. The 

occurrence and distribution of these species are discussed in Section 9 .0. The 

American Bald Eagle is listed under the Endangered Species Act as threatened. 

Other avian and mammal species of concern identified in this area are listed in 

the Final Work Plan. In addition, protection areas have been established for a 

Great Blue Heron rookery and an American Bald Eagle's nest on the western 

portion of Ross Island. Mining is restricted in these areas and in their buffers, as 

identified on Figure 2-1. The eagle's nest and a portion of the rookery recently 

relocated to the areas shown on Figure 2-1. Also shown on Figure 2-1 is an 

additional preserve area "T" located at the southern (upstream) end of the island. 

This area is identified on Figure 1 of the site DSL Removal and Fill Permit: 

2.5.2 Aquatic Environment 

Aquatic habitat in the site vicinity is characterized by the slow-current 

environment of Ross Island Lagoon, and adjacent reaches of the Willamette 

River and Holgate Slough. Shallow water areas occur along the island shorelines 

and southern in-water fill bench at the southern end of the lagoon. Deeper 

areas extend to water depths of about 130 feet, and are present in the central 

and northern end of the lagoon in current and previous mining areas. 

The occurrence, abundance, and condition of aquatic organisms and habitat 

near Ross Island are discussed as part of the ecological survey results. The 

ecological survey incorporated findings from an on-going study by Beak (2000) 

to evaluate the use of Ross Island Lagoon and adjacent waters by anadromous 

salmon ids. Currently, steel head (O. mykiss) and Chinook salmon 

(0. tshawtscha) are federally listed as "Threatened" species for the Lower 

Columbia River Evolutionarily Significant Unit (ESU). This area includes Ross 

Island and the lower Willamette River, and is considered as critical habitat for 

these species as well as those listed in the Upper Willamette ESU. It should also 

be noted that Ross Island Lagoon is part of the Southwest Washington/Columbia 

River ESU, where these species are proposed for listing as threatened. 

Other species, such as freshwater clams, mussels, crayfish, snails, and non

salmonid fish, are important components of the aquatic macroinvertebrate fauna 

of the basin. These organisms serve as prey items for fish and birds, and may be 

potentially harvested for human consumption. 
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2.5.3 Sensitive Environment 

The Ross Island area is considered to be a sensitive environment as defined 

under OAR 340-122-115 because of the presence of endangered plant and 

salmonid species. Also, American Bald Eagles are listed as a threatened species 

and use the island for nesting. 

F:\Docs\jobs\579207\Final_SitelnvestRpt\Section02(Final)\Section02( 11·1 7).doc 
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3.0 BACKGROUND INFORMATION SUMMARY UPDATE 

The Final Work Plan (Hart Crowser, 1999a) and supporting appendices 

presented extensive background information regarding the mining operations, 

permitting, and reclamation filling. The Work Plan information was compiled 

from Port of Portland records, data provided through RIS&G and Landau, and 

other sources. This section provides an updated summary of the site fill history, 

and presents supplementary operational data that became available from Landau 

and RIS&G after the Port's Final Work Plan was issued on July 23, 1999. Also, 

an overview of confined aquatic disposal is provided to describe general siting 

and construction concepts applicable to the placement of the Port's dredged 

materials in confined aquatic cells in Ross Island Lagoon. 

A number of new site studies and sampling activities were completed by Landau 

and others under contract to RIS&G in 1999 and 2000. These activities are 

summarized below, with results pertinent to the Port's investigation incorporated 

into subsequent sections of this report as appropriate. 

3. 1 Site Fill History Summary 

Hart Crowser 
J-5792-07 

Based on RIS&G records, more than 6 million CY of fill have been placed in the 

course of upland and in-water reclamation activities at Ross Island since the early 

1980s. The confined dredged material disposed of by the Port within the five 

lagoon containment cells constitutes about 160,000 CY, or less than 4 percent 

of the total volume of fill placed. The remainder includes: 

~ 4 million CY of fill from on-site sand and gravel processing operations; 

~ 1 million CY of waste rock from a U.S. Army Corps of Engineers navigation 

project at Bonneville Locks (referred to here as Bonneville Rock); 

~ 872,000 CY of import dredged material and other materials from non-Port 

sources (RIS&G inventory, Appendix H); 

~ 258,000 CY of import fill handled through RIS&G and affiliate plants; and 

~ 45,000 CY of Port material suitable for unconfined in-water disposal based 

on review and approval by EPA, DEQ, and the Corps (see Table 3-1 ). 

Of this total, RIS&G reports that approximately 1, 900,000 CY of the fill have 

been placed for in-water disposal at the southern end of Ross Island Lagoon. 

This area is defined by the relatively shallow bathymetric bench at about 
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elevation -1 Oto -20 feet (RI Datum). Information from figures presented in a 

September 1999 document by Landau (Revised Phase II Work Plan Outline 

provided in Landau [ 1999e]) indicates that the in-water fill was generally placed 

from the settling pond in clockwise direction around the southern end of the 

lagoon from the early 1980s to present. Much of the in-water fill prior to about 

1990 was placed south of the lagoon containment cells, and is now reclaimed 

upland. During discussions with Landau and RIS&G on April 7, 2000, no 

additional information regarding in-water disposals or fill sources was available. 

3.2 Non-Port Sources of Import Fill 

Hart Crowser 
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Figure 2-4 in Landau's Phase I Remedial Investigation Report indicates that filling 

of Ross Island Lagoon prior to 1985 consisted of wastes from the on-site sand 

and gravel processing only (Landau, 2000f). After 1985, RIS&G inventory 

records identify substantial volumes of import fill from non-Port sources placed 

for unconfined, in-water disposal at the southern end of the lagoon. One 

notable source included gravel- to boulder-sized basalt rock (Bonneville Rock) 

from a Bonneville Dam maintenance project by the Corps in 1987 and 1988. 

The placement of the Bonneville Rock provides a useful temporal and physical 

reference for Ross Island Lagoon filling activities. RIS&G inventory records 

compiled by Landau are presented in Appendix H to this Site Investigation 

Report. 

No additional records of imported material for in-water filling were available. 

Import fill was placed at upland locations beginning in 1982 according to 

notations on Figure 2-3 of the Landau Phase I report. 

In its review comments for the July 20, 2000, Draft Site Investigation Report, 

DEQ indicated that the majority, if not all, of the disposals at Ross Island Lagoon 

were permitted. Permitting issues for the non-Port materials were not addressed 

as part of the Port's current investigation; however, chemical sampling data for 

non-port fill, if provided with permit records, were reviewed. 

3.2.1 Pre-Bonneville Import Fill (1985 to 1987) 

RIS&G records indicate that about 189,000 CY of unconfined dredged material 

fill were placed between 1985 and the initial disposal of Bonneville Rock in 

1987. These disposals included a reported 23,667 CY of Port material from 

Swan Island in 1985; however, Port records indicate this material was taken to 

an adjacent site at Swan Island and not to Ross Island. Disposals also included 

152,000 CY from a 1987 Portland Harbor dredging project by the Corps. A 

reported volume of 11,000 CY of fill from one upland source was also placed in 

1986 (modification of the Slough Bridge, Kiewit Pacific Company and 
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Marmolejo Contractors, Inc.) No chemical characterization data or bathymetric 

records were available for these fill sources and disposal events. 

In addition, Port records document that approximately 2,000 CY of maintenance 

dredging material from Terminal 4 Berth 401 (grain terminal) in September 1987 

were taken to Ross Island Lagoon for unconfined in-water disposal. Samples of 

this dredged material had previously been collected for chemical analysis. Based 

on these analytical results, regulatory review, and permitting through the Corps 

and DSL, the dredged material was determined by be acceptable for unconfined, 

in-water disposal. 

3.2.2 Bonneville Rock (1987 and 1988) 

Bonneville Rock fill was placed over much of the shallow, in-water lagoon bench 

in 1987 and 1988. As discussed in later sections of this report, field data 

collected during the Port's investigation indicate that the Bonneville Rock does 

not extend into the area where disposal Cell 5 was created in 1992. Also, 

containment Cells 1 through 4 were created by mining through the Bonneville 

Rock as a distinct layer. Bonneville Rock does not underlie the cells, as originally 

presumed in the Final Work Plan. 

3.2.3 Post-Bonneville Import Fill (1987 to 1998) 

Following placement of the Bonneville Rock in Ross Island Lagoon, additional fill 

was placed above the Bonneville Rock, and to the north in the area of Cell 5 for 

in-water disposal. RIS&G records identify the following sources of in-water fill 

from various maintenance dredging projects. 

Ill> Oregon Yacht Club (1985 - 24,300 CY) 

Ill> Corps Portland Harbor Project (1987 - 148,000 CY); 

Ill> Port of Longview (1988 - 10,399 CY); 

Ill> Burlington Northern Willamette River Bridge Project (1989 - 40,000 CY); 

Ill> Lone Star Docking Facility (1989 - 6,289 CY); 

Ill> Jantzen Beach Moorage (1994 - 30,939 CY); 

Ill> Willamette Sailing Club (1996 - 14,413 CY); 

Ill> Willamette Sailing Club (1996 - 20,000 CY); 

Ill> Columbia Business Park (1996 - 4,000 CY); 

Ill> Oregon Yacht Club (1996 - 22,550 CY); 

Ill> Winmar Company, Jantzen Beach (1997 - 23,285 CY); and 

Ill> Boise Cascade St. Helens Veneer Plant (1998 - 270 CY); 

Unspecified portions of the 1989 Burlington Northern and 1998 Boise Cascade 

fill were also placed as upland fill. Except for these two latter projects, no 
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chemical characterization data were available for the disposals listed. Metals 

and oil and grease were detected in pre-dredge samples from the Burlington 

Northern material that reportedly included sandblasting grit. Polycyclic aromatic 

hydrocarbons (PAHs) were detected in several pre-dredge samples of the Boise 

Cascade material. 

Dredged material from several Port maintenance dredging projects was also 

placed for unconfined disposal between 1989 and 1995: 

.,.. Terminal 5 Berth 502 New Construction ( 1989 - 5,43 7 CY); 

.,.. Terminal 6 Berths 603, 604, and 605 (1993 - 28,622 CY); 

.,.. Terminal 4 Berth 408 (1994 - 2,300 CY); and 

.,.. Terminal 5 Berth 503 New Construction (1995 - 5,000 CY). 

As for the earlier Terminal 4 Berth 401 disposal, the Port collected samples of 

this dredged material for chemical analysis to determine appropriate disposal 

options. The Port dredged material was determined by be acceptable and 

permitted for unconfined, in-water disposal following regulatory review. 

3.2.4 Confined In-Water Disposal of Northwest Pipeline Fill in Ce/15 

RIS&G records also identify that roughly 20,000 CY of dredged material 

generated by Northwest Pipeline Corporation were placed for confined disposal 

in Cell 5 in 1992. RIS&G dredged this material from the Columbia River under 

contract to Pentzien, Inc., and confined disposal was required by DEQ. 

According to RIS&G records, the Northwest Pipeline material was placed at the 

southern end of Cell 5 immediately following disposal of Port confined dredged 

materials from Dry Docks 1 and 4. 

The Port had no knowledge at the time of disposal that the Northwest Pipeline 

material was placed in the same cell as Port confined dredged materials. During 

the April 7, 2000, meeting with the Port, RIS&G indicated that the disposal barge 

for the Northwest Pipeline material was stationed south of the area where the 

disposal barge for the Port confined dredged material had been stationed. Cell 

5 was subsequently capped to cover both materials. As a result, the boundaries 

of Cell 5 have been adjusted from those shown on the Final Work Plan figures to 

reflect the increased size of the confined fill area for the combined Port and 

Northwest Pipeline materials. 

3.2.5 Upland Fill 

RIS&G records list dredged materials generated from more than 40 other non

Port sources that were reportedly placed for upland reclamation fill beginning in 
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1985. Of these sources, available pre-disposal chemical characterization is 

limited to the following events: 

.,._ Burlington Northern Willamette River Bridge Project (1989 upland disposal 

portion); 

.,._ Chevron Willbridge Terminal (1991 and 1992); 

.,._ Corps Willamette Falls Locks (1996); 

.,._ Elf Atochem Rivergate Plant Salt Pad (1997); and 

.,._ Boise Cascade St. Helens Veneer Plant (1998 upland portion). 

Chemical characterization data for these events provided by Landau are 

presented in Appendix A of the Final Work Plan. Potential environmental 

impacts of non-Port fill materials are being addressed in the area-wide 

investigation currently underway by RIS&G and Landau. 

3.3 Confined Aquatic Disposal Overview 

Hart Crowser 
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Confined aquatic disposal (CAD) is a proven method for permanent 

containment of contaminated dredged material in marine, estuarine, and riverine 

environments. This disposal concept has been used in various forms since the 

1970s at locations throughout the United States and abroad. In-water disposal 

concepts are illustrated on Figure 3-2. Sediments are placed either on the 

existing bottom at the disposal site or within excavated or naturally occurring 

depressions. A confining cap is then established over the disposal site to isolate 

the contaminated sediments from the aquatic environment. Alternatively 

contaminated sediments can be capped in situ without dredging and transport 

to a new disposal site. 

At Ross Island, containment cells for Port disposals were excavated by RIS&G in 

pre-existing non-Port fill with the exception of Cell 5. Cell 5 was formed from an 

existing "bowl" of non-Port fill without additional excavation (Figure 3-1 ). 

3.3.1 Placement Methods 

Dredged material placement methods at CAD sites include dumping from 

barges or gravity discharge through a pipe or tremie tube from the barge. 

Hydraulic pipelines are also used where feasible, eliminating barge transport. 

The Port disposals at Ross Island were accomplished using split-hull, bottom

dump barges or tremie tube placement (Figure 3-3). 

During barge disposal, the hull is opened to unload the entire dredged material 

contents over a period of minutes. The time needed for unloading depends on 

the size of the barge and physical consistency of the material. Barge location 
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and stationing over the disposal target are critical factors. During descent 

through the water column, the disposal material typically falls in clumps that 

disaggregate or "strip" into smaller fragments and particles as water becomes 

entrained. Because of physical convection during descent some of the material 

disperses laterally through the water column away from the disposal target. This 

is an expected phenomenon and can be accentuated by greater water depths. 

Lateral dispersal also occurs as the dredged material impacts the bottom surface 

at relatively flat disposal sites (dynamic collapse). Ambient currents or 

turbulence are additional factors that can accentuate dispersal. 

During tremie hopper disposal, the dredged sediments are transferred from the 

barge to a hopper to reslurry the material and break up clumps. The dredged 

material is then fed from the hopper into a tremie tube consisting of a conduit 

pipe (often about 3 feet in diameter) that extends vertically from the barge 

through the water column to a discharge point just above the bottom of the 

target disposal area. Depth of placement is determined by the length and 

extendibility of the tremie tube. Tremie disposal generally provides better 

placement control and limits free fall descent of the disposal material to the 

lower portion of the water column. In contrast there is little reduction in 

momentum or impact energy of the material upon contact with the bottom. As 

a result, disposal materials may form localized mounds or rebound and disperse 

on impact. A submerged diffuser at the end of the tremie tube is often used to 

distribute the disposal material more evenly and to minimize rebound during 

discharge. Winch-controlled guide wires are commonly used to control tremie 

positioning. 

Placement of capping materials can be accomplished using the same techniques 

as described for the disposal materials. Capping materials may also be placed 

using a clamshell bucket. All methods must be carefully controlled for even 

placement. At Ross Island, capping at three of the cells was accomplished using 

a submerged hydraulic line and diffuser or "spoon" to control the distribution of 

the capping materials. Cell 3 and Cell 4 were capped in 1998 using clamshell 

placement methods. 

3.3.2 Example CAD Sites 

In addition to Ross Island, relevant examples of contaminated dredged material 

disposals within capped in-water containment cells are discussed below. 

Puget Sound Area. The Corps completed a demonstration project for disposal 

of PCB-contaminated sediments in the Duwamish River West Waterway in 1984, 

and One-Tree Island Marina (Olympia, Washington) in 1987 (Corps et al., 1999). 
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A variety of in situ capping projects have also been conducted in the Puget 

Sound area. 

Boston Harbor. In-channel CAD cells for the Boston Harbor Navigation 

Improvement Project were constructed in the Mystic River beginning in 1997 

(Fredette et al., 2000; and SAIC, 1999). Contaminated dredged materials from a 

variety of harbor cleanup sites were placed within cells of various sizes 

excavated from clay and then subsequently capped. Several smaller cells with 

areas up to about 1.5 acres were initially filled and capped. A larger "Super 

Cell" of about 7 acres was then filled and capped. The project was completed in 

1999. 

Newark Bay. A CAD facility was constructed from a former clay pit in Newark 

Bay in 1997 to place contaminated dredged materials from various cleanup sites 

in the New York/New Jersey Harbor area (Malcolm Pirnie, 1997). The CAD cell 

was roughly 17 acres in area. The project was completed in 1999. 

The Boston Harbor and Newark Bay projects are typical of a trend toward 

constructing relatively large CAD cells with capacity for multiple users and 

material with varying source contaminants. The Ross Island containment cells 

are smaller by comparison and range from about 0.2 acre to 1.5 acres for Cell 1 

through Cell 4, to about 3 acres for Cell 5. Also CAD cells for the listed example 

projects were capped using material bottom-dumped from barges, whereas 

capping for the Ross Island cells used hydraulic placement and clamshell 

techniques. 

3.3.3 CAD Siting and Construction Considerations 

General considerations for siting and constructing CAD sites have been 

described in several sources and are useful for comparing the setting of the Ross 

Island containment cells: 

.,._ Puget Sound Confined Disposal Study (Corps/Washington State 

Department of Natural Resources/Washington State Department of 

Ecology (Ecology), 1999). This is an Environmental Impact Statement (EIS) 

describing potential CAD sites and other disposal options for contaminated 

dredged material in Puget Sound . 

.,._ Puget Sound Confined Disposal Guidance Documents (Parametrix, 1990a 

and 1990b, prepared for Ecology). These documents describe 

recommended construction and operational standards for CAD and other 

dredged material disposal methods in Puget Sound. 
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~ Dredged Material Management and Disposal Alternatives (EPA and Corps, 

1992). This document presents the EPA and Corps technical framework for 

evaluating environmental effects of dredged material management and 

disposal alternatives. Characteristics of open water sites are presented that 

influence site selection and effects on disposal. Management measures and 

controls to reduce impacts during and post-disposal are summarized. 

~ Capping Guidance Documents (EPA, 1996; Palermo et al., 1998a and 
1998b; and Palermo, 1991a and 1991 b ). These documents provide 

guidance for capping and describe site factors influencing cap placement 

and performance. 

The referenced documents describe factors affecting the overall function and 

effectiveness of CAD sites and capping methods. These factors fall into several 

categories applicable to the setting of the Ross Island containment cells. It 

should be noted, however, that there are no promulgated regulatory 

requirements that specifically govern CAD site development, operation, and 

performance. Additional background on confined disposal of dredged material 

is also provided in the Corps (1987), but this information primarily relates to 

nearshore diked facilities. 

The following factors need to be considered when developing a CAD facility: 

~ Cell Configuration and Bottom Surface. The stability of confined dredged 

materials and caps is a predominant issue in the design criteria for CAD cells. 

CAD cells constructed in pre-existing or excavated depressions such as those 

at Ross Island are advantageous because they provide lateral containment 

and support for disposed dredged material. Cell disposal prevents potential 

remobilization and sloughing that can occur in other CAD disposal scenarios 

where dredged material is placed on a relatively flat and level bottom prior 

to capping. 

Although additional cell stability concerns at Ross Island are discussed later 

in Section 3.0 and Section 10.0, these concerns resulted from mining of 

adjacent fill material by RIS&G after the cells were constructed, and not from 

the configuration of the cells themselves. 

~ Surface Water Depth and Current Velocity. Water depth must be shallow 

enough to allow controlled placement of the material during disposal, but 

deep enough to prevent erosion from currents. The setting of Ross Island 

Lagoon addressed both of these points. Barge and tremie tube disposals 

were conducted at water depths varying between about 20 to 100 feet, 

providing good placement control. Disposals occurred in the low-current 
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environment of the lagoon and were not subject to currents of the adjacent 

Willamette River that could further disperse and transport the dredged 

material during disposal (Section 5.0). The Ross Island containment cells and 

caps are also below the level of river erosion during flooding (Section 10.0) . 

.,. Site Location. Although site zoning and land use compatibility may have 

limited relevance at other CAD sites, these issues are pertinent to the setting 

of Ross Island. Parametrix ( 1990a) lists these as important siting 

consideration issues for dredge material disposal in general. Single-owner 

sites with compatible zoning and land use are preferred. These attributes are 

present at Ross Island, an established industrial facility within an Open Space 

zoning designation (Section 9.0) . 

.,. Capping Approach. The primary function of CAD site capping materials is 

to provide a physical barrier to isolate confined dredged materials from the 

environment by preventing resuspension of particulates after disposal and 

increasing the transport length between the contaminated material and the 

aquatic ecosystem. Capping must also be resistant to erosion and 

disturbance of confined materials from burrowing organisms. A properly 

designed, installed, and maintained cap will reduce or eliminate the escape 

of chemical constituents in pore water from a CAD site on a long-term basis. 

Cap placement methods and thicknesses are evaluated in the referenced 

documents based on the nature of the CAD environment, resistance to 

erosion, and the nature of the materials to be confined. Verification of post

capping coverage and cap monitoring are also discussed. 

The Port contracted with RIS&G to cap the dredged material cell with clean 

capping material. The Ross Island containment cells were capped with the 

intent that additional non-Port fill would be placed above the caps to provide 

further physical isolation. The additional filling was required as part of 

RIS&G's site reclamation plan and was completed between 1992 and 1996. 

The cell caps were therefore viewed as interim structural cover to keep the 

Port confined dredged materials segregated during placement of the 

overlying fill. Permit requirements for Cells 1 through 3 required a minimum 

cap thickness of 1 foot, and this minimum thickness was also achieved for 

Cell 4 and Cell 5. In keeping with the capping approach discussed in the 

referenced documents, the functional "isolation" thickness of combined cap 

and non-Port fill is greater than the 1-foot minimum for the cap alone. This 

combined thickness for cap and overlying non-Port fill ranges from about 6 

feet above Cell 3 to about 22 feet above Cell 5. The coverage of capping 

and fill materials overlying the containment cells is illustrated by the 

bathymetric contours presented on Figure 3-1. Cap and fill thicknesses 

above individual cells are depicted on cross sections presented on Figures 
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5-2 through 5-3, and Figures 7-2 through 7-6. These thicknesses achieve the 

intent of isolating the Port's confined dredged material from the aquatic 

environment. 

It should be noted that pre-construction evaluation of capping thicknesses, 

potential for erosion, possible contaminant migration, and long-term 

maintenance were not documented in great detail. However, the resulting 

cell/cap configuration and function have been demonstrated by the current 

investigation to be consistent with the intent of regulatory guidance current 

at the time of cell construction, as well as applicable existing guidance. 

CAD cells are an accepted and on-going method for permanent disposal of 

contaminated dredged sediments nation-wide. The construction and 

configuration of the Ross Island containment cells are consistent with guidance 

on confined in-water containment at the time of disposal and subsequent to 

construction of the containment cells .. Additional detail regarding the 

containment cells and history of Port disposals at Ross Island is discussed below 

in subsequent sections of Section 3.0. 

3.4 Port Confined, In-Water Dredged Material Disposals 

Hart Crowser 
J-5792-07 

The Port placed dredged material requiring confinement within in-water 

containment cells at Ross Island Lagoon. This material was designated as being 

unsuitable for disposal in an unconfined condition, based on decisions made in 

consultation with a variety of regulatory agencies including the Corps, EPA, 

DEQ, and DSL. These agencies have established decision-making processes to 

determine when confined disposal is appropriate. These processes consider the 

origin of sediments, suspected contaminants, and/or bulk chemistry. The Port's 

disposals in Ross Island Lagoon, both confined and unconfined, were conducted 

in accordance with applicable regulatory requirements, and were granted 

approval and permitted by appropriate state and federal agencies (Table 3-1 ). 

Unconfined Port disposal events are summarized in Section 3.2 in the context of 

the overall fill history for Ross Island Lagoon. 

3.4. 1 Confined Disposal Projects 

Beginning in 1992, the Port contracted with RIS&G to take dredged material 

from Port maintenance projects, place the material in confined, in-water 

containment cells at the southern end of Ross Island Lagoon, and cap these 

material per permit requirements. All disposals were carried out with oversight 

by regulatory agencies and were observed by Port personnel. Water quality 

monitoring was conducted during these disposal events per permit requirements 
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and transmitted daily to DEQ via FAX. These water quality monitoring data are 

summarized in the Final Work Plan. 

Port confined dredged material disposal events included placement of 

approximately 160,000 CY of contaminated dredged sediments within five 

separate containment cells: 

Ill> Dry Dock 1 Maintenance Dredging (1992 - Cell 5); 

Ill> Dry Dock 4 Maintenance Dredging (1992 - Cell 5); 

Ill> Dry Dock 3 Maintenance Dredging (1994 - Cell 1 ); 

Ill> Terminal 4, Slip 3 Remedial Dredging (1994 - Cell 1 and Cell 2); 

Ill> Terminal 2 Maintenance Dredging (1996 - Cell 3); and 

Ill> Berth 410/411 Maintenance Dredging (1998 - Cell 3 and Cell 4). 

Table 3-1 summarizes information on the chronology of events, volumes, 

permitting, disposal site locations and depths, cap material volumes and 

thicknesses, analytical data obtained, and surveys conducted. A summary of 

chemical results for detected constituents during pre-dredge testing of Port 

sediments is presented in Table 3-2. 

3.4.2 Port-Related Constituents 

The Port obtained pre-dredge samples for chemical analysis of the materials to 

be disposed of, in accordance with agency-approved sampling and analysis 

plans. Elevated concentrations of a number of metals, polycyclic aromatic 

hydrocarbons (PAHs), polychlorinated biphenyl (PCB), and tributyltin (TBT) 

compounds were detected in pre-dredge samples of Port sediment. Based on 

the concentrations of these constituents, the Port dredge sediments were 

determined to be unsuitable for unconfined, open water disposal. Additional 

pre-dredge toxicity characteristic leaching procedure (TCLP) and bioassay testing 

were completed for some of samples where needed to confirm the acceptability 

for confined in-water disposal. 

Prevalent metals detected in samples from most of the dredged sediment 

disposal projects included arsenic, copper, and lead. High lead concentrations 

(up to 11,200 milligrams per kilogram [mg/kg]) were detected in 1994 Terminal 

4 Slip 3 pre-dredge samples (Cell 1 and Cell 2). The high lead concentration is 

characteristic of lead ore residues associated with material from this source. 

Elevated mercury concentrations were detected in samples from Dry Dock 3 

(Cell 1) and Terminal 4 Slip 3 (Cell 1 and Cell 2). Elevated zinc concentrations 

were detected in samples from Dry Dock 3 (Cell 1 ), Terminal 4 Slip 3 (Cell 1 and 

Cell 2), and Dry Dock 4 (Cell 5). TBT was detected in the pre-dredge samples, 

except in samples from Terminal 4 Slip 3 (Cell 1 and Cell 2) and Terminal 4 Berth 
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410/411 (Cell 3 and Cell 4), where TBT was not included as an analyte for 

testing. TBT concentrations were particularly high in samples from Dry Dock 3 

(11 O mg/kg - tin as Sn), and Dry Dock 4 (44.9 mg/kg). Mercury, zinc, and TBT 

are characteristic of antifoulant coatings used on vessel hulls. The use of 

mercury and TBT has been phased out in this country; however, it is still present 

on some military ships, and foreign vessels. Zinc and copper-based coatings also 

continue to be applied. Much of the mercury, lead, copper, and zinc in Port 

dredged sediment is attributable to historical shipyard activities (e.g., pre-1950s). 

Elevated PAHs were also prevalent in samples from each disposal project except 

Terminal 2. Elevated PAH concentrations were detected in the material from 

Terminal 4 Slip 3 sediments that contained pencil pitch (Cell 1 and Cell 2). PCBs 

were detected at slightly elevated concentrations in pre-dredge samples except 

at Dry Dock 4 and Terminal 2. Aroclor 1254 was the dominant PCB detected, 

with Aroclor 1260 detected in samples from Terminal 4 Slip 3 (Cell 1 and Cell 2), 

and Dry Dock 3 (Cell 1 ). 

Pre-dredge samples of materials from Dry Dock 3 (Cell 1 ), Dry Dock 4 (Cell 5), 

and Terminal 4 Berths 410/411 (Cell 3 and Cell 4) were submitted for TCLP 

analyses. Bioassay testing for hazardous waste determination was completed for 

Dry Dock 4 material. TCLP and bioassay results indicated that the tested 

materials were suitable for confined, in-water disposal and are not classified as 

Hazardous Waste or Toxic Substances under federal and state definitions. The 

Dry Dock 4 dredge material was chemically and biologically characterized in 

accordance with the standard tiered approach described in Evaluation of 

Dredged Material Proposed for Discharge in the Waters of the U.S. - Testing 

Manual (EPA/Corps, 1998). This approach uses TCLP and bioassays to 

determine if materials can be managed using in-water disposal, which in this 

case, was determined to be suitable for the Dry Dock 4 materials. 

3.4.3 Cell Excavation, Placement, and Capping 

Each containment cell was excavated using standard dredge mining methods. 

The cells were excavated from older fill or other materials, including an 

approximate 10- to 20-foot-thick layer of Bonneville Rock removed during 

excavation of Cells 1 through 4. As discussed above in Section 3.3, the 

containment cell caps were intended as interim structures prior to placement of 

additional non-Port fill above the caps. The effective long-term capping 

thickness therefore, includes the overlying non-Port fill as well as the capping 

materials themselves. 

During placement in Cell 1, Cell 2, and Cell 5, Port dredged material was 

unloaded from split-hull barges directly to the cells. Barge stationing was 
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accomplished using two sets of "range pole" targets placed at right angles to line 

up the barge at the center of the cell. For Cell 3 and Cell 4 disposals, a tremie 

hopper was used to place Port dredged materials. Using a front-end loader or 

dam-shell bucket, the material was transferred from a flat-decked barge to the 

hopper and a gravity-feed tremie tube (Figure 3-3). The tremie tube is a 3-foot

diameter pipe extended through the water column to the cell. Records 

documenting the exact depth of the tremie tube during disposal were not 

available; however, photos taken during preparation of equipment for 1 998 

disposal activities show a minimum length of 18 feet. For the purposes of the 

STFATE model that simulated dispersion of the dredged material at the disposal 

site, the tremie tube depths were varied between 18 and 35 feet below the 

water line. These depths correspond to the lagoon mudline (shaliow depth), and 

the mid-point between the bottom of the cell and adjacent lagoon mudline 

(deeper depth). STFATE modeling is described in Section 10.0. Bathymetric 

surveys of each cell were completed before and after each disposal event to 

document the pre- and post-placement conditions. 

Each cell was capped with a confining layer of fine-grained material from the on

site process settling pond. To distribute the capping material, RIS&G used a 

submerged, spoon-shaped spreader at the end of a delivery tube for Cell 1 and 

Cell 2. Capping for Cell 3 and Cell 4 was accomplished using a clamshell bucket 

to transfer the capping material. For Cell 5, a submerged diffuser was used to 

spread and distribute the capping material. The capping placement methods are 

consistent with those recommended in the technical sources referenced in 

Section 3.3. Capping thicknesses and lateral extent for all containment cells 

were verified by bathymetric surveys. Also, a minimum of two weeks was 

allowed for dredged material consolidation before the capping of each cell. 

3.5 RIS&G Operational Issues 

Hart Crowser 
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Several RIS&G operational issues are discussed below as they relate to the Port's 

confined dredged material. These issues are associated with the 1998 barge spill 

during disposal of Port dredged material from Terminal 4 Berth 410/ 411 material 

in Cell 3, the 1998 mining breach of Cell 5, and extensive mining of non-Port fill 

between 1992 and 1998. 

3.5.11998 Ce/14 Barge Spill 

During placement by RIS&G of Port dredged material from Terminal 4 Berths 

410/411 into Cell 4 in January 1998, a barge unloading accident resulted in a 

spill of about 250 CY of the dredged material from the barge (Figure 3-1 ). 

Following immediate notification of DEQ of the spill, the remaining dredged 

material was deposited in Cell 3. Following placement of dredged fill material, 
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surveys were completed for the spill area. Three subsequent capping events by 

RIS&G in the winter and spring of 1998 covered the area of Cell 3, Cell 4, and 

the spill with clean rock crusher tailing material approved by DEQ. A post

capping survey in May 1998 verified that the area was covered with a minimum 

3-foot cap thickness. 

3.5.2 1998 Ce/15 Mining Breach 

Six years after placement and capping of the material, mining near the east side 

of Cell 5 in the spring of 1998 breached a portion of the cap, overlying fill, and 

the contained sediments (Figure 3-1 ). The breach was discovered in November 

1998, during a review of bathymetric data by the Port. The cap was re

established over the breached cell by RIS&G pursuant to a DEQ order in 

February 1999. Post-capping bathymetric data were obtained to document the 

repair efforts, and surface sediment samples were collected of the cap and 

surrounding area for chemical analyses (Landau, 1999d). The post-cap breach 

repair sampling data collected by Landau are summarized in Section 6.0 of this 

report. 

Material Reprocessing and RIS&G Settling Pond Investigation 

The bathymetric data indicated that Port confined dredged materials exposed 

during the breach were mined and processed by RIS&G on site. A substantial 

volume of non-Port fill above the cap was also disturbed and reprocessed. 

Because of the fine-grained nature of the re-mined material, it is estimated by 

RIS&G that the majority (approximately 83 percent) was discharged to the site 

settling pond after processing (Landau, 2000c). 

The referenced Landau report describes the results of settling pond sampling in 

October 1999, to assess the potential environmental concerns. Elevated TBT 

concentrations were detected in the settling pond sediments, with 

concentrations increasing with depth. Following discussions with DEQ, RIS&G 

began removing sediment in the pond in the spring of 2000, to preserve its 

operational function. RIS&G proposed this approach to preserve the use of the 

pond and to avoid potential failure of the dike separating the pond from the 

lagoon. Sediments removed from the pond were placed in a portion of the 

pond being reclaimed as upland. These activities were also intended to address 

environmental concerns related to the presence of TBT in the pond (Landau, 

2000c). 
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3.5.3 In-Water Mining in the Reclamation Area between 1992 and 1998 

During review of bathymetric maps for Ross Island Lagoon, Hart Crowser noted 

that dredge mining since 1992 has progressively removed several million CY of 

in-water material from the central part of the lagoon. This material originally 

formed a shelf at about elevation -20 and -60 feet (RI Datum) that was 

contiguous with the shallow fill bench at the southern end of the lagoon. The 

shelf extended roughly 500 feet northward beyond the present-day edge of 

slope. Some portion of this "extended" shelf was therefore present prior to, and 

during excavation of, containment Cells 1 through 4 on the shallow fill bench. 

The extended shelf was also present prior to filling Cell 5 in 1992. The presence 

of the shelf as a buffer between the reclamation area and the mining site was a 

key factor in siting the containment cells. 

Continued southward mining of the previous fill shelf material has produced a 

steep slope encroaching on Cell 2, Cell 3, and Cell 5, which was not present at 

the time the cells were constructed. This encroachment can be seen from 

bathymetry on Figure 2-1. Dredge mining east of Cell 5 in the spring of 1998 

resulted in a physical breach of the cell and its contents. Additional details 

regarding the nature of the material mined from the shelf or removal action are 

not available from RIS&G. 

Potential Risks Resulting from Previous Mining. Operations 

Slope stability concerns are associated with the proximity of the present-day 

edge of slope in the southern lagoon to the disposal cells. The Port's 

investigation, therefore, includes analysis of static and seismic stability issues 

associated with this condition. These slope stability issues are discussed in 

Section 10 and Section 12 of this report. 

Capping material for containment Cells 1 through 5 was derived from the site 

process settling pond. In turn, the capping material could have originated from 

process wastes from the mining of the lagoon shelf material, which may have 

included fill from numerous sources. The non-Port fill materials have not been 

fully characterized and are the focus of the RIS&G area-wide investigation. 

Samples of the capping materials were collected during the Port's investigation. 

The results of physical and chemical analyses of these samples are presented in 

Section 5.0 and Section 7.0 of this report, respectively. 

Management steps have been implemented by RIS&G to assure that mining 

activities do not encroach on reclamation activities in the future. These steps 

include establishment of a dredge/fill buffer zone identified in RIS&G's Removal 

and Fill Permit (RF-26) and marked in the field. The Removal and Fill Permit also 
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establishes a clear zone to prevent reclamation activities from interfering with 

on-going and future environmental investigations. RIS&G also monitors mining 

activities using GPS location control and maintains an enhanced recordkeeping 

and monitoring system. 

3.6 Other Site Studies and Sampling Activities 

Hart Crowser 
J-5792-07 

Several additional site studies were completed at Ross Island by Landau and 

others in 1999 and 2000. These are summarized below. 

3.6.1 Landau Area-Wide Investigation - Phase I 

As discussed in Section 1.0, Landau is currently completing an area-wide 

investigation under contract to RIS&G to evaluate potential contaminant sources 

other than the Port confined dredged materials. Field exploration and other 

tasks completed for Phase I of the area-wide investigation are described in 

Landau's Draft Phase I Data Report from May 2000 (Landau, 2000f). Results of 

several of these Phase I tasks also jointly support the Port's investigation of 

confined dredge material disposals, and are incorporated into subsequent 

sections of this Site Investigation Report: 

~ Upland groundwater well installation, sampling, and laboratory analyses 

completed by Landau in conjunction with the Port's field investigation 

(October 1999 through January 2000); 

~ Laboratory analysis of selected in-water surface and subsurface soil/sediment 

samples of non-Port materials collected during lagoon drilling for the Port's 

field investigation; 

~ An ecological survey of site resources at Ross Island completed by Landau in 

Fall 1999 in conjunction with the Port's evaluation of terrestrial and aquatic 

habitat (Landau, 2000b); and 

~ Land and water use surveys of Ross Island and adjacent areas (Landau, 

2000e and 2000d). 

In addition, Landau also completed upland drilling exploration to evaluate the 

chemical quality of reclamation fill materials placed at the southern end of 

Hardtack Island (December 1999 through March 2000). Landau's Phase I report 

should be consulted for additional details. 
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3.6.2 Other Site Studies 

In addition to the above Phase I activities, several other facility-related studies, 

completed by Landau, CH2M Hill, and Beak Consultants, provide pertinent 

background information for the Port's investigation. 

Landau In-Water Surface Sediment Sampling 

Sampling events include: 

..,. February 1999 post-breach repair samples collected near Cell 5 in Landau 

(1999d); and 

..,. October 1999 in-water "clear zone" surface sediment samples collected by 

Landau in the southern part of the lagoon (Landau, 2000a). Sampling was 

conducted pursuant to requirements of the DSL mining and reclamation 

permit for the facility. 

Summary results from these sediment sampling events are incorporated into 

Section 6.0 of this Site Investigation Report. 

Landau Settling Pond Investigation 

Elements of the settling pond investigation by Landau in October 1999 and 

sediment removal action and pond reconfiguration (in progress) are summarized 

above. 

CH2M Hill Lagoon Turbidity Study (On-Going) 

Under contract to RIS&G, CH2M Hill began monitoring turbidity and other 

physical parameters in Ross Island Lagoon and adjacent Willamette River and 

Holgate Slough in the spring of 1999. The work scope includes: 

..,. Continuous monitoring of turbidity, dissolved oxygen, and temperature; and 

..,. Synoptic sampling of turbidity, total suspended solids, and other parameters. 

Monitoring results are described in CH2M Hill reports for spring, summer, and 

fall 1999 (CH2M Hill, 1999b), and winter 1999/2000 (CH2M Hill, 2000a and 

2000b). Pertinent findings from these monitoring reports are incorporated into 

Section 5.0 of the current Site Investigation Report as they relate to lagoon 

circulation and dynamics. 
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CH2M Hill Biological Assessment 

CH2M Hill completed a biological assessment of fish habitat and aquatic 

resources in November 1999. This assessment supported RIS&G's renewal of 

the site mining and reclamation permit through the Corps and DSL. Results are 

summarized in a report by CH2M Hill (1999c), and incorporated into Section 

9.0 as they pertain to the Port's evaluation of site ecological resources for the 

current investigation. 

Beak Fish Monitoring Study (On-Going) 

Under contract to RIS&G, Beak began monitoring the abundance of salmonids 

and other fish species in Ross Island Lagoon and the adjacent Willamette River 

and Holgate Slough in the spring of 1999. The study objectives were to 

determine usage of the lagoon by fish, compare relative abundance inside and 

outside of the lagoon, and examine migration trends. Results were summarized 

in an interim report (Beak, 1999b) and final report (Beak, 2000). Findings are 

discussed in Section 9.0 as they pertain to the Port's evaluation of site ecological 

resources. 

3. 7 Mining and Operations Permit Status 

Hart Crowser 
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Conditions for RIS&G mining and reclamation activities are described in the site 

Removal and Fill Permit issued by DSL on May 2, 2000. A number of the DSL 

Removal and Fill Permit conditions are revised or new from previous versions of 

the permit. Key requirements for mining and reclamation include: 

.._ Completion of all mining removal activities by April 2005; 

.._ Inclusion of a Turbidity Monitoring Management Program to evaluate 

contributions from mining; 

.._ Limitations on mining excavation to the area north of the buffer zone shown 

on Figure 2-1; 

.._ Restrictions on mining within the buffers for the heron rookery and eagle's 

nest shown on Figure 2-1; 

.._ Limitations on in-water filling to the In-Water Clear Zone shown on Figure 

2-1 until site environmental investigation activities have been completed (the 

Clear Zone may be expanded per DEQ's approval); 
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~ Completion of lagoon filling and other site reclamation activities by 2026; 

and 

~ Requiring a final lagoon bottom elevation averaging -20 feet (RI Datum). 

The permit also established interim goals for completing in-water reclamation 

filling northward to various points by 2015 and 2020. Requirements were set 

forth for expanding or relocating buffer protection zones, should new American 

Bald Eagle or Great Blue Heron nesting areas appear. The permit indicates that 

RIS&G may revise the existing site reclamation plan. The current permit 

conditions are potentially subject to modification based on reclamation plan 

revisions. 

Other provisions are generally consistent with previous site operational permits 

through DSL, Corps, and the City of Portland. In addition, review and approval 

of a Corps dredge and fill permit application for the site are currently pending. 

During the April 7, 2000, meeting, RIS&G indicated that in-water reclamation at 

the south end of the lagoon was essentially complete to the required -20 feet 

elevation level. No additional in-water filling is planned in the south end, except 

for creating a shoreline/beach fill wedge that tapers into the water at a shallow 

angle of about 3H:1 V to 6H:1 V, in accordance with permit requirements. This 

fill wedge will extend over part of Cell 1, but none of the other containment 

cells. No in-water filling has recently occurred. When filling recommences, 

RIS&G indicates that priority will be given to steep slope areas near the Cell 5 

breach where stability concerns have been identified (April 7, 2000, meeting 

with Landau and Hart Crowser). 
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Table 3-1 - Port of Portland Dredged Material: Ross Island lagoon In-Water Disposal Summary 

"'" 4 UNSUITABLE FOR UNCONFINED IN-WATER DISPOSAL 

~ 
Dredge Area/ PSY PSY Terminal 4 PSY 
Source of Material Dry Dock 1 Dry Dock 4 Slip 3 Dry Dock 3 

Year Project Start 1992 1994 1994 

Duration of Dredging 12/19/92 11/29/92 to 12/18/94 to 11/23/94 to 
and Disposal to 12/21/92 12/14/1992 1/6/199S 12/7 /94 (6) 

Dredged Material Placement Split-Hull Bottom Split-Hull Bottom Split-Hull Bottom 
Method Dump Barge (8) Dump Barge (8) Dump Barge (8) 

Disposal Location Cell S Cell S Cells 1 and 2 Cell 1 

Elevation of Disposal approximately -100 Cell 1: -50 (13) -SO 
Site in Feet (WRD) (14) Cell 2: -68 

Volume of Material 16,832 (9) 78,3S2 (9) 3S,OOO (9) 21,000 (9) 

Deposited in CY111 

Type of Cap Material Processed dredged material from Processed dredged material from Processed dredged material from 
Ross Island rock crushing settling pond Ross Island rock crushing settling Ross Island rock crushing settling 

pond pond 

Volume of Cap in CY 60,5SO 11,S27 (17) 

Cap Material Placement Hydraulic Dredge with Hydraulic Dredge with Hydraulic Dredge with 
Method Submerged Spoon (8) Submerged Spoon (8) Submerged Diffuser (8) .... 

... ,,<ness of Cap in Feet 2 to 10 + Minimum 1 (10) Minimum 1 (10) 

Permits Obtained 

Nationwide Permit No. 38, 
Corps 92-478 92-478 (app. no.) 94-00549 94-619 
DSL 6831 6831 8820 88S6 
DEQ SA/401 Cert-478 SA/401 Cert-478 (2) (3) 

Sediment Chemistry Yes Yes Yes Yes 

Sediment Bioassays No(8) Yes Yes No (8) 

Water Quality Monitoring 
Dredging Yes Yes Yes Yes 
Disposal Yes Yes Yes Yes 

Surveys 
Pre-Fill Yes Yes Yes Yes 
Post-Fill Yes Yes Yes Yes 
Post-Cap Yes Yes Yes Yes 

Notes: 
(1) Volumes based on Ross Island disposal rates and billed disposal costs. 

(2) Water quality monitoring coordinated under a Nationwide Permit, "Dredge & Disposal Monitoring Plan• reviewed by DEQ (133). 

(3) DEQ letter dated 10/14/94. 

(4) DEQ letter to Port of Portland 10/20/97. 

(5) This cell capped subsequent to placement of Berth 410/411 material (in 1998). 

(6) Source document indicates additional dredging and disposal may have taken place between approximately 12/12/94 and 12/15/94. 
(7) Completion date based on date of post-fill hydrographic survey. 

{' Based on data provided by the Port and confirmed by RIS&G during April 7, 2000, meeting. 

\__ Volumes based on Pay Quantity, presumed to be most accurate measure. 
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Terminal 2 
Berths 204, 205, 206 

1996 

1/8/96 to 
1/29/96 (7) 

Flatdeck Barge 
Front end Loader Transfer 

to Tremie Hopper (8) 

Cell 3 

approx. -49 

3,178 (9)(a) 

Not Applicable(S) 

Not Applicable(S) 

Not Applicable(5) 

Not Applicable(S) 

8760 
R-2080 

Yes 

No (8) 

Yes (16) 
Yes (16) 

Yes 
Yes 
(5) 

SUITABLE FOR UNCONFINED IN-WATER DISPOSAL 
Terminal S 

Terminal 4 Terminal 4 S02-New Terminal 6 Terminal 4 Terminal 5 
Berths 410/411 401-Grain Construction Berths 603, 604, 60S Berth 408 Berth S03-New 

1998 1987 1989 1993 1994 1995 

1/S/98 to 9/14/87 to Aug. to Sept. August to October 1/24/1994 to September 
1/1 S/98 (7) 9/17 /87 1989 1993 1/26/1994 1995 

Flatdeck Barge Flatdeck Barge Flatdeck Barge (8) Flatdeck Barge (8) Flatdeck Barge (8) 
Clamshell Transfer Barge (8) 

to Tremie Hopper (8) 

In-water, location In-water, location not In-water, location not In-water, Location In-water, location not 
Cells 3 and 4 not Specified Specified Specified not Specified Specified 

Elevation Not Elevation Not Elevation Not 
Cell 3: -38 Available Elevation Not Available Elevation Not Available Available Available 
Cell 4: -S3 

S,454 (9) 2,000 S,437 26,073 approx. 2,300 approx. 5,000 

28,622 (11) 

Processed dredged material from Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable 
Ross Island rock crushing settling 

pond 

13322 (15) Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable 

Clamshell (8) Not Applicable Not Applicable Not Applicable Not Applicable Not Applicable 

Minimum 1 (10) Not Applicable Not Applicab!e Not Applicable Not Applicable Not Applicable 

93-SSO, 
8760 07-0YA-1-004210 071-0Y A-2-008531 #071-0YA-2-006303 (6) 071-0YA-008760 071-0Y A-008760 

R-2080 RP 26, 2080, 3891 3891, RF-5315 7391 R-2080 R-2080 
(4) Yes (18) 

Yes Yes (12) Yes Yes Yes Yes 

No (8) Not Performed. Not Performed. Not Performed. Not Performed. Not Performed. 

(16) Yes (16) Yes (16) Yes (16) Yes (16) Yes (16) 
(16) Yes (16) Yes (16) Yes (16) Yes (16) Yes (16) 

Yes No Available Inf. No Available Inf. No Available Inf. No Available Inf. No Available Inf. 
Yes No Available Inf. No Available Inf. No Available Inf. No Available Inf. No Available Inf. 
Yes Not Performed. Not Performed. Not Performed. Not Performed. Not Performed. 

(10) Based on DEQ/EPA Requirement 

(11) 26,073 CY based on pre- and post-dredge hydrographic surveys, 28,622 CY based on barge displacement calculations. 
(12) Sediment chemistry data available from 1982, composite of material from Terminal 4 including Berth 401. 

( 13) Based on elevation before disposal of Dry Dock 3 dredged sediment 

(14) Based on examination of hydrographic surveys. 

(15) As per personal communication with Port of Portland. 

(16) Visual, qualitative monitoring for turbidity completed in accordance with permit requirements. 

(17) Capped following disposal of Terminal 4, Slip 3, dredged sediments. 

(18) Section 401 Certification. 
(a) Additional 15,500 CY from dredging disposed of at unidentified upland site(s). 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Dry Dock 1, Pre-Dredge 1992 Dry Dock 4, Pre-Dredge 1992 
Concentration in mg/kg N Min Max Median* N Min Max Median* 

Tributyltin (TBT) as Sn 6 2.08 8.85 4.79 9 7.81 44.90 20.50 

Aroclor 1254 6 0.02 u 17 0.855 9 0.1 u 0.9 u (1) 
Aroclor 1260 6 0.01 u 0.02 u (1) 9 0.1 u 0.9 u (1) 
Total PCBs 6 ND 17 NA 9 ND ND NA 

Antimony 6 0.24 5.35 1.37 9 0.4 u 1.8 0.8 
Arsenic 6 10.5 256 41.0 9 8.0 104 30 
Cadmium 6 0.38 3.02 1.01 9 0.4 1.3 0.6 
Chromium 6 68.0 319 157 9 20 37 31 
Copper 6 1,070 2,790 1,435 9 145 1,500 820 
Lead 6 152 571 362 9 36 184 75 
Mercury 6 0.17 0.83 0.23 9 0.08 0.11 0.08 
Nickel 6 33.1 103 63.4 9 23 32 26 
Silver 6 0.45 1.10 0.66 9 0.4 1.0 0.6 
Zinc 6 304 4,180 1280 9 185 1,980 978 

Acenaphthene 6 1.2 u 6.7 u (1) 9 0.2 u 2.2 0.43 
Anthracene 6 2.7 13 5.4 9 0.19 2.9 0.76 
Benzo(a)anthracene 6 3.3 9.2 4.8 9 0.47 4 1 
Benzo(a)pyrene 6 3.3 7.8 4.05 9 0.39 3.5 1 
Benzo(b)fluoranthene NA NA NA NA NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA NA NA NA NA 
Benzo(b,k)fluoranthenes 6 6.3 15 9.4 NA NA NA NA 
Benzo(g,h,l)perylene 6 1.9 5.7 2.8 9 0.18 2 u 0.6 
Chrysene 6 4 11 7.2 9 0.26 3.2 0.82 
Dibenz(a,h)anthracene 6 1.2 u 6.7 u (1) 9 0.2 u 2 u (1) 
Dibenzofuran 6 1.2 u 6.7 u (1) 9 0.2 u 2 u 0.33 
Fluoranthene 6 9.9 32 18.5 9 1.4 14 2.3 
Fluorene 6 1.2 6.7 u 1.6 9 0.2 u 2.4 0.6 
I ndeno( 1,2,3-cd)pyrene 6 2.8 6.9 3.525 9 0.29 1.9 0.88 
2-Methylnaphthalene 6 1.2 u 6.7 u (1) 9 0.2 u 2 u 0.27 
Naphthalene 6 1.2 u 6.7 u (1) 9 0.2 u 2 u 0.37 
Phenanthrene 6 8.2 26 14.5 9 0.8 13 1.5 
Pyrene 6 8.6 26 15 9 1 10 1.9 

Bis( 2-ethylhexyl )phthalate 6 7 23 13 9 2.2 8.1 3.2 
B utylbenzyl phthal ate 6 0.3 u 5 0.5 9 0.2 u 2U (1) 
Di-n-butyl phthalate 6 0.3 u 0.5 0.3 9 0.23 3.4 1 
Di-n-octylphthalate 6 0.3 u 0.4 0.3 9 0.2 u 2 u (1) 

4,4'-DDD 6 0.005 u 1 u (1) 9 0.01 u 0.09 u (1) 
4,4'-DDE 6 0.005 u 1 u (1) 9 0.01 u 0.09 u (1) 
4,4'-DDT 6 0.005 u 1 u (1) 9 0.01 u 0.09 u (1) 
Total DDT 6 ND ND NA 9 ND ND NA 

2-Methylphenol 6 1.2 u 6.7 u (1) 9 0.2 u 2 u (1) 
4-Methylphenol 6 1.2 u 6.7 u (1) 9 0.2 u 2 u (1) 

Hexachlorobenzene NA NA NA NA NA NA NA NA 
Hexachlorobutadiene NA NA NA NA NA NA NA NA 
Hexachloroethane NA NA NA NA NA NA NA NA 

Ethyl benzene 6 0.02 u 0.088 0.0385 9 0.005 u 0.374 0.033 
Total xylenes 6 0.041 0.45 0.155 9 0.005 u 2.57 0.434 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Terminal 4, Slip 3 1994 Dry Dock 3, PreDredge 
Concentration in mg/kg N Min Max Median* N Min Max 

Tributyltin (TBT) as Sn NA NA NA NA 6 15 110 

Aroclor 1254 14 0.1 u 4 0.05 6 0.2 u 3 
Aroclor 1260 14 0.1 u 2.5 0.05 6 0.06 u 2 
Total PCBs 14 ND 5.6 NA 6 ND 4 

Antimony 27 10 u 25 5 6 2.32 11.5 
Arsenic 27 1.0 60 11 6 19.9 108 
Cadmium 27 1 u 46 1.0 6 0.45 1.91 
Chromium 27 14 58 40 6 45 91 
Copper 27 16 398 94 6 1,550 5,340 
Lead 27 20 u 11,200 510 6 147 425 
Mercury 27 0.2 u 1.1 0.1 6 0.03 1.29 
Nickel 27 16 60 31 6 20.6 32.7 
Silver 27 2 u 13 1.0 6 0.65 1.74 
Zinc 27 so 8,990 601 6 954 6,490 

Acenaphthene 27 0.02 u 180 0.5 6 0.74 3.8 
Anthracene 27 0.02 u 140 0.5 6 0.49 4.6 
Benzo(a)anthracene 27 0.02 u 110 1.2 6 1.1 6.6 
Benzo(a)pyrene 27 0.02 u 160 1.8 6 0.82 5.2 
Benzo(b)fluoranthene NA NA NA NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA NA NA NA 
Benzo(b,k)fluoranthenes 27 0.02 u 250 4.4 6 1.8 10 
Benzo(g,h,l)perylene 27 0.02 u 120 1.9 6 0.5 u 0.57 
Chrysene 27 0.02 u 130 1.5 6 1.3 6.5 
Dibenz(a,h)anthracene 27 0.02 u 12 0.5 6 0.5 u 1 
Dibenzofuran 27 0.02 u 10 0.5 6 0.5 u 2.9 
Fluoranthene 27 0.02 u 430 5.3 6 3 19 
Fluorene 27 0.02 u 84 0.5 6 0.55 4.4 
lndeno( 1,2,3-cd)pyrene 27 0.02 u 140 1.8 6 0.58 3.1 
2-Methylnaphthalene 27 0.02 u 6.1 0.5 6 0.5 u 1.9 
Naphthalene 27 0.02 u 26 0.5 6 0.5 u 1.9 
Phenanthrene 27 0.02 u 740 3.7 6 3.1 22 
Pyrene 27 0.02 u 520 5.1 6 2.4 15 

Bis(2-ethylhexyl)phthalate 27 0.02 u 0.037 0.5 6 1.7 9.2 
Butylbenzylphthalate 27 0.02 u 2 u (1) 6 0.5 u 0.5 u 
Di-n-butylphthalate 27 0.02 u 2 u (1) 6 0.5 u 2.3 
Di-n-octylphthalate 27 0.02 u 2 u (1) 6 0.5 u 0.5 u 
4,4'-DDD 14 0.01 u 0.05 0.025 6 0.002 u 0.009 u 
4,4'-DDE 14 0.01 u 0.01 u (1) 6 0.001 u 0.020 u 
4,4'-DDT 14 0.01 u 0.01 0.005 6 0.001 u 0.040 u 
Total DDT 14 ND 0.06 NA 6 ND ND 

2-Methylphenol 27 0.02 u 2 u (1) 6 0.5 u 0.5 u 
4-Methyl phenol 27 0.02 u 0.053 0.1 6 0.5 u 0.5 u 
Hexachlorobenzene NA NA NA NA NA NA NA 
Hexachlorobutadiene NA NA NA NA NA NA NA 
Hexachloroethane NA NA NA NA NA NA NA 

Ethyl benzene NA NA NA NA NA NA NA 
Total xylenes NA NA NA NA NA NA NA 
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0.6 
0.175 
ND 
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0.88 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Terminal 2 Terminal 4, Berth 410/ 41 1 

Concentration in mg/kg N Min Max Median* N Min Max Median* 

Tributyltin (TBT) as Sn 7 0.016 0.204 0.03 NA NA NA NA 

Aroclor 1254 7 0.01 u 0.02 u (1) 3 0.0395 0.0984 0.06895 
Aroclor 1260 7 0.01 u 0.02 u (1) 3 0.05 u 0.05 u (1) 

Total PCBs 7 ND ND NA 3 0.0395 0.0984 NA 

Antimony NA NA NA NA NA NA NA NA 
Arsenic 7 2.6 2.8 2.6 3 4.76 7.2 4.78 
Cadmium 7 0.15 0.19 0.17 3 1.12 1.65 1.23 
Chromium NA NA NA NA NA NA NA NA 
Copper 7 28.8 31.9 30.7 3 31.9 38.4 33.7 
Lead 7 13.1 17.3 15.1 3 35.5 167 41.7 
Mercury 7 0.05 0.09 0.06 3 0.05 u 0.05 u ( 1) 
Nickel 7 15.1 19.3 16.2 3 18 20.3 18.1 
Silver 7 0.23 0.4 0.29 3 0.05 u 0.5 u (1) 
Zinc 7 69.0 87.4 74.5 3 119 236 130 

Acenaphthene 7 0.03 u om u (1) 3 0.138 0.372 0.266 
Anthracene 7 0.005 0.12 0.008 3 0.135 0.429 0.273 
Benzo(a)anthracene 7 0.02 0.07 0.04 3 0.71 2.6 1.56 
Benzo(a)pyrene 7 0.06 u 0.2 u (1) 3 0.747 2.81 1.63 
Benzo(b)fluoranthene 7 0.05 0.1 0.06 3 0.67 2.51 1.41 
Benzo(k)fluoranthene 7 0.02 0.03 0.02 3 0.509 1.86 0.871 
Benzo(b,k)fluoranthenes NA NA NA NA NA NA NA NA 
Benzo(g,h,l)perylene 7 0.04 0.08 0.06 3 0.511 1.98 1.09 
Chrysene 7 0.07 0.17 0.08 3 0.714 2.52 1.5 
Dibenz(a,h)anthracene 7 0.01 u 0.02 u (1) 3 0.161 0.583 0.395 
Dibenzofuran NA NA NA NA 3 0.0371 0.079 0.0541 
Fluoranthene 7 0.06 0.2 0.09 3 1.32 5.23 3.03 
Fluorene 7 0.005 u 0.02 0.01 3 0.0766 0.177 0.116 
lndeno( 1,2,3-cd)pyrene 7 0.04 0.06 0.05 3 0.47 1.76 1.03 
2-Methylnaphthalene NA NA NA NA 3 0.0278 0.047 0.0286 
Naphthalene 7 0.05 u 0.05 u (1) 3 0.0374 0.0651 0.0428 
Phenanthrene 7 0.04 0.12 0.08 3 0.546 1.98 0.883 
Pyrene 7 0.08 0.19 0.11 3 0.653 2.44 1.45 

Bis(2-ethylhexyl)phthalate NA NA NA NA 3 0.863 2.04 0.877 
Butylbenzylphthalate NA NA NA NA 3 0.2 u 0.2 u (1) 
Di-n-butylphthalate NA NA NA NA 3 0.2 u 0.2 u ( 1) 
Di-n-octylphthalate NA NA NA NA 3 0.2 u 2 u (1) 

4,4'-DDD 7 0.002 u 0.002 u ( 1) 3 0.005 u 0.005 u ( 1) 
4,4'-DDE 7 0.002 u 0.002 u (1) 3 0.005 u 0.005 u (1) 
4,4'-DDT 7 0.002 u 0.002 u (1) 3 0.005 u 0.011 0.003 
Total DDT 7 ND ND NA 3 ND 0.011 NA 

2-Methylphenol NA NA NA NA 3 0.04 u 0.04 u (1) 
4-Methylphenol NA NA NA NA 3 0.04 u 0.04 u (1) 

Hexachlorobenzene NA NA NA NA 3 0.026 u 0.026 u ( 1) 
Hexachlorobutadiene NA NA NA NA 3 0.026 u 0.026 u (1) 
H exachloroethane NA NA NA NA 3 0.05 u 0.05 u (1) 

Ethylbenzene NA NA NA NA NA NA NA NA 
Total xylenes NA NA NA NA NA NA NA NA 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Terminal 4, Berth 40B Terminal 4, Berth 401/414/416 (2) 

Concentration in mg/kg N Min Max Median* N Min Max Median* 

Tributyltin (TBT) as Sn 3 0.17 0.57 0.38 NA 

Aroclor 1254 3 0.09 0.13 0.12 NA 

Aroclor 1260 3 0.06 0.09 0.09 NA 

Total PCBs 3 1.8 2.2 NA NA 

Antimony 3 0.04 0.1 0.06 NA 

Arsenic 3 4.1 6.5 4.5 1 7.61 
Cadmium 3 0.53 1.56 0.93 1 0.6 
Chromium 3 27 39 33 1 10.6 
Copper 3 44 62 53 1 29.4 
lead 3 55.3 147 105 1 22.2 
Mercury 3 0.1 0.21 0.13 1 0.045 
Nickel 3 14.2 21.5 20.7 1 16.8 
Silver 3 0.49 0.69 0.61 1 0.33 
Zinc 3 163 416 317 1 103 

Acenaphthene 3 0.2 u 0.57 0.1 NA 
Anthracene 3 0.2 u 0.47 0.1 NA 
Benzo(a)anthracene 3 0.64 3.2 0.75 NA 
Benzo(a)pyrene 3 0.62 3.4 0.75 NA 
Benzo(b)fluoranthene NA NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA NA 
Benzo(b,k)fluoranthenes 3 1.5 8.1 1.6 NA 
Benzo(g,h,l)perylene 3 0.31 1.9 0.35 NA 
Chrysene 3 0.68 3 0.68 NA 
Dibenz(a,h)anthracene 3 0.2 u 0.42 0.1 NA 
Dibenzofuran 3 0.2 u 0.4 u (1) NA 
Fluoranthene 3 1.1 5 1.2 NA 
Fluorene 3 0.2 u 0.4 u ( 1) NA 
lndeno( 1,2,3-cd)pyrene 3 0.66 4 0.79 NA 
2-Methylnaphthalene 3 0.2 u 0.4 u (1) NA 
Naphthalene 3 0.2 u 0.4 u (1) NA 
Phenanthrene 3 0.66 2.5 0.69 NA 
Pyrene 3 1.1 4.6 1.1 NA 

Bis(2-ethylhexyl)phthalate 3 0.34 0.68 0.5 NA 
Butylbenzylphthalate 3 0.2 u 0.4 u (1) NA 
Di-n-butylphthalate 3 0.2 u 0.4 u (1) NA 
Di-n-octylphthalate 3 0.2 u 0.4 u (1) NA 

4,4'-DDD 3 6 u 9 u (1) 1 0.005 u 
4,4'-DDE 3 10 u 30 u (1) 1 0.004 u 
4,4'-DDT 3 7U 8 u (1) 1 0.003 u 
Total DDT 3 ND ND NA 1 0.005 u 
2-Methylphenol 3 0.02 u 0.02 u (1) NA 
4-Methylphenol 3 0.02 u 0.02 u (1) NA 

Hexachlorobenzene NA NA NA NA NA 
Hexachlorobutadiene NA NA NA NA NA 
Hexachloroethane NA NA NA NA NA 

Ethylbenzene 3 0.01 u 0.01 u (1) NA 
Total xylenes 3 0.01 u 0.035 0.005 NA 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Terminal 5, Berth 503 Terminal 5, Berth 502 

Concentration in mg/kg N Min Max Median* N Min Max 

Tributyltin (TBT) as Sn 4 0.033 0.057 0.0465 NA NA NA 

Aroclor 1254 4 0.01 u 0.02 u (1) NA NA NA 

Aroclor 1260 4 0.01 u 0.02 u (1) NA NA NA 

Total PCBs 4 ND ND NA NA NA NA 

Antimony NA NA NA NA 2 30 30 

Arsenic 4 2.2 2.7 2.45 2 1.5 2.6 

Cadmium 4 0.59 0.65 0.635 2 0.6 0.7 

Chromium NA NA NA NA 2 9.6 11 

Copper 4 21.9 28.1 24.1 2 11.2 12.5 

Lead 4 17.5 27 20.15 2 8.7 9.6 

Mercury 4 0.08 0.11 0.085 2 0.05 0.05 

Nickel 4 13.5 15.3 14.3 2 13.4 14.4 

Silver 4 0.16 0.21 0.185 2 0.3 0.4 

Zinc 4 96.3 102 100.2 2 77 130 

Acenaphthene 4 0.02 u 0.03 u (1) 2 2U 2 u 
Anthracene 4 0.01 0.02 0.015 2 2 u 2 u 
Benzo(a)anthracene 4 0.04 0.06 0.055 2 2 u 2U 

Benzo(a)pyrene 4 0.08 0.09 0.085 2 2U 2 u 
Benzo(b)fluoranthene 4 0.09 0.15 0.115 2 2 u 2 u 
Benzo(k)fluoranthene 4 0.02 0.03 0.025 2 2U 2 u 
Benzo(b,k)fluoranthenes NA NA NA NA 2 2 u 2 u 
Benzo(g,h,l)perylene 4 0.07 0.09 0.08 2 2 u 2 u 
Chrysene 4 0.07 0.09 0.08 2 2 u 2 u 
Dibenz( a,h )anthracene 4 0.004 u 0.009 u (1) 2 2U 2 u 
Dibenzofuran NA NA NA NA 2 2 u 2 u 
Fluoranthene 4 0.08 0.13 0.105 2 2 u 2 u 
Fluorene 4 O.D3 U 0.07 u (1) 2 2U 2 u 
lndeno( 1,2,3-cd)pyrene 4 0.06 0.08 0.07 2 2 u 2 u 
2-Methylnaphthalene NA NA NA NA 2 2 u 2U 
Naphthalene 4 0.02 u 30 0.0125 2 2 u 2 u 
Phenanthrene 4 0.08 0.15 0.09 2 2 u 2 u 
Pyrene 4 0.12 0.18 0.135 2 2 u 2 u 
Bis(2-ethylhexyl)phthalate NA NA NA NA 2 2 u 2 u 
Butylbenzylphthalate 6 NA NA NA 2 2 u 2 u 
Di-n-butylphthalate 6 NA NA NA 2 2 u 2 u 
Di-n-octylphthalate 6 NA NA NA 2 2 u 2U 

4,4'-DDD 4 0.002 u 0.002 u (1) NA NA NA 
4,4'-DDE 4 0.002 u 0.002 u (1) NA NA NA 
4,4'-DDT 4 0.002 u 0.002 u (1) NA NA NA 

Total DDT 4 ND ND NA NA NA NA 

2-Methylpheno! NA NA NA NA NA NA NA 

4-Methylphenol NA NA NA NA NA NA NA 

Hexachlorobenzene NA NA NA NA 2 2 u 2 u 
Hexachlorobutadiene NA NA NA NA 2 2 u 2 u 
Hexachloroethane NA NA NA NA 2 2U 2 u 
Ethylbenzene NA NA NA NA NA NA NA 

Total xylenes NA NA NA NA NA NA NA 
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Table 3-2 - Concentration Range of Chemical Constituents in Port of Portland Dredged Material 
Disposed of at Ross Island (Pre-Dredged Samples) 

Constituent Terminal 6 

Concentration in mg/kg N Min Max Median* 

Tributyltin (TBT) as Sn NA NA NA NA 

Aroclor 1254 6 0.02 u 0.02 u (1) 

Aroclor 1260 6 0.02 u 0.02 u (1) 

Total PCBs 6 ND ND NA 

Antimony 6 0.05 0.08 0.06 

Arsenic 6 2.1 2.8 2.55 

Cadmium 6 0.59 0.87 0.8 

Chromium 6 15 20 17.5 

Copper 6 18 34 22 

Lead 6 10.1 15.6 12.95 

Mercury 6 0.06 0.09 0.07 

Nickel 6 11.9 15.8 12.7 

Silver 6 0.11 0.18 0.13 

Zinc 6 83 132 120 

Acenaphthene 6 0.02 u 0.04 0.01 
Anthracene 6 0.02 u 0.024 0.01 

Benzo(a)anthracene 6 0.026 0.068 0.0385 

Benzo(a)pyrene 6 0.023 0.05 0.0385 
Benzo(b)fluoranthene NA NA NA NA 
Benzo(k)fluoranthene NA NA NA NA 

Benzo(b,k)fluoranthenes 6 0.06 0.15 0.091 
Benzo(g,h,l)perylene 6 0.02 u 0.022 0.021 
Chrysene 6 0.043 0.12 0.0625 
Dibenz(a,h)anthracene 6 0.02 u 0.02 u (1) 
Dibenzofuran 6 0.02 u 0.02 u (1) 
Fluoranthene 6 0.064 0.13 0.075 
Fluorene 6 0.02 u 0.023 0.01 
lndeno( 1,2,3-cd)pyrene 6 0.02 u 0.028 0.0245 
2-Methylnaphthalene 6 0.02 u 0.02 u (1) 
Naphthalene 6 0.02 u 0.02 u (1) 
Phenanthrene 6 0.051 0.098 0.067 
Pyrene 6 0.051 0.1 0.064 

Bis(2-ethylhexyl)phthalate 6 0.22 0.35 0.295 
Butylbenzylphthalate 6 0.054 0.11 0.071 
Di-n-butylphthalate 6 0.089 0.12 0.0985 
Di-n-octylphthalate 6 0.02 u 0.02 u (1) 

4,4'-DDD 6 0.002 u 0.002 0.0015 
4,4'-DDE 6 0.002 u 0.002 0.0015 
4,4'-DDT 6 0.002 u 0.002 0.0015 
Total DDT 6 ND 0.006 NA 

2-Methyl phenol 6 0.02 u 0.02 u (1) 
4-Methylphenol 6 0.02 u 0.02 u (1) 

H exachlorobenzene NA NA NA NA 
Hexachlorobutadiene NA NA NA NA 
Hexachloroethane NA NA NA NA 

Ethylbenzene 6 0.005 u 0.005 u (1) 
Total xylenes 6 0.005 u 0.014 0.0025 
* For data sets including non-detected concentrations, median values were calculated 

using 1 /2 the non-detect values. 

NA - Not Analyzed N - Number of Analyses 

U - Indicates constituent concentration below analytical detection limit. 

( 1) Values are non-detected. 

(2) This sample is a composite of one core each from the three berths and was analyzed in 1982. 

(3) Data excerpted from Hart Crowser (1999a) 
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1998 Spill Capping and Cell 5 Capping Detail Map 

~\ 
.,._ - --.:···· 

--~J . . :::;~-1---~~:::_~i -:__.-.. : 
-·= ==-----.;~.-

/ -=-- ·~::._....=--::-: -, --·-
- /· .... -- . . 

- or_: __ _ 
.. ·_:_:;..:_~-- i /'·::.. _- '- ,· -:"·· - - - L \ --=:=-, '...:.(;~ 

:· -·=__,--~:-;-:--~~__, ... _ ~--~-~ \ .!'F·:<.!. ~ - ~-- \-.... ·-= '- . 
. -~~ .... ~-.. -27·~---. ''--" ··:--.-___, ' ··- .. ~- - ::._;;_-

-=--:_. - - ~~-- - - -

. ;._----~ 
- -=--- · --··---·-.; 

I -
-- I 

-- 
·.c:...-,,· 

---7_·_-f-..:.,.. 
' .---.,._-,;. 

_,-
-:- __ og--

l ;JI 

"-..:. ... : ·· ..• ;~ .. ,\ \ 

,,;?1~1~).·:::~~~;;;~', --- --~--f'i·: .. ··~' ":,"> 
1 L·~:~·-

....... ___ - - i, I/. ,' 
::.-·-=-:.·~~- ': 

""' I 

. I 
I ; 

'-. ' 

I' 

--_, ll 13? 
-. 'c:- -- , ·-~"" ;'.if I 
~' . 

l 

06' 
\ 

. ~'-- - r· 
... - \ ::- . . ' ' 

)\p.pro~iniate 1998 
, ·. - I :·-··· -- ·.::-_:, -. ---l- - ·· . C<, Breac1· ·A·rea 0o0_,..; '·-

19~9 Breach R8capi)iiig _;re~-... d 
(Approximate Wher~. _ Da~l!_ed) ~ 

! 0 - I c;. 
0 \ 

------o,,,_ ~- 1 1 - , , 
I ---,- - ----- ,, 

06-
1 

I' ' 
' I -· J 

I~ 0 I ! /2 
' I 

--- - -- ~- - -' 

---:::·· 1 '•-., 

-
-

-=--= ~-·-=-.,,.=::·-

--~- . ~ -.... ::~;J.· ~-

"'.'-_..,. __ 

""-:-""'.; ;,::_ - - --- -

.:::....::.:-

~?:' ~(_ -
' I 

oL- ----c __ 

- ·o :», 

, : ,~ I 
I ·- -
I 

- -~'-
. .. - ··_ .. ,_ I . 

·--.... 

0 
0 

---

- ... __ 

1 ------

___ .,,. __ _ 

I 
'I 

0 
m 
I 

·-- ----
_-... 'i: 

-----i ,i :·: ,-
I 
- '' 0 I\ ' 
0 ' ... 

1998. $.pi111 I . 

Capping Area ·, (4' ;;- · 
·---~~-~~ -~ 

~-- ''' 
I 

I ' I 
c"' . 

........ ~II 
''-I , 

' 'i 

I: 

/ 
t -
~ 1 --- / '+ ---- ,----- - ~ 

il ( - I 

''\ { ··-

~, ) 1993 -Cell 5 
··capping Area 
I .. -

~ . 

------ - -10--- -· 

Cell 1 ~) 

Notes: 

Port of Portland Confined Disposal 
Cell Location and Number 

1) Topography/bathymetry data based on 
electronic file provided by Minister-Glaeser 
Survey, Inc. dated September 14, 1999. Vertical 
reference datum is Ross Island Tide Board. 

2) Approximate extent of Cell 5 boundary 
based on Cochran October 1992 pre-disposal 
bathymetry map, and Cochran March 1993 
post-disposal / capping bathymetry map. Cell 5 
includes Port and non - Port material. 

3) 1999 Cell 5 Breach recapping based on 
data from July 1999 Landau Breach Repair 
Completion Report. 

4) 1998 Spill Area based on Minister-Glaeser 
January 1998 "Ross Island Pre- and Post-Fill 
lsopach Map". Spill capping area based on 
Minist er- Glaeser May 1998 Post- Capping 
lsopach Map. 

--~ N ____..,__..... 

0 200 400 

Scale in Feet 

.. .. 
111.tRTCROWSER 
J-5792-07 
Figure 3-1 

11100 

L WG-PCI0090385 



Confined Aquatic Disposal Methods 

Split-Hull Barge 

Water Surface 

Bottom Oum~ 
Door Mechanism 

/

onvective Descent of 
Particulates through 

Water Column 

Accumulated 
Disposal ! Material 

Bottom Surface Mudline (Pre-Disposal) 

Not to Scale 

Hopper Barge 

Disposal Material Fed to Hopper 

he/ 11173/00 579207M. cdr 

LWG-PCI0090386 



Types of Confined Aquatic Disposal (CAD) Sites 

CAD Cell 

Ross Island Lagoon 

Le~1el Bettmn 
Capping 

SZ Lagoon Water Surface 

(Hess Island Lageon Centainment Cells} Confined Drndge Mated~I 

Note: 

Confined Dredge Material 

Bottom Surface Mudline (Pre-Disposal) 

Natural or Excavated Depression 

Not to Scale 

Additional post-disposal fill may be placed over 
cap in some cases (e.g., Ross Island Lagoon) . 

eap 

Containment Berm 

hel 11 /13/00 579207L.cdr 

LWG-PCI0090387 



4.0 FIELD INVESTIGATION OVERVIEW 

Hart Crowser 
J-5792-07 

During preparation of the Final Work Plan for the Port's investigation (Hart 

Crowser, 1999a), uncertainties and data gaps were identified in the preliminary 

conceptual site model. Data needs were identified and an extensive field 

sampling and laboratory testing program was developed to obtain key 

information. The program for field and laboratory testing was then further 

refined as a result of review by the TAP and DEQ, as reflected in the work plan 

Addendum (Hart Crowser, 1999b). An overview of the process for data 

acquisition and the relation to elements of the Work Plan is illustrated on Figure 

1-2. 

Field and laboratory data collected during the Port's site investigation 

characterize the physical conditions, ecological setting, and human uses at Ross 

Island. The field program provided groundwater, surface water, and sediment 

samples for chemical and biological testing. An overview of the field tasks and 

samples collected is presented below, with results of laboratory analyses and 

other field data presented in subsequent sections of this Site Investigation 

Report. Detailed descriptions of the field activities and sampling methods are 

presented in Appendix B. All field tasks were successfully completed as planned, 

with the Port and RIS&G sharing project data jointly for several tasks as 

summarized in Section 2.0. 

Table 4-1 summarizes field investigation tasks for the project, along with the 

dates completed, subcontractors, and related sample collection data. Figure 4-1 

identifies the exploration and sampling locations. The investigation involved 

nearly 2,500 feet of lagoon and upland drilling to observe subsurface conditions 

in 34 soil boring, groundwater well, and piezometer explorations. Selected 

lagoon borings were converted to piezometers, and upland borings were 

converted to groundwater monitoring wells for water quality sampling and 

analysis and evaluation of groundwater flow and gradients. More than 500 

samples of soil and sediment were submitted for geotechnical properties testing, 

with nearly 90 samples of soil, sediment, and groundwater submitted for 

laboratory chemical analyses. 

Field work for the project began in October 1999 and continued into April 

2000. The following chronology summarizes the sequence of data collection 

activities and applicable sections of this Site Investigation Report (unless noted, 

the work was completed by Hart Crowser): 
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Data Collection Activity Approximate Date 

Ecological Survey (Landau) October 1999 

Surface Sediment Sampling November 1999 

Lagoon Drilling, Sampling, and November to 

Piezometer Installation December 1999 

Diver/Auger Probes November to 

December 1999 

Upland Well Installation (Landau) December 1999 

Geophysics Testing December 1999 

Surface Water Sampling December 1999 

Groundwater Sampling December 1999 

(Round 1) and April 

2000 (Round 2 -

piezometers only) 

Flux Chamber Installation and 

Sampling 

November 1999 to 

April 2000 

Report Reference 

Section 9.0 

Section 6.0 

Sections 5.0, 7.0, 

and 8.0 

Section 5.0 

Sections 5.0 and 8.0 

Section 5.0 

Section 8.0 

Section 8.0 

Section 8.0 

Without significant deviation, all planned field samples and testing data were 

collected as planned and described in the Final Work Plan and Addendum. The 

exploration and sampling objectives were achieved, and in some cases more 

drilling footage and samples than originally envisioned were obtained to address 

work scope items. Some minor modifications in the numbers of explorations 

and samples were required as a result of the field conditions encountered during 

the work. Specific items are listed in the Appendix B field methods description. 

In consultation with DEQ, a second round of groundwater samples was 

collected from the lagoon piezometers in April 2000 for the purpose of 

obtaining comparative groundwater quality data. Three flux chamber devices 

were deployed in January and February 2000 to measure groundwater seepage 

into the lagoon above several of the containment cells. Because of slow 

seepage rates, groundwater samples from the flux chambers could not be 

retrieved until April 2000. The Landau land and water use surveys were also 

completed in April 2000. All water and sediment wastes generated from the 
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Ports exploration activities were managed in accordance with applicable 

regulations. 

4.1 Summary Description of Field Activities 

Hart Crowser 
J·5792-07 

The following briefly summarizes the primary field activities. These activities are 

illustrated on schematic diagrams and example photographs at the end of this 

section. 

4. 1. 1 Lagoon Drilling and Piezometer Installation 

Lagoon borings and piezometers were completed at 1 7 locations using a truck

mounted drilling rig staged at the back of a flat-decked barge (Figure 4-2 and 

Photograph 1 ). Drilling depths varied from about 18 to 95 feet below the 

lagoon mudline. 

At each drilling location, hollow-stem auger casing sections were screwed 

together and lowered through the water column to the bottom of the lagoon 

(Photograph 2). During sampling, a cylindrical, stainless steel "split-spoon" 

sampler was fixed to the auger rods and lowered through the hollow auger 

casing to desired depth. Samples were collected by driving rods and sampler 

through the sediment using a 300-pound hammer that was raised up and down 

on a cable from the tower of the drill rig (Figure 4-2 and Photographs 1 and 2). 

Photograph 3 shows a representative sample. Where the sediment was too soft 

to use the split-spoon, other types of sampling devices were used to retrieve 

sufficient sample volume. Photograph 4 illustrates a sampler with square cross 

sectional opening that was used to collect a sample by pushing the device 

downward using the drill rig hydraulic system. The auger casing was then spun 

down to the next sampling depth and the process was repeated. 

Lagoon borings at four of the containment cell locations were completed as 

groundwater piezometers (Figure 4-2). Each piezometer consisted of 2-inch

diameter polyvinyl chloride (PVC) pipe extending from the disposal cell to the 

water surface (Photograph 5). The piezometer casings were stabilized with 

floats and an anchoring system as shown on the figure. The last section of PVC 

pipe in the cell was slotted to allow water to enter the piezometer casing 

(Photograph 6 ). Two additional piezometers (HC-G-068 and HC-G-138) were 

installed in native sands and gravels below containment Cell 3 and Cell 5, 

respectively. Groundwater samples were later collected from each of the 

piezometers (Photograph 7). 

The piezometers were abandoned in May 2000, by backfilling the screen 

sections and casings with bentonite grout and then cutting and capping the 
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casings at the mudline. Abandonment procedures were completed in 

accordance with State of Oregon Department of Water Resource requirements. 

Diver and Auger Rod Probing for Bonneville Rock 

During lagoon exploration, a diving team hand-probed the bottom sediments 

with an 8-foot-long steel rod to search for a layer of Bonneville Rock in the 

lagoon fill. Where the rock layer was too deep to be reached by hand probing, 

the rods from the auger drilling rig were used for probing. A hard "refusal" 

during diver or auger rod probing indicated that rock was present. At two 

locations (borings HC-G04 and HC-G10) it was possible to drill through the 

Bonneville Rock. 

Down-Hole Geophysics Testing 

Geophysics testing was completed near the HC-G13A/13B drilling location in 

Cell 5 to obtain additional information about the physical properties of the 

sediment. The testing procedure consisted of: 

..,.. Attaching a steel cone tip to the end of the auger drill rod section; 

..,.. Lowering the cone tip and rods beyond the end of the extended auger 

casing; and 

..,.. Measuring the penetration resistance as the cone tip was pushed through 

the sediments of the disposal cell. 

As the cone tip and rods were pushed to regular depth intervals, the top of the 

auger rods were struck with a sledge hammer, and the vibrations were recorded 

with a sensor at the cone tip. Physical properties of the sediment were then 

evaluated based on how the vibrations propagated through the fill. 

4.1.2 Upland Drilling and Wei/ Installation 

Borings for nine upland wells were drilled under contract to Landau using a 

percussion-type Becker drilling rig (Figure 4-3 and Photographs 8 and 9). One 

additional boring (HC-G 18) was completed in the dike fill between Ross and 

Hardtack Islands (Figure 4-1 ). Drilling procedures involved driving steel casing 

into the ground with a percussion hammer on the drill rig. A rotary bit was 

attached to the end of the drill rod string and lowered through casing to drill 

through the soil materials, with air circulation used to dear the drill cuttings up 

the casing. When the desired depth interval was reached, soil sampling was 
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accomplished using essentially the same split-spoon method as for hollow-stem 

drilling in the lagoon. 

Wells were completed as clusters of shallow, intermediate, and deep wells at 

each of the three locations identified on Figure 4-1. Shallow wells were 

completed in fill and native sands and gravels within about 30 feet of the ground 

surface. The intermediate wells were completed at depths of about 130 feet in 

native sands and gravels, and the deeper wells were completed at depths of up 

to about 160 feet in deeper sediments of the Troutdale Formation (discussed 

further in the following report section). Well installation procedures were 

analogous to the lagoon piezometers, with permanent concrete surface casings 

installed for each well (Photograph 1 O). 

Upland Geophysics Testing 

Upland geophysics testing was completed at the HC-G18 boring location to 

evaluate physical properties of the dike fill material. Similar to the lagoon 

geophysics testing, a sensor probe was lowered down a PVC casing in the 

boring, and a metal plate at the ground surface was struck with a sledge 

hammer. Testing was completed at regular depth intervals to record how the 

sound vibrations propagated through the soil materials as the sensor probe was 

lowered down the casing. 

4.1.3 Surface Sediment Sampling 

Surface sediment samples were collected at 29 locations in the Ross Island 

Lagoon and adjacent Willamette River and Holgate Slough. Sampling also 

included two upstream background sampling locations, and three reference 

sampling locations downstream of the confluence of the Willamette and 

Columbia Rivers. 

Sampling was accomplished using a dam-shell "power grab" sampler deployed 

from a support vessel (Figure 4-3 and Photograph 11 ). A cable and winch 

system was used to suspend the clam-shell sampler from a support frame at the 

stern of the vessel. To collect a sample, the open clam shell was allowed to free

fall through the water and engaged upon contact with the bottom. Adjustable 

foot-like supports controlled the depth of penetration into the sediments. The 

clam shell was then raised back to the service vessel to retrieve the samples. 

4.1.4 Flux Chamber Seepage Meter Deployment 

Divers deployed three flux chamber devices over Cell 2, Cell 3, and Cell 5 to 

measure groundwater seepage into the lagoon and to collect water samples for 
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chemical analyses. Respective water depths at these locations varied from about 

1 O to 70 feet. As shown on Figure 4-4 and Photograph 12, each flux chamber 

consisted of a funnel apparatus inside a plastic drum housing. Each chamber 

was lowered from the support vessel and positioned on the bottom of the 

lagoon. The funnel was embedded below the mudline, and a Tedlar sample bag 

was fixed to the top of the funnel to collect groundwater seeping upward from 

the cell. 

The flux chamber for Cell 2 was initially deployed in November 1999 as a trial to 

verify the feasibility of the sampling method and to estimate seepage rates. 

Following success of the trial flux chamber, the remaining flux chambers were 

deployed for testing in December 1999. Divers periodically checked the 

volume of water in each flux chamber bag to monitor groundwater seepage 

rates into the lagoon (Photograph 13), and then collected the sample bags for 

chemical analysis of the collected water. The flux chambers were retrieved and 

removed from the site in April 2000 following completion of sampling activities. 

4.1.5 Surface Water Sampling 

Surface water sampling was completed at five lagoon and adjacent river 

locations (Figure 4-1 ). At each location dedicated tubing was lowered to a 

depth of about 10 feet below the water surface. Samples for chemical analysis 

were collected using a 12-volt battery-operated pump. Additional samples were 

collected at depths of about 60 feet at the HC-SW03 and HC-SW04 locations. 

Shallow water at the other locations precluded collection of deeper samples. 

Field monitoring parameters (temperature, dissolved oxygen, turbidity, salinity, 

and pH) were measured at the surface water sampling locations and five other 

locations as listed in Table 5-6. 
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Table 4-1 · Field Investigation Summary Sheet 1 of 2 

Total Drilling Geotechnical Chemical Analysis 

Exploration Number Consultant footage Samples Samples 

Field Exploration Task or Sample ID Dates Completed Oversight Contractor in feet Collected( 1) Collected( 1) 

lagoon Borings HC-G01 through 11/16/99 - 12/23/99 Hart Crowser Holt Drilling 975 291 2(3) 
HC-G17 

lagoon Piezometers HC-G05, HC-G06A, HC-G06B, 11/29/99 - 12/23/99 Hart Crowser Holt Drilling 351 125 16 Discrete(4) and 

HC-G07, HC-G13A, and 6 composite 
HC-G13B 

Diver/ Auger Probes 1 A through 1 G, 11/16/99 - 12/27/99 Hart Crowser Underwater 133 (2P, 48, 4F, 10 None 
2A through 2T, Services and Holt and 4L. All others 
3A through 3E, Drilling probed by divers 
4A through 4L up to 8 feet each). 

Upland Wells MW-01 through MW-03 12/1 /99 - 12/16/99 Landau Layne 988 55 6(5) 
(A, B, and C) Associates Environmental 

Services 
- ------·----- - -- ----------· -···--- -·· -----------·-----. - -- - ----·--------- -··---------- ----- ------- ---------- ----

HC-G 18 Dike Boring 12/10/99 Landau Layne 82 12 None 
Associates Environmental 

Services 
Geophysics Testing Lagoon Piezocone Boring Hart Crowser ConeTec 48 Not Applicable Not Applicable 

HC-P01 -~1_3/14/99 - -- - --------·· ----------- ------------ -----· --··- ---·--·----- --- - - -- ---- - ---------- ·-- ---- ------- --------·--- -------
Upland Boring HC-G18 12/16/99 Hart Crowser GeoRecon 79 Not Applicable Not Applicable 

Surface Sediment HC-SS01 through HC-SS34, 11/16/99 - 11/19/99 Hart Crowser Marine Sampling Not Applicable 38 38 
Sampling HC-REF A, HC-REF B, and Systems 

HC-REF C(2) 
Groundwater Sampling Lagoon Borings HC-GOS, 12/10/99 - 1 /28/00 Hart Crowser Hart Crowser Not Applicable Not Applicable 6 

HC-G06A, HC-G06B, 
HC-G07, HC-G l 3A, and 

_ _ ___ HLG_Ll~------·- -------- ····- -----~---------·------·- - --- ----·--- -------- - ··------------ -- -- ------ -·-·-- - ---- ------
Upland Wells MW-01 through 1 /11 /00 - 1 /1 2/00 Landau Landau Associates Not Applicable Not Applicable 10 

MW-03 Associates 
(A B and Cl 

Flux Chambers FC-01 (Cell 5), FC-02 (Cell 2), 11/18/99 - 4/27/00 Hart Crowser Underwater Not Applicable Not Applicable 3 
and FC-03 (Cell 3) Services 
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Table 4-1 - Field Investigation Summary Sheet 2 of 2 

Total Drilling Geotechnical Chemical Analysis 

Exploration Number Consultant Footage Samples Samples 

Field Exploration Task or Sample ID Dates Completed Oversight Contractor in Feet Collected( 1) Collected( 1) 

Surface Water Sampling HC-SWOl through 12/6/99 - 12/7 /99 Hart Crowser Hart Crowser Not Applicable Not Applicable 8(7) 
HC-SW05 

Ecological Survey Fisheries: Locations 4/7 /99 (ongoing) Landau Beak Consultants Not Applicable Not Applicable Not Applicable 
1 through 10 Associates 

·- - ·-- -

Terrestrial (Wildlife and 10/25/99 - 11/3/99 Landau Landau Associates Not Applicable Not Applicable Not Applicable 
Vegetation): Locations Associates 
WV-1 through WV-15 

·-· ·-- ----·- ·-···-··---------- - --------- --··-·-- ~--------------·~ -- -- -- -

Aquatic Habitat: Locations 10/25/99 -11/3/99 Landau Landau Associates Not Applicable Not Applicable Not Applicable 
A 1 through A 10 Associates 

Notes: 

( 1) Includes Field Duplicates. 
(2) Cobbles and wood debris prevented collecting surface sediment samples HC-SS01, HC-SS21, and HC-SS27. Samples HC-SS100, HC-SS101, HC-SS102, 

and HC-SS 103 were collected as field duplicates. 

(3) Samples submitted for TOC analysis only. Twenty additional subsurface sediment samples from the Lagoon borings were submitted 
for chemical analysis by Landau. 

(4) Fifteen additional subsurface sediment samples from the piezometers were submitted by Landau for chemical analysis. 
(5) Samples submitted for TOC analyses only. Sixteen additional samples from upland wells were submitted for chemical analyses by Landau. 
(6) One additional surface sediment sample was submitted by Landau for bioassay. 
(7) Also includes field parameters measured at each surface water location and five additional locations. 
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Upland Drilling and Monitoring Well Schematic 

Hammer Mechanism 

,, 
ca· 
c: .., 
<ll 

~ 
I 

(..) 

Drilling Air __ 
Circulation 

t.. 
I 

Ol 
....... 
<O 
I\) 
I 

0 
....... 

.... .... 

...... 
0 
0 

Drill Cuttings 
Discharge 

Becker or "Hemmer" Drilling Rig 

Dual Woll Drill Pipe 

Groundwater Tobie 

Split-spoon sampler is 
lowered via drill rods 
through inner drill pipe and 
driven with rig-mounted 
hammer to collect sample 

Non Port Fill 

Native Alluvium 

Troutdale Formatior 

Endcop 

Completed 
Well 

Installation 

Steel Monument 

Surface Seal 

Bentonite 
Grout 

-------- Slatted 
Weil Screen 

Groundwater 

Sand Pack 

"A" Wells 

Not to Scole 

L WG-PCI0090398 



Flux Chamber - Schematic Cross Section 
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Photograph 1 Lagoon Drilling. Hol low-Stem Auger Drilling Rig Staged at End of Flat-Decked Barge 

~ """ --------
Photograph 2 Lagoon Drilling. Drill Rods Being Lowered Down Hollow-Stem Auger Casing .. .. 
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Photograph 3 Lagoon Drilling. Split-Spoon Sampling Device and Sediment Sample 

Photograph 4 Lagoon Drilling. Hart Sampling Device and Sediment Sample 
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Photograph 5 Lagoon Piezometer. PVC Casing Stick-Up, Float Buoy, and Anchor Lines 

Photograph 6 Lagoon Piezometer. Screened Section to Allow Water to Enter Piezometer Casing .. .. 
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Photograph 7 Lagoon Piezometer Sampling. Collecting Groundwater Sample 

Photograph 8 Upland Drilling. Becker Dril li ng Rig for Upland Well Installation 
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Photograph 9 Upland Drilling. Becker Drilling Rig Close-Up 

Photograph 10 Upland Well Installation. Surface Monument Cluster for Shallow, Intermediate, 

and Deep Wells at MW-02 Location .. .. 
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Photograph 12 Flux Chamber Seepage Meter. Deployment from Dive Boat 

Photograph 13 Flux Chamber Seepage Meter. Sample Bag Retrieval to Measure Grou ndwater Flux .. .. 
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5.0 INVESTIGATION RESULTS - PHYSICAL ANALYSES 

This section summarizes site hydrogeology and physical conditions for confined 

dredged materials, surface and subsurface sediment fill materials (Port and non

Port), and native soils. These conditions are described based on the field 

investigation tasks (Section 4.0) and laboratory physical testing completed for 

the project. Groundwater occurrence, flow, and gradients are described, along 

with tidal effects and lagoon surface water dynamics. These physical properties 

provide a framework for evaluating the results of laboratory testing (Section 6.0 

and Section 7.0), as well as site ecology (Section 9.0). Site hydrogeological 

conditions also form the basis for revising the site conceptual model (Section 

11.0). Figure 5-1 is a cross section location plan showing the locations of 

borings and sediment samples collected as part of this study. 

5. 1 Key Conclusions 

Hart Crowser 
)·5792-07 

Several key conclusions regarding the physical properties of site fill materials, 

groundwater flow and gradients, and the dynamics of Ross Island Lagoon are 

summarized below . 

.,.. The tidal monitoring study determined that an upward vertical groundwater 

gradient is present from the Troutdale Formation and Native Alluvium into 

lagoon fill materials and surface waters of Ross Island Lagoon. Groundwater 

seepage rates into the lagoon are relatively low because of small differences 

in groundwater elevations (i.e., head) between the lagoon and underlying 

groundwater. This conclusion is key because it defines the groundwater 

pathway for potential migration of chemical constituents from the Port's 

confined dredged material in the containment cells (see Section 10.0). 

Based on the upward gradient, deeper groundwater within the Native 

Alluvium and Troutdale Aquifer are eliminated as potential receptors of 

concern. Surface waters of the Willamette River are also eliminated as a 

potential receptor pathway . 

.,.. Site field data collected from the Port's investigation and from other sources 

indicate Ross Island Lagoon is characterized by limited surface water 

circulation. Suspended sediment from upstream runoff events, mining, and 

other sources can be held for days or weeks within the lagoon. Outflow to 

Holgate Slough is also limited and is triggered by seasonal drops in river 

elevation . 

.,.. The physical characteristics of the Port confined dredged material in the 

containment cells were consistent with the characteristics of pre-dredge 
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source materials. Scattered wood debris was common, with paint chips 

observed in Cell 4 confined dredged material and possibly Cell 3 

(identification was uncertain). Cell 2 contained concrete fragments, metal 

shavings, and pencil pitch from Terminal 4 Slip 3. 

I>- Debris was also observed in non-Port fill, e.g., wire, concrete, metal shavings, 

plastic, and cloth, beneath Port confined dredged material in Cell 4 and 

elsewhere in the lagoon borings. 

I>- Bonneville Rock is present as an approximate 10- to 20-foot-thick blanket 

over much of the southern lagoon fill bench, varying in depth below the 

mudline from near the surface to about 38 feet in the southwest part of the 

lagoon. The lagoon containment Cells 1 through 4 were excavated through 

and beneath the rock layer. 

I>- Visual and physical characteristics of sand and gravel fill material forming the 

dike between Ross and Hardtack Islands are nearly indistinguishable from 

native alluvial sands and gravels. No layering indicative of structural 

weaknesses was observed. 

I>- The characteristics of Port confined dredged material, cap, and non-Port fill 

are generally similar with respect to grain size, color, and other physical 

properties. Because of these similarities it is difficult to distinguish the Port 

confined dredged materials from cap and non-Port fill based on visual 

appearance alone. During drilling the contacts between the Port confined 

dredged materials, overlying caps, and underlying non-Port fill were 

identified based primarily on pre- and post-placement/capping bathymetric 

records. The presence of debris in some of the Port dredged materials also 

aided identification. The Port dredged materials are also readily 

distinguishable based on chemical analysis results, as discussed in Section 

7.0. 

Figures 5-2 through 5-4 are cross sections depicting the relationship of the 

geologic units described, along with generalized groundwater flow. Section 2.0 

of this report provides additional summary background information of the area 

hydrogeology. 

5.2 Site Hydrogeo/ogy Overview 

Hart Crowser 
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Results of the exploration program and physical laboratory testing, combined 

with existing information summarized in the Final Work Plan, were used as a 

basis for our interpretation of the geologic conditions. Based on the field data 

collected, the following geologic units were identified: 
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II> Surface Sediment. This includes the upper several inches of sediment of the 

Ross Island Lagoon and adjacent Willamette River and Holgate Slough. 

II> Port Confined Dredged Material. Port fill within the lagoon containment 

cells. 

II> Non-Port Fill and Cell Capping Materials. Various categories of fill were 

encountered during field exploration. These are described further below as 

Bonneville Rock, non-Port fill overlying the containment cells and Bonneville 

Rock, upland fill, and fill used to construct the dike between Ross and 

Hardtack Islands. 

II> Native Alluvial Sands and Gravels. These materials are associated with 

natural deposits of the Willamette River and stream deposition within 

historical scour channels created during catastrophic flooding event(s) 

following the last glaciation. 

II> Troutdale Formation. This formation is a cemented sandstone 

conglomerate deposit that forms the base of the scour channel in the site 

vicinity. The upland borings indicate that the depth to the top of this 

geologic unit is relatively consistent below Ross Island, occurring at 

elevations -121 to -141 feet (RI Datum) at the three drill locations. 

The geologic units listed above were further divided into four major 

groundwater-bearing zones (i.e., "hydrogeologic units"), based on groundwater 

occurrence, physical properties, and hydraulic characteristics: 

II> Fill. This includes Port confined dredged materials and all non-Port fill 

present in Ross Island Lagoon with the exception of Bonneville Rock. Non

Port fill in upland areas is also included within this hydrostatigraphic unit. 

Typical materials are silt, silty sand, and sandy silt. 

II> Bonneville Rock. Gravel, cobbles, and boulders with sand/silt infilling. 

II> Native Alluvial Sands and Gravels (or Native Alluvium). Sand and gravel 

with generally minor silt. 

II> Troutdale Formation. Cemented sand and gravel. 
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5.3 Surface Sediment Properties 

Sediment sample locations within the lagoon are shown on Figure 5-1. Thirty

five samples (including four field duplicates) were collected using a van Veen 

grab sampler for maximum recovery. Sediment generally consists of slightly 

clayey to clayey, silty, fine to medium Sand and slightly clayey to clayey, sandy 

Silt. Of the 35 samples, 18 were comprised predominantly of sand, 16 of 

silt/day, and 1 of gravel. No specific correlation of material type (i.e., sand 

versus silt) to sediment location within the lagoon was noted. Gravel was 

observed in only three of the samples, indicative of local variability in sediment 

grain size. 

Grain Size. As shown in Table 5-1, surface sediment in the lagoon ranges from 

2 to 34 percent silt; 1 to 17 percent clay; and 51 to 96 percent fine and medium 

sand. Silt as surface sediment in the lagoon is comprised of 10 to 3 7 percent 

clay; 1 to 47 percent fine to medium sand; and 43 to 76 percent silt. Pi pet 

analysis was used for determining the fine-grained fraction of the materials. 

Grain size curves are presented in Appendix C. 

Atterberg Limits. The relatively low percentages of silt and clay in the surface 

sediment samples precluded Atterberg limit testing. Although these tests were 

not performed, visual classification indicates that the fine-grained fraction of the 

sediment consists of low plasticity silt and clay. 

5.4 Subsurface Sediment and Soil Properties - Ross Island Lagoon 

Hart Crowser 
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This section discusses subsurface units as interpreted from the materials 

encountered in the lagoon borings, supporting geologic information, previous 

bathymetric surveys, and known fill history. This section is structured to first 

discuss the general physical characteristics of the materials. The physical 

configurations and related features for each containment cell are then discussed. 

Table 5-2 identifies the sequence of units encountered for each containment cell, 

including layer elevations and material descriptions. Various sampling methods 

were used to maximize the recovery within the containment cells. Typically, 

when samples had limited recovery, an additional attempt was made using a 

different sampling device. Exploration boring logs are presented in Appendix B. 

5.4.1 General Physical Characteristics 

Port Confined Dredged Materials 

The Port confined dredged material is relatively consistent from one 

containment cell to another and therefore has physical characteristics that are 
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quite similar. This material is also physically similar to non-Port fill encountered 

above and below the cells, as well as the overlying capping material. In 

particular, sharp, distinct contacts were difficult to distinguish between Port 

confined dredged material and underlying non-Port fill in the lagoon 

containment cells. 

The materials comprising the Port confined dredged materials are predominantly 

very loose to loose, silty, fine to medium Sand and/or very soft to soft, clayey, 

sandy Silt. Occasional debris was noted as discussed below for each cell. Fill is 

generally "massive" (i.e., without distinct layering unless otherwise specified 

below), and these materials were transitional in nature with regard to variations 

in sand and silt content. Physical properties such as plasticity (Atterberg limits), 

specific gravity, and consolidation characteristics are also relatively similar for 

materials from different cells. Further, the physical appearance and grain size 

distribution of the Port confined dredged material are comparable to samples 

collected for pre-dredge characterization. 

Table 5-4 tabulates geotechnical test results. Port confined dredged materials 

within Cells 1, 2, and 3 were composited for physical testing of grain size, 

Atterberg limits, and specific gravity. In other cases, discrete samples were 

tested as shown in Table 5-4. The priority of sampling for environmental analysis 

within the Port confined dredged material limited the volume available for 

physical testing. In some cases, the recovery was insufficient to perform 

additional physical tests. 

Density/Consistency. The Port confined dredged material is in a very loose to 

loose (i.e., sands) and/or very soft to soft (i.e., silts) condition consistently in each 

cell. Geophysical testing and cone probe penetration resistance (refer to 

Appendix B) within Cell 5 materials confirmed the density relationship to 

sampling blow counts during drilling of HC-G13B and HC-G02. Geophysical 

testing results were further evaluated during the geotechnical stability analysis 

described in Section 10.0. 

Grain Size. Grain size distribution was determined for seven samples of Port 

confined dredged materials. Except for one, samples were tested to quantify the 

silt and clay fraction using a hydrometer. The sand fraction is comprised of 1 to 

14 percent clay; 5 to 33 percent silt; and 53 to 91 percent fine to medium sand. 

The silt fraction is comprised of 16 to 25 percent fine to medium sand; 1 7 to 33 

percent clay; and 51 to 58 percent silt. Results are summarized in Table 5-4. 

Grain size curves are presented in Appendix C. 

Atterberg Limits. Plasticity was tested for ten samples using the Atterberg limits 

test. The plasticity index ranged from 2 to 22, with a value of 14 being most 
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common. In general, this indicates the fine-grained fraction of the materials is silt 

and clay of low plasticity. However, HC-G06 was Port confined dredged 

material consisting of high plasticity silt. This was the result for both samples in 

this cell, suggesting the fill is of higher plasticity than that of other cells. Results 

are summarized in Table 5-4. Atterberg limit results are presented in Appendix 

c. 

Specific Gravity. Specific gravity was tested for three samples composited for 

consolidation analysis of Port confined dredged material. Specific gravity is a 

dimensionless number that gives the ratio of the unit weight of the solid fraction 

of a soil to the unit weight of water. Specific gravity ranged from 2.63 to 2.67; 

the average value was 2.64. Cells 2, 3, and 5 are represented by these tests; 

however, the Port confined dredged material in other cells is expected to have 

similar values. As a reference, a typical value of specific gravity for sand is 2.65. 

Non-Port Fill and Capping Materials 

Non-Port fill materials in Ross Island Lagoon generally consist of very loose to 

loose, silty Sand to very soft to soft, sandy Silt (with the exception of Bonneville 

Rock). The visual appearance and physical characteristics of the fill are similar to 

Port confined dredged materials, and pre-placement bathymetry data were relied 

upon to distinguish the Port materials from the underlying non-Port fill. Non-Port 

fill also locally contains debris material as discussed further below. The thickness 

of non-Port fill varies significantly, depending on its occurrence in the lagoon. 

Non-Port fill was placed over Bonneville Rock beginning in the late 1980s. 

Bonneville Rock. The Bonneville Rock consists of pieces of basalt of varying 

sizes in a cemented, silty sandy gravel to gravelly sand matrix. According to 

RIS&G records, roughly 1,000,000 CY of Bonneville Rock were placed over a 

substantial portion of the southern lagoon in 1987 and 1988. Auger and diver 

probes were used to supplement the drilling explorations to determine the 

extent of the fill. Figure 5-5 summarizes the results of diver and auger probing 

for Bonneville Rock. The depth to Bonneville Rock delineated on the figure is 

shown as being greater than (or less than) 10 feet in depth below mudline. 

On the eastern side of the fill bench, including the upland fill near HC-MW02, 

the Bonneville Rock occurs as gravel to cobble-sized basalt in a layer of silty 

sandy gravel to gravelly sand overlying other non-Port fill. Here the thickness of 

the Bonneville Rock varies from about 13 to over 20 feet. The diver probe 

transects, taken on the surface of the fill bench near Cells 1 through 4, suggest 

that top of the Bonneville Rock ranges from 1 to 7.5 feet in depth below the 

mudline in this area where probing met "refusal on rock and/or gravels." Near 

HC-MW2 in the upland area, the fill is relatively thick, having top to bottom 
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elevations of about -7 to -35 feet (RI Datum), but is intermixed with 

predominantly silty and sandy material. In the area in the vicinity of containment 

cells, near HC-G04 and HC-G10, the top of the Bonneville Rock is at about 

elevation -32 to -40 feet. 

The top of the Bonneville Rock is deeper below non-Port fill further west on the 

fill bench, and could not be located by diver probing. The top of the Bonneville 

Rock is at an elevation range of -12 to -25 feet in this western area. Here the 

basalt pieces in the fill range up to greater than cobble size with the matrix as 

previously described. The thickness of the rock on the west side of the fill bench 

is about 10 to 20 feet based on auger probe data (refer to Appendix B). Here, 

drilling was used to find the Bonneville Rock, indicating it was deeper, ranging 

from depths of about 11 to 20 feet to the top of the fill. Samples obtained 

during drilling and the drilling action were used as an interpretive basis for 

identifying the Bonneville Rock. The action was such that the auger was "rolling 

over" large rock pieces into voids or bouncing off larger rock-like pieces. 

Capping Materials. Capping materials consisted of sand with varying degrees of 

intermixed silt and gravel (Table 5-2). These physical characteristics are 

consistent with the origin of the capping material from the on-site process plant 

settling pond. The presence of gravel (typically a minor component) may 

indicate some intermixing during placement of non-Port fill. Capping materials 

tended to be slightly more coarse-grained than the underlying Port confined 

dredged materials, and in part, were distinguished on this basis. Post-placement 

and post-capping bathymetry data were also relied upon for distinguishing the 

Port confined dredged materials from overlying cap and non-Port fill materials. 

Finally, chemical analysis data (presented in Section 7.0) were used with the 

physical and bathymetric data to clearly distinguish capping material from 

underlying confined Port dredged materials. 

Native Alluvial Sands and Gravels 

Alluvial deposits were encountered in the deep areas of the lagoon below recent 

sedimentation and below non-Port fill underlying containment cells. The alluvial 

deposits are very consistent across the site (including where encountered in 

upland borings), and consisted of dense to very dense, slightly silty to silty, sandy 

gravel to gravel, and gravelly sand. Representative grain size tests results from 

samples in lagoon borings HC-G11 and HC-G09 were slightly sandy gravel to 

slightly silty, sandy gravel, respectively, having the following fractions: fines ( 4 

and 9 percent), sand (8 and 36 percent), and gravel (88 and 52 percent), 

respectively. 
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All lagoon borings were terminated in alluvial deposits and did not encounter 

the Troutdale Formation. 

5.4.2 Cell Configuration and Features 

The following sections describe the general occurrence and thickness of the Port 

confined dredged material and other units within each of the lagoon 

containment cells. For each cell, the thickness of capping and non-Port fill 

materials is presented based on field data obtained during drilling in the 

containment cells. In addition, the combined thickness of cap pf us overlying fill 

over other parts of each cell is estimated based on pre- and post-disposal/ 

capping bathymetric data. 

Cell 1 

Port confined dredged material in Cell 1 was determined to be 2 7 feet thick at 

the location of HC-G07, ranging between elevations of-24 to -31 feet (RI 

Datum). The fill is primarily sandy silt and silty sand as described above; 

however, occasional thin layers of sand were noted throughout the fill. Two 

2-foot-thick layers of very loose to loose sand were encountered within the Port 

confined dredged material at elevations of-27 and -40 feet. A paint thinner-like 

odor was noted at about elevation -39 feet. 

An approximate 4-foot thickness of capping material was encountered above the 

Port confined dredged material near HC-G07. An additional 9-foot thickness of 

non-Port fill was then encountered over the cap. The combined cap/non-Port fill 

cover over other parts of the cell varies in thickness between about 10 and 20 

feet based on bathymetric records. Non-Port fill consisted of sand with varying 

amounts of silt and gravel. The current mudline elevation (top of non-Port fill) at 

this location is approximately -11 feet (RI Datum). 

Bel ow the Port confined dredged materials at 40 feet below mudline (-51 feet 

elevation, RI Datum), non-Port fill was encountered to the top of native alluvium 

(71 feet below the mudline, -82 feet elevation, RI Datum). Non-Port fill 

consisted of silt and sand overlying dense alluvial sandy gravel. Loose gravel 

was encountered over an approximate 11-foot-thick zone above the alluvium. 

This material is interpreted as fill or possibly sloughed material from previous 

mining. 

Debris Encountered. The only debris encountered in boring HC-G07 in Port 

material was scattered wood debris in the upper 3 feet of the Port fill. 
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Cell 2 

Port confined dredged material in Cell 2 was determined to be 44 feet thick at 

the location of HC-G08, ranging between elevations of -26 to -70 feet. The fill 

is primarily silty sand and sandy silt with scattered gravel. A zone of soft to 

medium stiff sandy clay with scattered gravel is noted between elevations of -46 

to -60 feet. The uppermost material of the Port fill is noted as silty gravel, which 

may be a transitional contact with the cap. 

An approximate 4-foot thickness of capping material was placed above the Port 

confined dredged material near HC-G05. An additional 12-foot thickness of 

non-Port fill was then placed over the cap. The combined cap/non-Port fill cover 

over other parts of the cell varies in thickness between about 8 and 16 feet. 

Non-Port fill consisted of silty sand. The current mudline elevation (top of non

Port fill) at this location is approximately -10 feet. 

Below the Port confined dredged materials at 60 feet below mudline (-70 feet 

elevation); non-Port fill was encountered to the top of native alluvium (86 feet 

below the mudline, -96 feet elevation). Non-Port fill consisted of silt, sand, and 

gravel, overlying very dense alluvial sandy gravel below. 

Debris Encountered. Scattered wood and organic material, concrete debris, 

metal shavings, and pencil pitch were noted within the Port confined dredged 

material. The debris was generally distributed throughout the Port confined 

dredged material in this cell. 

Cell 3 

Port confined dredged material in Cell 3 was determined to be 33 feet thick at 

the location of HC-G06A/B, ranging between elevations of -30 to -63 feet, and is 

primarily very soft, sandy silt and locally silty, fine sand. 

An approximate 3-foot thickness of capping material was placed above the Port 

confined dredged material near HC-G06A and HC-06B. An additional 3-foot 

thickness of non-Port fill was then placed over the cap. The combined cap/non

Port fill cover over other parts of the cell varies in thickness between about 1 

and 7 feet. Non-Port fill consisted of silt and sand. The current mudline 

elevation (top of non-Port fill) at this location is approximately -24 to -25 feet. 

Below the Port confined dredged materials at 39 feet below mudline (-63 feet 

elevation); non-Port fill was encountered to the top of native alluvium (62 feet 

below the mudline, -86 feet elevation). Non-Port fill consisted of silt, sand, and 

gravel, overlying very dense alluvial sandy gravel. 
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Debris Encountered. Debris consisting of wood and possible paint chips was 

noted within the Port confined dredged material. Below Cell 3, debris consisting 

of wood and plastic was noted in non-Port fill between depths of 40 to 50 feet 

below mudline (elevation -64 to -74 feet). Non-Port fill lying below Bonneville 

Rock in boring HC-G04 (east of Cell 3) contained copper wire and yellow paint 

chips. 

Cell 4 

Port confined dredged material in Cell 4 was determined to be 23 feet thick at 

the location of HC-G08, ranging between elevations of -34 and -57 feet. The fill 

is generally soft silt overlying loose to medium dense, silty sand. 

An approximate 13-foot thickness of capping material was placed above the Port 

confined dredged material near HC-G08. This cap thickness represents the 

combined placement from three separate capping events. Capping was 

competed following the barge spill of dredged material from Terminal 4 Berths 

410/411 during January 1998 placement activities (see Section 3.0). The 

capping thickness varies between about 12 to 16 feet over other parts of the 

cell. Bathymetric records do not identify that additional non-Port fill was placed 

above the cap near Cell 4. The current mudline elevation (top of cap) at this 

location is approximately -21 feet. 

Below the Port confined dredged materials at 36 feet below mudline (-57 feet 

elevation), non-Port fill was encountered to the top of native alluvium (78 feet 

below the mudline, -99 feet elevation). Non-Port fill consisted of silt, sand, and 

gravel, overlying very dense alluvial sandy gravel. 

Debris Encountered. Debris consisting of wood, paint chips, and a piece of 

wire was noted in Port material. The wood debris was noted throughout the 

cell. Also of note were copper, wire, concrete, cloth, plastic, and scattered 

wood noted between depths of 3 7 to 46 feet below mudline in non-Port fill 

below the cell. Metal shavings and galvanized wire were also observed in 

non-Port fill at a depth of 56 to 58 feet in samples S-28, S-29, and S-30 from 

boring HC-G08. 

Cell 5 

Port confined dredged material in Cell 5 was determined to be 12 feet thick at 

the location of HC-Gl 3A/B, ranging between elevations of-91 to -103 feet. In 

boring HC-G02, the Port dredged material may be present, but to an unknown 

extent and elevation. The breach of Cell 5 initiated surficial sloughing and 
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sediment deformation behind the edge of the breach, which could have resulted 

in intermixing of Port confined dredged material with overlying non-Port fill. 

Bathymetry for Cell 5 indicates that the thickness of Port confined dredged 

material varies between about 5 to 10 feet, thickening to about 12 feet along the 

western margin of the cell. The Port fill is primarily silty sand to sandy silt in 

Cell 5. 

An approximate 7-foot thickness of capping material was placed above the Port 

confined dredged material near HC-G013A and HC-013B. An additional 17-foot 

thickness of non-Port fill was then placed over the cap. The combined cap/non

Port fill cover varies in thickness between about 16 and 20 feet over other parts 

of the cell. The current mudline elevation (top of non-Port fill) at this location is 

approximately -69 feet. 

Below the Port confined dredged materials at 34 feet below mudline (-103 feet 

elevation), non-Port fill was encountered to the top of native alluvium ( 45 feet 

below the mudline, -114 feet elevation). Non-Port fill consisted of silt and sand 

with localized laminations overlying very dense alluvial sandy gravel. 

Debris Encountered. Trace wood fragments were noted near the bottom of the 

Port confined dredged materials in Cell 5. Wood fragments were also 

encountered in the non-Port fill below the Port confined dredged materials. In 

HC-G02 near the edge of the Cell 5 breach, possible red paint chips were noted. 

It is difficult to conclude the origin of this material because of sloughing and 

intermixing after the breach occurred in 1998. 

5.5 Subsurface Soil Properties - Ross Island Uplands 
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The following sections summarize subsurface units encountered in the upland 

monitoring well borings. Table 5-3 presents physical descriptions and depth/ 

elevation occurrence data for non-Port fill, alluvium, and the Troutdale 

Formation. 

5.5.1 MW-01 Cluster 

The MW-01 well cluster is located on Ross Island south of lagoon containment 

Cell 5 (Figure 5-1 ). The presence of a blue heron rookery, bald eagle's nest, and 

access restrictions precluded locating this well cluster farther to the north (see 

Section 2.0). Upland fill was encountered to a depth of 9 feet below ground 

surface (10 feet Datum) in the MW-01 well cluster. At this location, RIS&G 

placed a 1 7-foot thickness of sand and sandy gravel fill to construct a pad to 

provide access for the Becker drilling rig. Grain size results for a sample within 
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the fill of MW-1 C indicates the particular material is very silty sand, with 42 

percent fine-grained material and 58 percent sand. 

The fill material physically grades into native alluvium and the exact contact near 

9 feet depth was difficult to distinguish. Alluvium encountered in the MW-01 

cluster wells and other upland wells consisted of very dense, gravelly sand to 

sandy gravel with minor sandy or silty layering observed locally. Alluvium 

extended to 144 feet below ground surface (-125 feet elevation) to the top of 

the Troutdale Formation. 

The Troutdale Formation was encountered in the deeper "C" monitoring well of 

the MW-01 cluster and other deep upland wells. The Troutdale Formation is 

cemented sandstone conglomerate consisting of sandy gravel to gravel. Dark 

green volcanic rock fragments and basalt are diagnostic features of this unit, as 

well as its characteristic cementation. 

5.5.2 MW-02 Well Cluster 

The MW-02 well cluster is located on Hardtack Island at the south end of Ross 

Island Lagoon (Figure 5-1 ). Non-Port fill at this location contains various soil 

types and likely represents different filling events. lnterlayered loose, silty sand; 

soft to stiff silt; and medium dense, sandy gravel are present in the upper 23 feet. 

Below this zone is very dense, silty, sandy gravel having concrete and lime debris 

within the fill material to a depth of about 3 7 feet below grade (-7 feet 

elevation). This debris is typical of "wash-out" from concrete and/or cement 

processing. The presence of the wash-out debris is significant because this 

location lies roughly 400 to 500 feet in the inferred upgradient groundwater flow 

direction from surface sediment samples HC-SS-16 and HC-SS-22 in Ross Island 

Lagoon (Section 6.0). These samples failed bioassay testing, and although the 

cause of these failures is uncertain, elevated ammonia and pH were detected in 

the pore water of these samples. Also, there is no indication that Port confined 

dredged materials contributed to this result (see Section 10.0 and Section 11.0). 

Bonneville Rock is interpreted to underlie the zone of wash-out fill in MW-02B, 

based on the presence of angular basalt fragments in a sandy matrix. The basalt 

fragments may have broken off larger pieces during drilling and sampling. 

Additional fill consisting of very dense sand and hard silt with wood and 

occasional gravel underlies the Bonneville Rock to about 89 feet below ground 

surface (-59 feet elevation). 

Alluvial sands and gravels are present below non-Port fill materials down to the 

contact with the Troutdale Formation at a depth of about 1 51 feet (-121 feet 

elevation). The elevation of the top of the Troutdale Formation in MW-02C (and 
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MW-01 C) indicates that this surface is fairly level between the upland wells. By 

inference, the upper surface the Troutdale Formation probably lies at similar 

elevations beneath the lagoon area. 

5.5.3 MW-03 Well Cluster 

This well cluster is located near the RIS&G processing facilities and site office 

(Figure 5-1 ). The upland fill is approximately 20 feet thick at this location and 

consists of sandy gravel, sand, and silt above the alluvial deposits. The alluvial 

sands and gravels extended to the contact with the Troutdale Formation at 171 

feet depth (-141 feet elevation). The physical characteristics of the alluvium and 

Troutdale Formation were similar to those observed at the MW-01 and MW-02 

locations. 

5.5.4 Boring HC-G18 (Ross/Hardtack Island Dike Fill) 

The dike fill consists of about 9 feet of medium dense, silty sand overlying a thick 

fill of loose to medium dense, sandy gravel to silty, sandy gravel. The fill 

thickness for the dike was interpreted to be greater than 82 feet, which is the 

depth of boring HC-G18. The gravel material is similar to the alluvial materials 

that form the .island and was likely removed from the upland area for use as fill. 

5.6 Hydrogeo/ogic Conditions 

Hart Crowser 
J-5792-07 

Four distinct hydrogeologic units were identified based on their physical 

properties and hydraulic characteristics. These units generally coincide with the 

geologic units discussed above, or combine several material types with similar 

properties: 

.., Fill. Fine-grained Port confined dredged materials and non-Port fill in the 

lagoon and adjacent upland areas . 

.., Bonneville Rock. Gravel, cobbles, and boulders with sand/silt infilling . 

.,.. Native Alluvium. Sand and gravel with generally minor silt. 

.,.. Troutdale Formation. Cemented sand and gravel. 

Cross sections depicting the relationship between these hydrogeologic units are 

presented on Figures 5-2 through 5-4. These units are distinguished from each 

other based on a combination of the physical/hydraulic properties and geologic 

characteristics. 
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Estimates of horizontal hydraulic conductivities for these units were made based 

on grain size analyses, slug tests, and literature values for similar materials. 

These estimates of hydraulic properties are summarized in Table 5-5. 

The following sections summarize the hydrogeologic units. 

5.6.1 Fill 

This unit encompasses the Port confined dredged materials within the lagoon 

containment cells and non-Port fill in Ross Island Lagoon and the surrounding 

uplands, with the exception of the Bonneville Rock. Fill in the lagoon consists 

primarily of silt, sandy silt, and silty sand, while fill in the uplands contains more 

coarse-grained material. This hydrogeologic unit is up to 80 feet thick in parts of 

the lagoon. 

Due to the heterogeneous nature of this unit, there is a significant range in 

estimated hydraulic conductivities. Slug tests performed in groundwater 

monitoring wells completed in the coarser-grained upland fill indicate horizontal 

hydraulic conductivities ranging from 0.06 to 0.22 centimeters per second 

(cm/sec). Grain size analyses from upland and lagoon fill samples indicate 

hydraulic conductivities ranging from less than 5 x 10-3 to 0.011 cm/sec, while 

literature values for similar materials range from 4 x 10-5 to 0.35 cm/sec. In 

general, the lower end of the hydraulic conductivity range is more representative 

of the finer-grained lagoon fill, while the higher values are more representative of 

the coarser-grained upland fill. 

5.6.2 Bonneville Rock 

This unit is composed of gravel, cobbles, and boulders. No direct measurement 

of hydraulic conductivity was made for this unit, because of impracticalities of 

sampling representative material. Literature values for hydraulic conductivities of 

gravels range from 0.1 to 10 cm/sec. Because of the very coarse nature of this 

unit, the higher end of this range is a reasonable estimate for the horizontal 

hydraulic conductivity. When present, the Bonneville Rock is approximately 10 

to 20 feet thick. 

5.6.3 Native Alluvial Sands and Gravels 

The Native Alluvium is composed of sand and gravel with silty layers. Horizontal 

hydraulic conductivities estimated from slug tests, grain size analyses, and 

literature values are reasonably consistent, with a total range of 0.01 to 

2.2 cm/sec. Because alluvial deposits are generally well-stratified, it is typical to 

have vertical conductivities that are significantly less than horizontal 

conductivities. Thickness of the Native Alluvium varies considerably throughout 
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the site. In areas where no mining has occurred, the Native Alluvium is over 100 

feet thick. In the middle of the lagoon, in mined areas, the thickness of the 

Native Alluvium is on the order of 10 to 20 feet. 

5.6.4 Troutdale Formation 

The Troutdale Formation consists of cemented sand and gravel. Estimated 

horizontal hydraulic conductivities from sf ug tests range from 0.09 to 

0.17 cm/sec. The range between the 25th percentile and 75th percentile 

measured values of hydraulic conductivities for this unit assembled for a USGS 

groundwater model of the Portland Basin is from 5 x 10·4 to 7 x 10"3 cm/sec 

(USGS, 1996b). The USGS measurements are based on pumping tests that 

typically measure hydraulic conductivity over larger areas than slug tests, and are 

considered more representative of regional hydraulic conductivity. This same 

USGS report estimates that the vertical hydraulic conductivity is on the order of 

100 times less than the horizontal conductivity. Total thickness of the Troutdale 

Formation at the site is unknown. However, driller's logs for nearby wells 

indicate a thickness of roughly 200 feet. 

5. 7 Groundwater Flow Directions and Gradients 

Hart Crowser 
J-5792·07 

The magnitude and direction of groundwater flow are controlled by the 

hydraulic conductivities of the hydrogeologic units and by the magnitude and 

direction of the hydraulic gradients. Flow direction and gradients at Ross Island 

were evaluated using groundwater elevation data collected from the lagoon 

piezometers and upland wells over several tidal cycles. Also, the rate of 

groundwater seepage into the lagoon was measured from flux chamber devices 

deployed at the mudline above the containment cells. These results are 

discussed below. 

5. 7. 1 Flux Chamber Seepage Study 

Flux chambers were placed at three locations in Ross Island Lagoon to measure 

the net flux of groundwater discharging to the lagoon, and to collect samples of 

groundwater at the mudline for chemical analyses (Figure 5-1 ). Flux chamber 

design, placement, and sampling are discussed in Section 4.0, and groundwater 

quality results are discussed in Section 7.0. Groundwater flux was measured 

over two time periods-from December 28, 1999, to February 23, 2000, and 

from February 23 to April 27, 2000. Measured groundwater fluxes indicate a 

net flow from the subsurface to the lagoon. Fluxes above the containment cells 

are very low. During the first measurement period fluxes ranged from 0.005 to 

0.016 gallons per day per square foot (gpd/ft2) or 6 x 10"4 to 2 x 10·3 feet per day 

(ft/day). During the second period fluxes were lower, ranging from 0.002 to 
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0.004 gpd/ft2 or 2 x 10·4 to 5 x 10·4 ft/day. Assuming an average porosity of 

0.25, this translates into a groundwater flow velocity of 2.4 x 10·3 to 8 x 10-3 

ft/day during the first period and 9 x 10·4 to 2 x 10·3 ft/day during the second 

period. 

5. 7.2 Tidal Monitoring Study 

A tidal monitoring study was performed to evaluate variability in hydraulic head 

and groundwater flow gradients over time. Water levels in nine upland wells 

(well clusters MW-01, MW-02, and MW-03), two lagoon piezometer pairs 

(HC-G06A and G-068, and HC-G13A and Gl 38), and the lagoon at the Ross 

Island staff gage were monitored for a period of more than 72 hours (January 21 

through 28, 2000) using pressure transducers and data loggers. 

Because of a malfunctioning data logger at the MW-2 well cluster, only the first 

13 hours of data were recorded on January 21 and 22, 2000. A second round 

of monitoring was therefore performed between January 25 and 28, 2000, for 

the MW-2 cluster and the lagoon to provide a longer water level record. Also, 

piezometer HC-G06B failed approximately 6 hours into the first monitoring 

period due to a break at a casing joint. Comparison of the data from HC-G06B 

with data from the other piezometers indicates that a similar response was 

occurring, however. 

During the study, average and transient water levels were measured in 

groundwater and lagoon surface water. This information was then used to 

determine average and transient hydraulic gradient directions and magnitudes. 

In addition to evaluating groundwater flow conditions, conclusions of this work 

also supported contaminant transport analyses described in Section 10.0. 

Hydraulic Head PlotsNertical Hydraulic Gradients 

Upland Well Data. Plots of measured hydraulic heads illustrating the tidal 

response of the upland monitoring wells are provided on Figures 5-6 through 

5-8. Table 5-6 presents measured heads at typical high, low, rising, and falling 

tides. The plots show the hydraulic head measured at each of the well clusters, 

along with lagoon water levels. The plots also allow hydraulic gradient and 

associated groundwater flow directions to be determined based on the 

difference between hydraulic heads noted in the wells and the lagoon. For 

example, the plot for the MW-1 upland well cluster shows that heads generally 

decrease from the Troutdale Formation ("C" well) through the Native Alluvium 

and upland fill ("A" and "B" wells) to the lagoon, indicating that upward 

hydraulic gradients are present (Figure 5-6). 
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During periods of the tidal cycle when the lagoon water level is decreasing 

rapidly, downward hydraulic gradients are temporarily present from the shallow 

MW-1 A well to the deeper MW-1 B well. This is because the tidal response in 

the" A" well is dampened somewhat by unconfined groundwater conditions. 

Similar responses are noted at the other well clusters. 

The MW-3 well cluster is furthest inland, resulting in a slight groundwater mound 

in the shallow fill from precipitation. This is seen on Figure 5-8, where the 

shallow "A" well generally has a higher head than the deeper "B" well. Heads in 

the deepest "C" well screened in the Troutdale Formation are always higher than 

heads in the "B" well, indicating upward flow. Additionally, heads in all wells are 

generally higher than those in the lagoon, indicating net flow is upward to the 

lagoon. 

Lagoon Piezometer Data. Plots of measured hydraulic heads illustrating the 

tidal response of the piezometers are presented on Figures 5-9 and 5-1 0. As 

discussed below, the magnitude of vertical hydraulic gradients to the lagoon 

indicated by these plots is very low and cannot be precisely quantified directly 

from the tidal study, because of inherent limitations of the data accuracy. 

However, the presence of predominantly upward, but small, hydraulic gradients 

from the containment cells into the lagoon is supported by measurements of the 

flux chambers. This is also corroborated by the strong upward gradients noted 

in the upland well clusters, and similarity of tidal responses in the lagoon 

piezometers and upland wells. Measurement uncertainties are introduced from: 

~ Differences in lagoon level between the staff gage and the piezometer 

locations; 

~ Short-term effects of waves or boat wakes on transducer readings; and 

~ The accuracy to which the top of casing elevations and depth to water can 

be measured in the free-standing PVC casing of the piezometers (e.g., due to 

slight movement of the casing with wind and tides). 

Based on these considerations, we conservatively estimate the measurements of 

hydraulic head are accurate within 0.2 foot. The data gathered from the lagoon 

piezometers, in combination with upland well data, provide sufficient 

information to conclude the following: 

~ Hydraulic gradients are consistently upward from the Troutdale Formation to 

overlying hydrogeologic units. 
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..,. There is a net upward hydraulic gradient maintained through the upland fill 

and Native Alluvium (e.g., "A" and "B" upland wells) to the lagoon. During 

transitional periods of the tidal cycle when the lagoon water level is 

decreasing rapidly, downward hydraulic gradients are temporarily present 

from the shallow "A" wells to the deeper "B" wells. This is because the tidal 

response in the "A" well is dampened somewhat by unconfined 

groundwater conditions . 

..,. Tidal responses in the lagoon piezometers generally mimic the responses in 

the upland wells. Groundwater elevation changes follow the same trends in 

the piezometers and the wells, and the relative timing of highest and lowest 

elevations is comparable. These trends are apparent from comparison of the 

tidal monitoring hydrographs presented on Figures 5-6 through 5-10. The 

magnitude of vertical hydraulic gradients from the containment cells to the 

lagoon is very low, however, and cannot be precisely quantified directly 

from the tidal study, because the limitations on data accuracy. However, the 

presence of predominantly upward, but small, hydraulic gradients is 

supported by measurements of the flux chambers, which are filling very 

slowly with subsurface water. This is also corroborated by the strong 

upward gradients noted in the upland well clusters . 

..,. The average horizontal hydraulic gradient in the deep, regional Troutdale 

Aquifer, calculated using the "C" wells, is to the northwest with an average 

magnitude of 0.0002. This generally follows the course of the Willamette 

River as it approaches the Columbia River . 

..,. Average horizontal hydraulic gradients could not be calculated between the 

shallower" A" and "B" wells because they are screened at or above the level 

of deeper portions of the lagoon mudline. Along the southern portions of the 

island, in the area of the disposal cells, Willamette River levels are higher 

than lagoon levels, causing a horizontal hydraulic gradient across the island 

from the river to the lagoon. This occurs because the lagoon water level 

elevation is flat relative to the river gradient between the upstream and 

downstream ends of the island. The lagoon water level is controlled by the 

river elevation at the lagoon opening. In addition, hydraulic head in the 

lagoon is generally lower than heads in the "A" and "B" wells, also indicating 

that net horizontal flow is inward toward the lagoon . 

..,. The available data represent a snapshot of hydrogeologic conditions at the 

site and do not account for seasonal changes in river stage. However, since 

the Willamette River is a major groundwater discharge zone, the overall 

observations of upward vertical flow from the Troutdale Aquifer should 

remain unchanged regardless of seasonal changes. Figures 5-6 through 5-8 
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show that as average river stage declines in the middle of the monitoring 

period, average hydraulic heads in the underlying aquifers drop, maintaining 

the overall hydraulic gradient. 

The data collected represent the best available information to quantify vertical 

gradients between the pore water of the confined containment cells, underlying 

groundwater, and the surface water of the lagoon. 

5.8 Surface Water and Lagoon Dynamics 

Hart Crowser 

J-5792-07 

As summarized in Section 2.0, the physical setting of Ross Island Lagoon is 

controlled by its location within the Willamette River, associated seasonal 

flooding, geometry of the lagoon outlet, and depth. The following sections 

summarize the dynamics of surface water flow in the lagoon based on these 

factors. The dynamics of lagoon circulation are an important component of the 

revised conceptual model of the site. 

Hart Crowser collected temperature, dissolved oxygen, and turbidity 

measurements during water quality sampling completed in December 1 999. 

Additional information regarding surface water physical parameters in the lagoon 

and the Willamette River was collected in 1999 and 2000 from recent site 

studies completed by CH2M Hill for RIS&G. These reports include: 

~ Background Information Report: Turbidity/Suspended Particulates Study of 

the Ross Island Area (CH2M Hill, 1999b); 

~ Ross Island Sand & Gravel Turbidity Study: Interim Data Summary No. 2 

(CH2M Hill, 2000a); and 

~ Ross Island Sand & Gravel Turbidity Study: Final Data Summary (CH2M Hill, 

2000b). 

5.8.1 Physical Characteristics 

Water depths in the Ross Island Lagoon range from about 10 to 30 feet along 

the extensive bench area in the southern end of the lagoon, to depths of 130 

feet or greater to the north (Figure 2-1 ). Ross Island Lagoon is completely 

enclosed except for a 500-foot-wide outlet to Holgate Slough on the northeast 

side of the lagoon. 

The lagoon tends to function as a deep-water slough with slow interchange of 

water to the Willamette River over a relatively shallow "sill" at the lagoon mouth. 

Seasonal water depths over this sill at the lagoon mouth typically vary between 
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about 15 to 30 feet. The exchange of water between the lagoon and Holgate 

Slough is influenced by both the daily tidal cycle fluctuations and river flow. 

Water exchange from the lagoon to Holgate Slough is reduced and appears to 

reverse when the level of water in the river is rising. When the river level is 

falling the outflow from the lagoon may increase. 

5.8.2 Water Quality Parameters 

Results of Hart Crowser sampling in December 1999 for the Port's investigation 

indicate that temperature, pH, and dissolved oxygen are well-mixed, with no 

apparent stratification with depth (Table 5-6). Results of the CH2M Hill studies 

for RIS&G provide a similar conclusion for the spring of 1999 and winter 

1999/2000. Conversely, some depth-stratification of temperature and dissolved 

oxygen apparently occurs during the summer and early fall (CH2M Hill, 2000b). 

Stratification leads to a thermocline at a depth of about 20 feet below the 

surface, which promotes anoxic conditions at greater depth (e.g., below about 

100 feet deep), based on the CH2M Hill findings. 

5.8.3 Turbidity!TSS Sources 

Turbidity and total suspended solids (TSS) concentrations in the lagoon are 

dominated by ambient increases in background levels from the Willamette River 

runoff, and from in-water mining activities. Review of the CH2M Hill data 

indicates that following storm events, the lagoon experiences turbidity increases 

several days after increases are noted in the river. After river turbidity subsides, 

turbidity levels in the lagoon remain higher for days to weeks due to a lack of 

circulation. Also, lagoon turbidity generally increases with depth, which is likely 

due to the mining activities and lack of circulation (CH2M Hill, 1999b). 

Because of the general absence of circulation indicated by the Hart Crowser and 

CH2M Hill field data, mining activities near the mouth of the lagoon will 

contribute a much greater amount of particulate matter than activities elsewhere 

in the lagoon. Low circulation conditions also tend to attenuate turbidity plumes 

generated from mining and other activities in the central and southern portions 

of the lagoon. The high residence time of suspended particulates in the lagoon 

limits the amount of material that can escape to the river. Natural erosion of 

bank areas from wave action also contributes material to the suspended load 

and may have a localized impact, but this source is probably minor in 

comparison to mining and ambient background from the river. 
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Table 5-1 - Surface Sediment Sample Grain Size Testing Summary 

Sample Moisture I Grain Size in Percent 
No. Content Gravel 

I 

Sand Silt Clay 
in% 

HC-SS02 76 7 63 26 4 
HC-SS02 Dup 1

'
1 83 0 67 29 4 

HC-SS03 52 49 30 19 2 
HC-5504 45 0 91 4 5 
HC-5505 94 0 51 32 17 
HC-5505 Dup 111 127 0 50 34 16 
HC-SS06 167 0 2 62 36 
HC-SS07 174 0 6 76 18 
HC-SS08 186 0 1 68 31 
HC-SS09 172 0 10 67 23 
HC-SS10 I 199 0 2 75 23 
HC-SS11 83 0 56 30 14 
HC-SSl 2 I 105 0 I 57 27 16 
HC-S51 3 ! 144 0 32 43 25 
HC-SS14 249 0 3 60 37 
HC-5Sl 5 221 0 4 60 36 
HC-S516 87 0 21 62 17 
HC-SS17 133 0 16 51 33 
HC-5518 83 0 29 58 13 
HC-S519 53 0 56 34 10 
HC-S520 43 18 61 20 1 
HC-5522 58 0 47 43 10 
HC-SS23 52 0 63 32 5 
HC-5524 47 0 69 27 4 
HC-5525 53 0 76 19 5 
HC-5526 118 0 45 43 12 
HC-5528 51 0 64 26 10 
HC-5529 52 0 93 6 1 
HC-5530 39 0 91 7 2 
HC-5531 47 0 96 2 2 
HC-SS32 

' 
79 0 58 34 8 

HC-5532 Dup 111 83 0 59 35 6 
HC-5533 53 0 88 10 2 
HC-5S34 97 0 14 71 15 
HC-REF A 26 2 95 2 1 
HC-REF B 162 0 15 70 15 
HC-REF B Dup 111 163 0 15 66 19 
HC-REF C 601 0 65 29 6 
HC-REF D tJJ 50 0 77 18 5 
HC-SSl 00 \L) 108 0 51 35 14 
HC-SSl 01 121 

96 ' ! 0 14 69 17 
HC-SS102 \L) 228 0 I 5 65 30 
HC-SS103 \L) 80 0 59 34 7 
( 1) Laboratory duplicates for PSEP protocol sediment pi pet testing. 
(2) Field Duplicates 
(3) Blended laboratory sample from HC-REF A and HC-REF B samples. 

Lab Duplicate 

Lab Duplicate 

Lab Duplicate 

Lab Duplicate 
I 

Lab Composite 

Field Dup for HC-SS05 

Field Dup for HC-S534 
Field Dup for HC-SS15 

Field Dup for HC-5S32 

HC-5S01, HC-5S21, and HC-SS27 could not be collected because of gravel and wood obstructions. 
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Table 5-2 - Lagoon Boring Exploration Summary Sheet 1 of 3 

Lagoon 

Borings 

and Piezometers 

Cell 1 

Piezometer 
HC-G07 

Cell 2 

Piezometer 
HC-G05 

Cell 3 
Piezometers 
HC-G06A 
and G06B 

Cell 4 
Boring HC-G08 

Hart Crowser 

Water 

Column 

Depth 
in Feet 

20 

20 

35 

33 

Total Depth 

in Feet 

below 
Mudline 

80 

95 

G06A: 18 

G06B: 74.5 

85 

Depth to 

Top of Unit 
Material in Feet 

Type below Mudline 

Non-Port Fill 0 

C:~P 9 

Port CDM 13 
Non-Port Fill 40 

so 
··---·----- --~---

Alluvium 71 

Non-Port FiU ________________ _o _____ _ 

Cap_______ --~:2_ ___ _ 

PortCDM 16 
Non-Port Fill 60 

Top of Unit 

Elevation in Feet 
(Ross Island Datum) 

-11 mudline 
-20 

-24 
-51 
-61 
-82 

Material Description 

Brown, slightly silty, gravelly Sand 

G~:;;~ii~h[1Y-~~~-i,_~i!Y~iri_~-==-=--=~=- ·--- - - - -
Gray, sandy Silt and silty Sand with wood, and localized paint thinner-like 
odor 

cr;;vsili~~1iilht~--;-~~~ciy]l~-~-~_c1_ s~~~- ---~-
Loose Gravel to sandy Gravel 
Very dense, gray-green, sandyGraveT-- --

_____ :_IQ m.:idli11'0_ ____ (;ray,_~~i;h~y _silty San<J________ __ ___ _ __ __ _ _ _ 
_ _______ __:'.!_~ _____ _ _ Gi:a_y_S_a_n~_ _ _____________ _ 

Silty Sand and sandy Silt with Gravel, wood, concrete, metal shavings, 
-26 and pencil pitch ----------_-7o _______ c;;~v:-~:;;-~dy-si11,"sand,-:;-;;d;:;ndy e;--;-:;~-------

Alluviu~-------- ------86_____ -96 ---- Verydense;gray,sl!ghtly-silty;-sandy-Gravef 

Non-Port_F~I_ _ _ _ _____ O ___ ::2_i~C>_:_2_5rn_ll~_lin_"----_ (;ray~ilt,_slightly_sanc!y~ilt,__a_'l_ci_S_an_cJ___ ______________ _ 
Ca_p_ _ _____________ ] ____________ __:_3_?_ _____ c;_rar_silty~a_ncJ_~_cl~ltr'._:a_ri_~y G_r_a\/'C' _________________________ _ 

PortCDM 6 

Non-Port Fill 39 
----·----~-. --------- -----

Alluvium 

Non-Port Fill 
----------- ---

C_ap 

PortCDM 

62 

Not present above 

------~ap 
0 -- - -·- ---··-------------- -

13 

Non-Port Fill 36 ------·--------- ~ ---------- ~---
Alluvium 78 

Gray Silt and local silty Sand with wood and possible scattered paint 

------~----- t:hiE_s ___________________________________ _ 

-63 
Gray to dark gray, silty sandy Gravel, gravelly Sand, and sandy Silt with 
wood and plastic 

--------- ---8-6 ---- ------ Veryden-se~-,-d7a-rk'--g--r-a_y __ s_a_n~d·y--G,~r-a-ve~I--------- -- ---------- ---

-21 mudline 

Gray sandy Gravel, sandy Silt, and silty Sand with concrete, PVC pipe, 
-57 metal shavings, wood, copper and galvanized wire, and cloth ______ ,, __ ---=9_9 ________ V er-ycrense~ gray, SITtY,SIDdY Gravel -~---- ~---------· -· --
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Table 5-2 - Lagoon Boring Exploration Summary 

Lagoon 

Borings 

and Piezometers 

Cell 5 

Piezometers 

HC-G13A 

and HC-G13B 

HC-GOl 

HC-G02 (1) 

HC-G03 

HC-G04 

HC-G09 

HC-G10 

Water 
Column 

Depth 

in Feet 

77 

125 

66 

51 

34 

102 

24 

Total Depth 
in Feet 

below 

Mudline 

G13A:37 

Gl3B54 

19 

59 

47 

705 

27 

76.5 

Material 
Type 

Non-Port Fill 
------ --- ----- ---

Cap _____ _ 

PortCDM 

Non-Port Fill 
Alluvium 

Non-Port Fill 

Alluvium 

Non-Port Fill 

Alluvium 

Non-Port Fill 
Alluvium 

Non-Port Fill 

Alluvium 

Non-Port Fill 

Alluvium 

Non-Port Fill 

Depth to 
Top of Unit 

in Feet 

below Mudline 

0 

17 

24 

34 
45 

0 
17 

0 

30 
56 

0 

39 

0 

20 

61 

0 

5 

0 

15 

25 

39 

Sheet 2 of 3 

Top of Unit 

Elevation in Feet 

(Ross Island Datum) Material Description 

-93 Gray, silty_Sand and S<lndy Silt 

-103 Gray Sand, silty Sand, Silt, and laminated Silt with Gravel and wood 

-114 ve,Ycie-nse~<fa.:kgraysariCI¥ cravef - - - - --- - -- -
-122 Gray Silt, silty Sand, and silty sandy Gravel to gravelly Sand 

-139 Very dense, gray sandy Gravel- ·- - · -

-63 Gray to br~\¥11~'1_f1cli':l1cl_5il!_____ _ ____ __ _ _ 
Gray, sandy Silt, silty Sand, and gravelly with local wood and possible red 

-43 Gray, silty Sand, silty, gravelly Sand, and sandy Silt 
-82 Veryde11se,-gra-i,SandY-Gravel with cobbles--

-24 

-44 

-85 

-93 

-98 

-15 

-30 

-40 

-54 

Brown .:i_nd !lra_')'~ilt a11cl_s".flclY'. ~ilty c:;r'1vel 
Gray, silty Sand, sandy Gravel, and silty Sand with plywood, copper wire, 
and yellow paint chips 

---- - -- very dense~brownGravel~-- - - ------------

Gray Silt 
--- Very dense, gray,-slfty;san-dyGravel and Sand with cobbles 

Dense, gray, sandy Gravel and gravelly Sand 
e;;:;ry,~1;;-;~-y $;!! ;;;tti-di;;,-;-~1-1ik~~..J;;~- --

c~!~--:;i11;;,-;~11~;:c::;:;-~~_.:i_n~93~~--=-=----=--=-= ·- -_-----~=-=~-----

------~~--·~-----~··-- ;___________ ----- ------~ 

Gray Sand and sandy Silt with local Gravel, wood, and shell fragments 
Dense, gray~andy-Gravei ------- -- - - ·· ----- - - -

HC-Gll 106 23 

HC-G12 51 79 

HC-G14 71 44 

Hart Crowser 

Alluvium 72 

Non-Port Fill 0 

Alluvium 

Non-Port Fill 

Alluvium 

Non-Port Fill 

Alluvium 

5 

0 
43 

48 
70 

0 

20 

25 
- ---~------ ·--

38 

-87 

-98 

-103 

-47 
-90 

---- - ---·--
-95 

-117 

-66 

-86 

-91 
-104 

Gray Silt 
ve-ry,deilse, gray~·sanayGravef withCObbfe-s~---- --~----- ------

______ c:;_r_ay, sandy~ilt,siltySaricl_ ""_it~i<:ic_al(_;r_<lV(el 
Dark gray, sandy Gravel 

Gray 5ar1Jandsiltwitt1-IOc:alwood 
Verydensi, darkgfay, s'andy Gravef--

Brown and gray, silty Sand and sandy Silt 

Gray,_~ancjy Grav_e~=--=-- ______ -__ 
Gray Silt with local sandy Silt layers 
Very dense, gray~sand)/Gravef-and-Gravef --- · 
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Table 5-2 - Lagoon Boring Exploration Summary 

Water Total Depth 
lagoon Column in Feet 
Borings Depth below Material 

and Piezometers in Feet Mud line Type 

HCG15 119 14 Non·Port Fill 
Alluvium 

HCG16 66 63 Non·Port Fill 

Alluvium 

HCG17 108 14 5 Non·Port Fill 

Alluvium 

Notes: 

Depth to 
Top of Unit 

in Feet 
below Mudline 

0 
12 

0 
46 
53 

0 

6 

( 1) HCG02 likely located within Cell 5; however, soil conditions observed are disturbed by breach. 

Hart Crowser 

Top of Unit 
Elevation in Feet 

(Ross Island Datum) 

·114 
·126 

·64 

·110 
·117 

·103 

-109 

Sheet 3 of 3 

Material Description 

Gray, silty Sand with local Gravel 
Very dense, brownish-gray ;5andy Gravel •viih. cobbles 

Gray Silt and sandt Silt ____ ··--
Gray Sand Gray Siffy, -sandYGrave1 · ·· -·----- ·--·--- ------
(;ray, _llravelly, sandy ~ilt 
Dense to very dense, gray sandy Gravel and silty, gravelly Sand with 
cobbles 
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Table 5-3 - Upland Boring Exploration Summary 

Upland Wells 

MW-01 Cluster 

MW-02 Cluster 

MW-03 Cluster 

Boring HC-G18 
(Dike) 

Hart Crowser 

Total Depth 
in feet 
below 

Ground Surface 

MW-OlA: 20.5 
MW-OlB: 120 
MW-OlC: 163 
MW-02A: 32 
MW-02B: 130 
MW-02C: 170 

MW-03A: 32 
MW-03B: 130 

MW-03C: 185 

82 

Depth to 
Top of Unit 

Material in feet below Top of Unit Elev. 
Type Ground Surface (Ross Island Datum) Material Description 

Drilling Pad Fill 0 .... - ---·-- 19 _ ... Br<:J~n,_~iltY San~_with loc.cil~ravel_ _ _ ___ _ 
Alluvium___ 17 _______ 2_ Very_dense,_gr<1y,_~ilflcJY~!~~I <lf1d ~ilty, _gr<1velly Sand 
Troutdale Formation 144 -125 Very dense, gray, cemented sandy Gravel 
Non-Port Fill 0 __ ____ _ 30 . __ , c:;ray_t()!J_r'_<:l\Vl1,_5ilt)l,_SilncJLc:;rav~~ silty_S_arid~ ?ilt, <lncJ sandy Gravel 
_ ___ _ _ _______ _ ___ }.}_______ _ _____ _?____ V~ryjense,_~ay~ilty,_~an_dy_Grav~I \Vi!ti_c.erri~n_.t.andlime debris 

Bonneville Rock? ____ 3_7_____ _ __ :! _____ \/~y_derise,_gray~~!y,_~ij_f1dy_9_~<}_\l!:l_al1_cJ?<1ncJ_\Vith angulilr basalt fragments 
Non-Port Fill ____ ~6 _____ _ -36 ___ __ Very_ci.en~~~r_ay_Sand and h.ci.rd Si!t w_itb._\Vt::l{).cJ_ilncJ l()C:Clf (;ravel . 
Alluvium_ ___________ ·----13~-------- ____ -----~~---- Very_cje_ns~cjar:_~_~rgwn,_~ilty SaricJ,_ san_cjy_c:;r<lvel, _and gra~elly?and 
Troutdale Formation 151 -121 Very dense, gray, cemented, gravelly Sand with quartzite fragments 
Non-Port Filf ___ _____ 0 ______ -~--- __ (;r.ciyt.c:i_r(;_d and__!i_rowri_Saf112-andy Gra\{~l_and Silt.___ _ _ _ _ __ _ 

Alluvium 20 
Troutdale Formation 171 
Dike Fill 0 

10 
Dense, gray, red, brown, and black, silty Sand, sandy Gravel, gravelly Sand, 
Sand, and Gravel with local cobbles 

~-------·---~--- -

-141 
22 

Very dense, black and green cemented Gravel 
Brown to gray, silty Sand, silty, sandy Gravel, and sandy Gravel with local 
cobbles 
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Table 5-4 - Geotechnical Sample Testing Summary 

Boring/Sample Subsurface Elevation Moisture Grain Size in Percent A!terberg Limits Specific 
--

No. Unit Interval Content Gravel Sand Silt Clay Fines LL PL Pl Gravity 

in Feet in% 

HC-GOl-S-5 Slough/Fill -134.5 to -136 21 29 59 12 

HC-G02-S-l 1 Cell 5 -88 to -90 36 34 2 

HC-G02-S-l 6/1 7 Comp. Cell S -100 to -107 37 6 25 52 17 69 44 28 16 2.63 

HC-G04-S-6 NP Fill -53 to -55 24 2 83 15 

HC-GOS-S-12 Cell 2 -33 to -34 28 1 89 10 
-

HC-GOS-S-16/17 /18 Comp. Cell 2 -43 to -49 45 0 53 33 14 47 2.67 

HC-GOS-S-20 Cell 2 -53 to -54 38 24 14 

HC-GOS-S-24 Cell 2 -63 to -64 43 29 14 
--

HC-G06B-S-7/8/9/l 0 Comp. Cell 3 -40 to -49 62 0 22 58 20 78 51 29 22 2.63 

HC-G068-S-12 Cell 3 -53 to -54 52 38 14 

HC-G07-S-2 NP Fill -16 to -19 30 20 47 33 
-

HC-G07 Comp. Cell 1 -26.5 to -50.5 40 1 57 29 13 42 
~---

HC-G08-S-l 5 Cell4 -45 to -46.5 44 3 91 5 1 6 
-- -------

HC-G09-S-2 Alluvium -104 to -105.5 3 55 36 9 
-~-

HC-GlO-S-8 Bonneville Fill -51 to -52.5 9 54 39 7 

HC-Gl l-S-2 Alluvium -106 to -107 4 88 8 4 

HC-Gl 2-S-4 NP Fill -56 to -57.5 33 0 86 14 

HC-G 12-5-11 NW Pipe -75 to -76.5 32 0 80 20 

HC-Gl 3A-S-4 Cell 5 -94 to -97 77 0 16 51 33 84 

HC-G14-S-4 NP Fill -83 to -84 40 31 9 
-
HC-Gl 6-S-4 NP Fill -73 to -74 36 35 1 
~-

HC-Gl 6-S-9 NP Fill -86 to -87 64 32 32 

HC-Gl 6-S-14 NP Fill -101 to -102 36 31 5 
--

HC-G18-S-2 Dike Fill 1 7 to 1 5.5 11 15 78 7 
-

HC-Gl 8-S-4 Dike Fill 7 to 5.5 2 97 3 0 

HC-MWl C-S-2 Upland Fill 10 to 8.5 34 0 58 42 
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Table 5-5 - Estimated Hydraulic Parameters at Ross Island Lagoon 

Range of Hydraulic Conductivity Estimates in cm/sec from Different Sources 

Hydrogeologic Unit Slug Tests (1) Grain Size Analyses (2) Literature Values (3) 

Fill and Non-Port Materials 0.06 to 0.22 <0.005 to 0.22 0.00004 to 0.35 

Bonneville Rock Not Measured Not Measured 0.10 to 10 

Native Alluvium 0.11 to 0.22 0.01 to 2.2 0.02 to 0.32 

Troutdale Formation 0.09 to 0.17 Not Measured 0.0009 to 0.007 

Hydrogeologic Unit Range of Specific Storage Estimates (4) 

Fill and Non-Port Materials 0.001 to 0.0001 

Bonneville Rock 0.0001 to 0.00005 

Native Alluvium 0.0002 to 0.00005 

Troutdale Formation 0.00007 to <0.000003 

( 1) Estimates from slug tests performed by Landau at upland wells. 
(2) Hydraulic conductivities estimated from grain size distributions using the Hazen method. 

(3) Literature values for conductivity estimates of the fill and non-Port materials and Bonneville Rock are from tabulated values for similar materials as 

reported in USGS (1989) Water-Supply Paper 2220. Literature values for conductivity estimates of the Native Alluvium and Troutdale Formation are from 

reported values for these aquifers in the Portland area in USGS (1996b) Water-Supply Paper 2470-B. 

( 4) Literature values for specific storage estimates are from Anderson and Woessner ( 1991). 
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Table 5-6 - Hydraulic Head Measurements at Selected River Stages 

River Stage 
Date and Time 

Rising High Falling Low 

1/21/2000 16:10 1/21/2000 17:46 1/21/2000 22:40 1/22/2000 3:34 
Measurement Location 

Lagoon 8.92 9.54 8.80 8.09 
MW-lA 9.03 9.58 9.12 8.54 
MW-18 9.15 9.73 9.12 8.48 
MW-lC 9.37 9.94 9.39 8.76 
MW-2A 8.88 9.19 9.18 NA 
MW-28 9.12 9.66 9.18 NA 
MW-2C 9.59 10.14 9.72 NA 
MW-3A 8.92 9.25 9.17 8.79 
MW-38 9.04 9.58 9.11 8.52 
MW-3C 9.44 10.03 9.50 8.88 

All measurements are in feet (Datum). 
NA No data available for given time and date. 
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Table 5-7 - Surface Water Quality Parameters 

Sample ID Location Date Sample Temp. Conductivity Dissolved Salinity Turbidity 
Depth in °C in Oxygen in in nephelo-
in Feet Microsiemens in mg/L ppt meters 

Surface Water Sampling Locations 
Willamette River 
Near S. End of 

HC-SWOl Island 12/7 /99 10 8.2 0.04 12.79 0 27.7 
HC-SW02 South Lagoon 12/6/99 10 9.5 42.2 10.16 NA 
HC-SW03 Central Lagoon 12/7/99 10 9.3 0.04 10.54 0 32.5 
HC-SW03 Central lagoon 12/7/99 20 9.3 0.04 10.48 0 
HC-SW03 Central Lagoon 12/7/99 30 9.3 0.04 10.40 0 
HC-SW03 Central Lagoon 12/7/99 40 9.3 0.04 10.80 0 
HC-SW03 Central Lagoon 12/7/99 50 9.3 0.04 10.88 0 
HC-SW03 Central Lagoon 12/7/99 60 9.3 0.04 10.57 0 33.7 
HC-SW03 Central lagoon 12/7/99 70 9.2 0.04 10.63 0 
HC-SW03 Central Lagoon 12/7/99 80 9.2 0.04 10.79 0 
HC-SW04 Northern lagoon 12/7/99 10 9.3 0.04 10.59 0 29.6 
HC-5W04 Northern lagoon 12/7/99 20 9.3 0.04 10.56 0 
HC-5W04 Northern Lagoon 12/7/99 30 9.4 0.04 10.54 0 
HC-5W04 Northern Lagoon 12/7/99 40 9.4 0.04 10.61 0 
HC-SW04 Northern lagoon 12/7/99 50 9.4 0.04 10.63 0 
HC-SW04 Northern lagoon 12/7/99 60 9.3 0.04 10.11 0 30.8 
HC-SW04 Northern Lagoon 12/7/99 70 9.2 0.04 10.89 0 
HC-5W04 Northern Lagoon 12/7/99 80 9.2 0.04 10.98 0 
HC-5W04 Northern Lagoon 12/7/99 90 9.2 0.04 10.98 0 
HC-SW05 Lagoon Entrance 12/7/99 10 9.2 0.04 10.94 0 31.3 
HC-5W05 lagoon Entrance 12/7/99 20 8.6 0.04 11.06 0 

Surface Sediment Sampling Locations 
Holgate Slough-
Downstream of 

HC-5502 lagoon Entrance 12/7/99 10 8.3 0.04 12.70 0 
Holgate Slough-
Upstream of 

HC-5503 lagoon Entrance 12/7/99 7 8.3 0.04 11.10 0 
HC-5506 Northern Lagoon 12/16/99 10 9.3 0.04 10.33 0 
HC-5506 Northern Lagoon 12/16/99 20 9.4 0.04 10.54 0 
HC-S506 Northern Lagoon 12/16/99 30 9.3 0.04 10.53 0 
HC-5506 Northern Lagoon 12/16/99 40 9.3 0.04 10.68 0 
HC-5506 Northern Lagoon 12/16/99 50 9.3 0.04 10.80 0 
HC-5506 Northern Lagoon 12/16/99 60 9.2 0.04 10.68 0 
HC-S506 Northern Lagoon 12/16/99 70 9.2 0.04 10.60 0 
HC-5506 Northern lagoon 12/16/99 80 9.2 0.04 10.84 0 
HC-S506 Northern Lagoon 12/16/99 90 9.2 0.04 10.59 0 
HC-5507 Central Lagoon 12/7/99 10 9.4 0.04 10.75 0 
HC-S507 Central Lagoon 12/7/99 20 9.3 0.04 10.90 0 
HC-S507 Central Lagoon 12/7/99 30 9.3 0.04 10.74 0 
HC-5507 Central Lagoon 12/7/99 40 9.3 0.04 11.02 0 
HC-S507 Central Lagoon 12/7/99 50 9.3 0.04 11.13 0 
HC-S507 Central Lagoon 12/7/99 60 9.2 0.04 10.89 0 
HC-5507 Central lagoon 12/7/99 70 9.2 0.04 11.04 0 
HC-5507 Central Lagoon 12/7/99 80 9.2 0.04 11.12 0 

Willamette River 
HC-5521 Near Toe Island 12/7/99 10 8.3 0.04 12.76 0 
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Tidal Monitoring Study Hydrographs 
MW-1 Monitoring Well Cluster 
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Tidal Monitoring Study Hydrographs 
MW-2 Monitoring Well Cluster, Second Monitoring Event 
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6.0 INVESTIGATION RESULTS-SURFACE SEDIMENT SAMPLE CHEMICAL 
ANALYSES AND BIO ASSAY TESTING 

This section presents the results of chemical analyses and bioassay testing of 

surface sediment samples collected for the Port's investigation at Ross Island. 

Sediment sampling activities are summarized in Section 4.0, with additional 

detail provided in Appendix B. Section 5.0 presents a physical description of the 

sediments and grain size data. The objectives of the surface sediment and 

bioassay testing program were to: 

.,,_ Evaluate the nature and extent of constituents in surficial sediments in Ross 

Island Lagoon, Holgate Slough, and adjacent portions of the Willamette 

River; and 

.,,_ Collect analytical and bioassay data of sufficient quality and quantity for use 

in the risk assessments for the Port's site investigation. 

6. 1 Key Conclusions 

Hart Crowser 
J-5792-07 

Surface Sediments. The surface sediment sampling program was successful in 

achieving the project objectives listed above. Specific data quality objectives for 

the analytical chemistry data were also met. The surface sediment sampling 

program included analytical results for samples collected by Hart Crowser from 

the Ross Island Lagoon (twenty-four samples), Holgate Slough (five background 

samples), Willamette River (four background samples), and Columbia River 

(three reference samples). In addition Landau Associates collected thirty-four 

surface sediment samples from the Ross Island Lagoon during previous projects 

under contract to RIS&G. 

Key conclusions from the Port's investigation include: 

.,,_ Six of the surface sediment samples collected in Ross Island Lagoon during 

the Port's investigation had concentrations of chemical constituents that 

exceeded one or more of the three sediment quality guidelines used to 

provide a weight of evidence evaluation of the potential risks (Figure 6-1 ). 

The sediment quality guidelines and the weight of evidence approach are 

discussed below, including a lagoon-wide statistical evaluation of 

constituents detected from the combined sets of Hart Crowser and Landau 

samples . 

.,,_ Organic chemical constituents associated with the Port confined dredged 

materials were infrequently detected in surface sediments. Metals 
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associated with the Port confined dredged materials, while frequently 

detected, were rarely present at elevated concentrations in sediment 

samples. Only one location in the southeastern part of the lagoon (Sample 

HC-SS22) contained metals concentrations (mercury) exceeding sediment 

quality guidelines. 

~ Of the fifty-nine constituents for which sediment quality guidelines are 

available, only four constituents exceeded one or more of the sediment 

quality guidelines. Three of these constituents were mercury, Aroclor 1254 

(PCB), and total PCBs. These constituents are routinely found in industrial 

areas and are not unique to the Port's dredged materials. The fourth 

constituent, benzyl alcohol, is not associated with the Port's dredged 

materials and is indicative of another source. Benzyl alcohol was not 

detected in pre-dredge samples or in composite samples of the Port's 

dredged material from the containment cells. 

~ The low concentrations of organic and inorganic constituents detected in 

surface sediment samples and the low numbers of sediment samples and 

constituents that exceed sediment quality guidelines indicate relatively good 

surface sediment quality of Ross Island Lagoon and adjacent areas. 

~ While there may be isolated, localized areas of the lagoon that exhibit 

elevated concentrations of constituents; there was no wide spread 

contamination detected in the surface sediments of the lagoon. 

Sediment Bioassay Testing. Bioassay toxicity testing was conducted on a subset 

of eleven of the Hart Crowser surface sediment samples from Ross Island 

Lagoon and Holgate Slough to evaluate potential direct contact risks to benthic 

organisms. Landau Associates conducted bioassay testing on one additional 

sample from Ross Island Lagoon where benzyl alcohol was detected (Sample 

HC-SS6). Key conclusions from the bioassay testing program are: 

~ All bioassay testing results met data quality objectives established for the 

Port's site investigation and were determined to be of suitable quality for use 

in the risk assessments described in Section 11.0 of this report. 

~ Four of the twelve test sediments failed the interpretive criteria established 

for bioassay testing. These four samples were located in nearshore areas of 

Ross Island Lagoon as identified on Figure 6-4. Other test sediment samples 

passed bioassay testing. 

~ Three of the test sediments that failed bioassay testing (HC-SS20, HC-SS22 

and HC-SS26) contained high levels of ammonia as well as high pH in the 
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6.2 Overview 
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interstitial water. Additionally, the interstitial water pH of 8.3 for test 

sediment HC-SS 16 was elevated compared to the other test sediments, and 

the measured overlying water pH of 8.0. Ammonia is recognized as an 

important, non-contaminant-related confounding factor in sediment 

bioassays, and the proportion of the most toxic form of ammonia (unionized 

ammonia NH 3) increases with increasing pH. The presence of these 

potentially confounding factors indicates that the toxicity observed in the 

samples failing bioassay testing is likely caused by regional environmental 

factors rather than the chemical constituents detected in the sediment 

samples. The potential influence of confounding factors is discussed in 

greater detail in this section and in the ecological risk assessment (Section 

11.0) . 

.,.. Bioassay results indicate limited impacts to the surface sediments of Ross 

Island Lagoon (Figure 6-4). 

Thirty-eight surface sediment samples, which includes twenty-three samples 

within the Ross Island Lagoon, eight samples in the Willamette River and 

Holgate Slough, three Columbia River reference samples, and four quality 

assurance/quality control (QA/QC) samples (field duplicates) were collected and 

analyzed according to the specifications in the Final Work Plan and Addendum. 

In addition, four rinsate blank samples were analyzed. Sampling locations are 

identified on Figure 6-2 along with chemical analysis results of selected 

constituents. For reference purposes, locations of surface sediment samples are 

referred to as northern, central, or southern lagoon, Holgate Slough and 

Willamette River background, or Columbia River reference. Figure 6-3 identifies 

the Columbia River reference sample locations, and Figure 6-4 summarizes the 

results of bioassay testing. 

Sediment chemical analyses were conducted by Columbia Analytical Services 

(CAS) of Kelso, Washington, based on protocols described in the Final Work 

Plan and Addendum. These samples were analyzed for conventional 

constituents, metals, pore water tributyltin (TBT), semivolatile organic 

compounds (SVOCs) including polycyclic aromatic hydrocarbons (PAHs), total 

petroleum hydrocarbons (TPH), DDT, PCB, and volatile organic compounds 

(VOCs). A statistical summary of chemical analysis results is presented in Table 

6-1, with a complete listing of compiled analytical results presented in Table A-1 

in Appendix A (on a dry weight basis). Laboratory reporting documentation is 

available through the Port of Portland. Sediment bioassays were conducted by 

Northwestern Aquatic Sciences (NAS) of Newport, Oregon. Testing results are 
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summarized in Tables 6-3 through 6-6, with NAS laboratory testing 

documentation presented in Appendix F of Volume II. 

Additional surface sediment chemistry data are incorporated from the April 1999 

sampling of the Cell 5 breach capping area (Landau, 1999d), and from the 

October 1999 lagoon clear zone sampling (Landau, 2000a). 

6.3 Sampling and Analysis Objectives 

Analytical data from sediment chemical analyses and bioassay testing of Hart 

Crowser samples were used to meet the following project objectives: 

II>- Evaluate the nature and extent of chemical constituents in surficial sediments 

in Ross Island Lagoon, Holgate Slough, and adjacent portions of the 

Willamette River; and 

II>- Collect analytical and bioassay data of sufficient quality and quantity for use 

in the risk assessments for the Port's site investigation. 

Sampling and analysis results are used to assess potential contaminant migration 

pathways from Port confined dredged material (Section 10.0) and risk 

assessment issues (Section 11.0). The sampling and analysis program was 

refined based on comments received from DEQ and TAP members during 

development of the project work plan. Changes made to the work plan scope 

based on DEQ and TAP comments included changes to the surface sediment 

sampling locations and inclusion of TPH analysis in the laboratory testing 

program. 

6.4 Surface Sediment Chemistry Results 

Hart Crowser 
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This section presents the chemistry results and summary statistics for the surface 

sediment samples, as well as the bioassay results. Duplicate samples, which are 

collected to determine the precision of field methods, were not included in the 

summary statistics. An evaluation of the duplicate sample data is included in the 

data validation that was performed by Hart Crowser. These data, and the data 

validation report are presented in Appendix A - Data Validation Summary and 

Compiled Chemical Analytical Data. Table 6-1 presents the statistical analyses of 

chemistry results for the surface sediment samples, including detection 

frequencies, concentration ranges, and maximum concentrations and locations 

for each analyzed constituent. 
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To provide a weight of evidence approach for evaluating sediment quality, 

surface sediment data were compared to the following three applicable 

sediment quality guidelines: 

.,.. Lower Columbia River Management Area (LCRMA) Screening Levels 

(LCRMA, 1998); 

.,.. Washington State Freshwater Sediment Quality Values (FSQV) (Washington 

State Department of Ecology, 1997); and 

.,.. Environment Canada Probable Effects Level (PEL) (Environment Canada, 

1994). 

These sediment quality guidelines were selected because currently, neither DEQ 

nor EPA have developed sediment quality criteria for assessing sediment quality. 

These three sediment quality guidelines represent either regional freshwater 

sediment screening levels (LCRMA and Washington State FSQV), or are national 

freshwater sediment quality guidelines (Environment Canada PELs). The 

rationale for the selection of each of the sediment quality screening levels is 

provided below. 

Lower Columbia River Management Area Screening Levels. These sediment 

quality values were adopted by U.S. Army Corps of Engineers (Corps), EPA 

Region 10, Washington State Department of Ecology (Ecology), Oregon DEQ, 

and the Oregon State Department of Natural Resources to evaluate the quality 

of proposed freshwater dredge material for open water disposal. These values 

have been used to guide the determination of whether dredged material for 

disposal were of sufficient quality to be placed in an open-water setting, or 

required confined, in-water disposal facilities. These sediment quality values are 

used to assess the potential risk associated with contaminated sediment, and are 

similar to criteria previously considered by regulatory agencies to determine the 

suitability of disposing of the Port's dredged material in Ross Island Lagoon. 

These screening values are therefore appropriate for use for the Port's 

investigation. It should be noted that these screening levels were originally 

developed based on impacts to marine organisms. 

Washington State Freshwater Sediment Quality Values. These sediment quality 

criteria were developed by Ecology as a preliminary effort to establish sediment 

quality guidelines similar to the established guidelines that the State of 

Washington has for marine sediments. These freshwater sediment quality values 

were developed from a regional database using data from Washington State and 

from the Willamette River. These criteria represent concentrations above which 
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there is a potential for adverse impacts to benthic organisms. Therefore, these 

sediment quality criteria are applicable for use in the Port's investigation. 

Environment Canada Probable Effects level. These sediment quality 

benchmarks are intended to be used by the Canadian government as tools for 

evaluating sediment quality. For this effort, a biological effects database for 

sediments was developed to derive sediment quality assessment values for 

freshwater sediments. Chemical and biological data were compiled and 

evaluated from numerous studies conducted in freshwater sediments throughout 

North America. Sediment PELs were derived to estimate concentrations of 

chemicals above which adverse biological effects frequently occurred. Sediment 

PELs were developed based on a large database for freshwater sediments and 

are therefore applicable for use in the Port's investigation. 

Weight of Evidence Approach 

A weight of evidence approach was used to screen the sediment analytical data 

for the Port's investigation because DEQ does not currently have, nor recognize 

any single set of sediment quality screening levels. A weight of evidence 

approach allows separate lines of evidence (in this case three separate 

freshwater screening levels) to be integrated to benefit from the strengths of 

each approach. This approach also ensures that if a screening level for a given 

chemical constituent is determined to be insensitive or inaccurate for identifying 

potential risk, there are two other sets of criteria available. For this evaluation, 

constituent concentrations were designated as "exceedences" if they were 

detected above any of the three sediment screening criteria. The use of 

sediment screening levels was discussed with DEQ and the TAP during the 

development of the project work plan. Sediment screening levels and 

bioaccumulation potential were further addressed in response to DEQ and TAP 

comments on the July 20, 2000, Draft Site Investigation Report. 

Statistical information and comparison to screening criteria, including 

exceedence statistics (frequency of exceedence and enrichment ratio), are 

presented in Table 6-1. A complete compilation of the analytical data is 

presented in Table A-4 in Appendix A. 

To further evaluate surface sediment quality in the lagoon, the mean 

concentration of the detected constituents was estimated by calculating the 90 

percent Upper Confidence Level (UCL) based on the arithmetic mean. DEQ 

uses the 90 percent UCL in both human health and ecological risk assessments 

to calculate an upper-bound estimate of the arithmetic mean concentration of a 

constituent in an environmental medium (DEQ, 1998a and 1998b). The 90 

percent UCL was calculated assuming a log-normal distribution of the analytical 
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data. The 90 percent UCL estimates are provided in Table 6-2 and are 

compared against the three sediment screening criteria to provide a preliminary 

assessment of lagoon-wide sediment quality. 

6.4. 1 Chemical Data Quality Review 

Hart Crowser sediment chemistry data were subject to a data quality review as 

summarized below and presented in more detail in Appendix A. Following 

completion of laboratory chemical analyses, CAS submitted contract laboratory 

program (CLP)-equivalent data packages for validation by Environmental 

Synectics (Synectics) of Sacramento, California. The data packages and the 

validation reports were further reviewed by Hart Crowser. 

Data validation tasks were completed in accordance with the project Quality 

Assurance Project Plan (QAPP) (Appendix E of the Final Work Plan) and 

Addendum, specific method requirements, and EPA Data Validation Functional 

Guidelines (EPA, 1994a and 1994b). Data qualifiers used in Table 6-1 and in the 

Appendix A data compilation are based on the EPA Data Validation Functional 

Guidelines. Appendix A should be referred to for additional information 

regarding project-specific data quality and analytical quality control objectives. 

Review Findings. Based on review of the data as presented in Appendix A, the 

overall project data quality objectives (DQOs) were met, as set forth in the 

QAPP. Data for this project are acceptable for use as qualified, except for five 

SVOC results that were rejected based on low surrogate recoveries. The low 

surrogate recoveries resulted from matrix interference. These data are not 

included in the analysis presented below. The small number of rejected results is 

not considered to affect the overall acceptability of the data. The completeness 

for the associated data is greater than 99 percent. 

The sample detection limits of two SVOCs (hexachlobenzene and 

pentachlorophenol) were elevated above regulatory screening levels in the 

HC-REF B sediment sample collected in the Columbia River. There were no 

detectable concentrations of any other organic compounds analyzed, and the 

HC-REF B sample met the performance criteria for reference bioassay sediments. 

Therefore, the elevated detection limits of the two SVOCs identified had no 

impact on the results of this site investigation. Also, the detection limits for these 

SVOCs were all below regulatory screening levels for all samples collected from 

Ross Island Lagoon, Holgate Slough, and the Willamette River. 

The sample detection limits of ten TBT results were elevated above the detection 

limit goals, as a result of low sample volume, but were still below the screening 

level criteria. PCB Aroclor 1254 detection limits for surface sediment samples 
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met the detection limit lowest practical goals that the laboratory could establish, 

but were above the most conservative of the three screening criteria. In general, 

the elevated detection limits affect less than 2 percent of the surface sediment 

data for any given chemical. In Hart Crowser's opinion, these limited 

occurrences do not represent a problem in achieving the DQOs established for 

the Port's investigation. 

6.4.2 Analytical Results-Southern Lagoon Samples 

Copper, lead, mercury, nickel, silver, and zinc were detected in the southern 

lagoon samples (HC-5516, HC-5517, HC-5518, HC-5519, HC-5520, HC-5522, 

HC-5523, and HC-5525) collected from the shallow bench area at the southern 

end of the Ross Island Lagoon. Concentrations of detected metals were below 

LCRMA, F5QV, and PEL criteria except for mercury, which was detected in 

sample HC-5522 (0.8 mg/kg), above the three screening criteria considered 

(LCRMA, F5QV, and PEL). The enrichment ratio (ER) (concentration in sample 

divided by the screening criteria) based on LCRMA and F5QV (the screening 

criteria with the lowest mercury values) was 2. 

Pore water TBT was detected in two of the southern lagoon samples {HC-5517 

and HC-5520) at concentrations below LCRMA criteria. Concentrations of 

detected low molecular weight PAHs (LPAHs) and high molecular weight PAHs 

(HPAHs) were below the three screening criteria. Aroclor 1242 was detected in 

sample HC-5520 {130 ug/kg); concentrations of total PCBs in this sample were 

above the F5QV and LCRMA criteria. The ER based on F5QV (the screening 

criteria with the lowest total PCB value) was 6.2. Aroclor 1254 was detected in 

sample HC-5516 at a concentration of 11 ug/kg, just above the F5QV criterion 

(ER= 1.5). Aroclor 1260 was detected in sample HC-5522 ( 116 ug/kg); 

concentrations of total PCBs in this sample were above the F5QV criterion 

(ER = 5.5). These exceedence were the only ones identified for all of the 

co_nstituents and samples collected by Hart Crowser in the southern lagoon. 

In summary, of the eight surface sediment samples collected in the southern 

lagoon, four along the nearshore edge contained constituents at concentrations 

that exceeded sediment screening levels. 

6.4.3 Analytical Results-Central Lagoon Samples 

Cadmium, copper, lead, nickel, silver, and zinc were detected in samples 

(HC-5507, HC-5508, HC-5509, HC-5510, HC-5511, HC-5512, HC-5513, HC-5514, 

HC-5515, HC-5526, and HC-5534) collected from the central lagoon. 

Concentrations of detected metals were below LCRMA, F5QV, and PEL criteria. 

Benzyl alcohol was detected in sample HC-5526 at a concentration of 160 
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ug/kg. This concentration was above the LCRMA screening criterion (ER = 2.8). 

Aroclor 1254 was detected in sample HC-SS 13 at a concentration of 1 7 ug/kg, 

slightly in excess of the FSQV screening criterion (ER of 2.3 ). However, benzyl 

alcohol was not identified in any of the Port's confined dredged material placed 

in Ross Island Lagoon. 

In summary, of the eleven sediment samples obtained in the central part of the 

lagoon, two had a single exceedence of one sediment screening criteria. One 

sample was obtained in the nearshore shallow water zone and the other was 

obtained in the vicinity of the Cell 5 mining breach. 

6.4.4 Analytical Results-Northern Lagoon Samples 

Copper, lead, nickel, silver, and zinc were detected in samples (HC-SS04, 

HC-SS05, HC-SS06, and HC-SS28) collected from the northern lagoon. 

Concentrations of detected metals were below the three screening criteria. No 

samples collected from the northern part of the lagoon contained chemical 

constituents that exceeded any of the three screening criteria. 

6.4.5 Analytical Results-Holgate Slough and Willamette River Samples 

Five samples were collected from Holgate Slough near the entrance to Ross 

Island Lagoon, upstream and downstream of the lagoon entrance, and toward 

the upstream end of Hardtack Island (Figure 6-1 ). One sample from the adjacent 

reach of the Willamette River was also collected near the upstream end of Ross 

Island. Two samples, HC-SS32 and HC-SS33, (not shown on the figure), were 

collected approximately three-quarters of a mile upstream in the Willamette 

River. Copper, lead, nickel, silver, and zinc were detected in the samples 

(HC-SS02, HC-SS03, HC-SS24, HC-SS30, and HC-SS31) collected from Holgate 

Slough. Concentrations of detected metals were below LCRMA, FSQV, and PEL 

criteria. Aroclor 1254 was detected at a concentration of 12 ug/kg, just above 

the FSQV criterion in sample HC-SS03 (ER= 1.6). 

Copper, lead, nickel, and zinc were detected in the samples (HC-SS29, HC-SS32, 

and HC-SS33) from the Willamette River. Concentrations of detected metals 

were below the sediment screening criteria. 

In summary, only one sample (HC-SS03) collected from Holgate Slough 

contained chemical constituents that exceeded one of the sediment quality 

guidelines. This sample was located immediately downstream of a City of 

Portland combined sewer overflow discharge pipe located on the east bank of 

Holgate Slough (not shown on site figures). 
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6.4.6 Analytical Results-Columbia River Reference Samples 

Three reference samples (HC-REF A, HC-REF B, and HC-REF C) were collected 

downstream of the confluence of the Willamette and Columbia Rivers (Figure 

6-3). These samples were collected for use during bioassay testing. The 

locations of the reference samples were selected based on sediment bioassay 

testing for previous Port projects. These previous projects included a remedial 

investigation at Terminal 4, Slip 3, and dredge material characterization studies 

conducted at Terminal 2 and Terminal 4. There are currently no established 

reference sediment locations identified by DEQ in the Lower Willamette River. 

Constituents detected in reference sediment samples were below corresponding 

sediment screening criteria with the exception of Aroclor 1248 that was · 

detected in sample HC-REF Cat a concentration (56 ug/kg) above the FSQV 

screening criterion (ER = 2.7). This finding was unexpected, as previous 

analytical results on reference sediment collected from this area had no detected 

concentrations of PCBs. 

6.4. 7 Preliminary Assessment of Overall Lagoon-Wide Sediment Quality 

To provide a preliminary assessment of lagoon-wide sediment quality, an 

estimate of the mean concentration of the detected constituents was estimated 

by calculating the 90 percent UCL of the arithmetic mean. This estimate of the 

arithmetic mean was conducted using a data set that included the Hart Crowser 

and Landau surface sediment samples discussed in this section. The 90 percent 

UCL for all detected constituents in Ross Island Lagoon is presented in Table 6-2 

and was compared against the three sediment quality criteria to provide a 

weight of evidence approach for evaluating potential ecological risks. This 

analysis was conducted to provide a preliminary statistical perspective of the 

mean constituent concentrations in surface sediments. A more comprehensive 

evaluation of direct contact risks to benthic organisms was conducted as part of 

the ecological risk assessment discussed in Section 11.0. The data set used to 

calculate the 90 percent UCL included sampling areas that contained elevated 

concentrations of constituents (e.g., southern lagoon), and also from areas where 

contaminated sediments were not expected (e.g., northern area and central 

lagoon). 

Of the 59 constituents for which sediment screening criteria are developed, the 

90 percent UCL was below the sediment quality guidelines for 58 of those 

constituents. Aroclor 1254 was the only constituent for which the 90 percent 

UCL exceeded sediment screening criteria. As presented in Table 6-1, Aroclor 

1 254 was detected in only three of thirty-four samples collected by Hart 

Crowser, and in eight of forty-one samples collected by Landau for a total 

detection frequency of 14.6 percent. 
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In summary, only one of the 90 percent UCL estimates of constituent 

concentrations exceeded sediment quality screening criteria, and Aroclor 1254 

was infrequently detected. These findings indicate that the overall chemical 

quality of surface sediments in Ross Island Lagoon is not resulting in adverse 

impacts to the benthic community present within Ross Island Lagoon. Results of 

an additional, focused analysis of the potential for bioaccumulation at one 

location of the lagoon near disposal Cell 3 are described in Appendix I and 

summarized in Section 11.0. 

6.5 Bioassay Testing Results 

Hart Crowser 
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This section summarizes the results of sediment bioassay testing for surface 

sediment samples collected within and adjacent to Ross Island Lagoon. Bioassay 

testing was conducted on surface sediments to evaluate the direct contact 

exposure pathway to benthic organisms as part of the ecological risk assessment 

for the project (Section 12.0). Samples selected for bioassay testing and results 

are identified on Figure 6-4, based on the rationale discussed below. 

6.5.1 Testing Overview 

The surface sediment bioassays were conducted and interpreted in accordance 

with the protocols and criteria presented in the Final Work Plan. The bioassay 

test protocols are in accordance with applicable regional guidance (LCRMA, 

1998) and national guidance (EPA, 1994c). The following three bioassays were 

conducted on eleven test sediments and three reference sediments collected 

during this site investigation: 

~ Acute 10-Day Amphipod Survival Test (Hyale//a azteca); 
~ Acute 10-Day Midge Survival Test (Chironomus tentans); and 

~ Chronic 10-Day Midge Growth Test (Chironomus tentans). 

The freshwater sediment bioassay tests selected for use in the Port's 

investigation were selected from a very limited set of established freshwater 

sediment bioassays available (EPA, 2000a). These bioassays were selected 

because they have established interpretive criteria (LCRMA, 1998) and have 

been used for previous sediment bioassay testing within the Willamette River 

(Hart Crowser, 1999c). The use of these specific sediment bioassays was 

discussed with DEQ and the TAP during development of the project work. 

The test sediment samples were collected by Hart Crowser between November 

16 and 18, 1999, and were stored in the dark, under nitrogen at 4°C by CAS 

until the sediments were shipped to the NAS laboratory for bioassay testing. 
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NAS received the test sediments on December 20, 1999. The amphipod tests 

were initiated on December 31, 1999, and the midge tests were initiated on 

December 28, 1999. The sediment bioassay report from NAS is included in 

Appendix F of th is report. 

6.5.2 Reference Samples 

Three Columbia River reference sediment samples, HC-REF A, HC-REF B, and 

HC-REF C, were collected at the locations shown on Figure 6-3. These samples 

contain a range of fine-grained material (the sum of the silt and clay components 

of sediment), and are used as a point of comparison to identify potential 

contaminant-related effects of the test sediments. 

The reference sediment selected for comparison with each test sediment was 

based on grain size characteristics of the sediment. In accordance with 

American Society for Testing and Materials (ASTM) and EPA guidance, reference 

sediments are selected for comparison with test sediments that have grain size 

characteristics closest to those of the particular reference sediment. For the 

purpose of this series of sediment bioassays, the percent fines (the sum of the silt 

and clay components) of the test sediments were matched as closely as possible 

with the available reference sediments. 

Hart Crowser collected sediment reference samples at the same Columbia River 

location for two recent Port projects. These project included the Terminal 2 

Berth 203-206 Dredged Material Characterization Study in 1998 (Hart Crowser, 

1999c), and the Terminal 4, Slip 3 Remedial Investigation in 1999 (Hart Crowser, 

2000). Although samples previously collected at the reference location for these 

previous Port projects did not contain contaminants, PCBs and HPAHs were 

detected in the HC-REF C sample for the Ross Island investigation, indicative of 

transient conditions within the river system. PCB levels (Aroclor 1248) were 

ab_ove the Washington State FSQV. Therefore, to avoid potentially confounding 

factors in the reference sediment related to these constituents, a blended 

sediment sample (HC-REF D) was created from HC-REF A and HC-REF B to 

provide a reference sediment containing a moderate percentage of fines. 

Neither sample HC-REF A nor HC-REF B contained detectable concentrations of 

chemical constituents. 

Negative Control Samples 

The negative control sediments for these bioassays were collected on December 

2 7, 1999, from an area adjacent to the Highway 101 Bridge at Beaver Creek, 

approximately 8 miles south of Newport, Oregon. Negative control sediments 

are used to check laboratory performance. 
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The bioassay results from both the reference sediments and negative control 

sediments were carefully evaluated against established performance control 

criteria to ensure that these sediments and data were of suitable quality for use 

in the risk assessment. Details of the QA/QC evaluation are summarized below, 

and provided in Appendix A. 

6.5.3 Sample Selection for Bioassay Testing 

The objective of the risk assessment activities for this site investigation is to 

assess risks associated only with exposure to contamination related to the Port's 

confined dredged material disposals. Because of holding time limitations, it was 

not possible to complete both the chemical analysis and fate and transport 

modeling needed to determine which of the collected sediment samples could 

be related to a potential migration pathway related to the Port's historical 

disposals. Instead, a subset of surface sediment samples spatially distributed 

within and adjacent to the lagoon was selected for bioassay testing. 

Sediment samples for bioassay testing were also selected based on comparison 

of the analytical chemistry results against the established LCRMA, FSQV, and PEL 

regulatory screening criteria. The surface sediment samples containing 

concentrations of chemical constituents exceeding these criteria were assessed 

relative to location within the lagoon, and the relative concentrations of the 

detected constituents. 

Selection Criteria 

Based on the above considerations, and as presented in the Final Work Plan and 

Addendum, sample selection criteria included: 

Iii- Identifying sediment samples with elevated chemical constituents in areas of 

the lagoon where Port confined dredged materials could have been 

potentially released; and 

Iii- Identifying samples that capture a range of constituent concentrations to 

assist in developing a dose-response relationship to adverse benthic effects. 

The objective of establishing a dose-response relationship was previously 

considered for the field program. This was done in anticipation that a range of 

concentrations of Port-related constituents would be detected in sufficient 

samples to establish a dose-response relationship to measurable benthic effects. 

However, laboratory analyses of the surface sediment samples indicated only 
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limited detections of Port-related constituents, and only a few exceedences of 

screening criteria. 

Once the analytical chemistry results were available, it became apparent that 

some of the assumptions presented in the Final Work Plan and Addendum were 

not borne out by the chemistry results. A meeting was held with DEQ and 

Landau on December 1 5, 1999, to discuss the selection of appropriate sediment 

samples for bioassay testing based on the preliminary chemical analysis results 

and the spatial distribution of available sediment samples. In addition, the 

selection process and preliminary bioassay results were presented and reviewed 

by the TAP during the February 15, 2000, meeting at the DEQ offices in 

Portland. Sediment samples were selected for bioassay testing as a result of the 

discussion at this meeting. The rationale for selecting each sediment sample for 

bioassay testing are presented below: 

~ HC-5522. Mercury exceedence of the three regulatory screening criteria, 

and maximum detected concentration of PAHs; 

~ HC-5515. Maximum detected concentration of inorganic constituents; 

~ HC-5520. Maximum detected concentration of PCBs and moderate 

concentrations of PAHs; 

~ HC-5517. Elevated concentrations of inorganic constituents and maximum 

detected pore water TBT; 

~ HC-5513. Total PCB concentration above FSQV screening level; 

~ HC-5518. Moderate concentrations of PAHs; 

~ HC-5516. Moderate concentrations of PAHs; 

~ HC-5528. Representative of ambient conditions in northern lagoon; 

~ HC-5503. Holgate Slough background sample; 

~ HC-5502. Holgate Slough background sample; 

~ HC-5506. Representative of ambient conditions in northern lagoon; 

~ HC-REF A. Low percent fines reference sample, Columbia River; 

~ HC-REF B. High percent fines reference sample, Columbia River; and 
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..,.. HC-REF D. Moderate percent fines reference sample blended from 

HC-REF A and HC-REF 8. 

6.5.4 Interpretive Criteria 

The sediment bioassay results were interpreted in accordance with the 

interpretive criteria presented in the LCRMA Guidance Document (LCRMA, 

1998), and in the Final Work Plan and Addendum approved by the TAP and 

DEQ. The response of bioassay organisms exposed to a test sediment was 

compared to the response of these organisms in both control and reference 

sediments. This comparison determines whether the test sediment sample 

passes or fails the sediment bioassays. 

Biological test interpretation relies on two levels of observed response in the test 

organism. These are known as "one-hit" and "two-hit" criteria failures. The 

bioassay-specific guidelines for each of these response categories are listed 

below. In general, a one-hit failure is a marked response in any one biological 

test. A marked response in comparison to the reference sediment in any one of 

the three sediment bioassays will result in the test sediment failing bioassay 

analyses. A two-hit failure exhibits a lower intensity response that must be 

present in two or more biological tests for the test sediment to fail bioassay 

analyses. 

One-Hit Criteria 

When one of the three biological tests shows a test sediment response relative 

to the reference sediment that exceeds the bioassay-specific response guidelines 

(presented below), and if that response is "statistically different" from the 

reference, the test sediment is judged to have failed the bioassay. The method 

for determining statistical significance is presented below. 

In accordance with the LCRMA, the bioassay-specific response guidelines for 

evaluating the "one-hit criteria" are as follows: 

Amphipod Bioassay. Mean test mortality is greater than 15 percent over the 

mean reference response and is statistically different from the reference 

(alpha= 0.05); and 

Midge Bioassay. Mean mortality in the test sediment is 20 percent over 

reference and statistically different from reference (alpha= 0.05). For the growth 

test, a mean biomass is achieved that is less than 60 percent of the reference 

sediment response and statistically different from the reference (alpha= 0.05). 
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Two-Hit Criteria 

When two of the three biological tests show test sediment responses that are 

less than the bioassay specific guidelines noted above for a one-hit failure, but 

are shown to have a "statistically different response" from the reference 

sediment, the test sediment is judged to have failed the bioassay. A 

"statistically" significant response is defined in LCRMA ( 1998) as a response that 

is statistically different (alpha= 0.05) from that of reference sediment and having 

a response that is greater than 20 percent different from that of the negative 

control. 

6.5.5 Data Quality Review 

A data quality review of the confirmatory sediment bioassays was conducted to 

ensure the results of the sediment bioassays were of sufficient quality for use in 

this Site Investigation Report. The bioassay data quality review is included as 

Appendix K of this report. 

The following criteria were evaluated as part of this data quality review: 

.,.. Holding times; 

.,.. Bioassay performance in negative control and reference sediments; 

.,.. Bioassay performance in positive control tests; and 

.,.. Bioassay test conditions. 

For these sediment bioassays, interstitial ammonia-N and sulfide were measured 

on the bulk sediment taken directly from sample jars prior to bioassay setup. 

The temperature, dissolved oxygen, conductivity, pH, hardness, alkalinity, and 

ammonia-N were measured in the overlying water of one replicate test container 

per treatment on days 0 and 10 of the test. Temperature and dissolved oxygen 

were measured daily in the overlying water of one replicate test container per 

treatment. Laboratory performance in the sediment bioassays was evaluated 

against performance criteria provided in the LCRMA, EPA, and ASTM guidance 

documents. 

Amphipod Bioassay 

The amphipod bioassay was successfully completed with no protocol deviations. 

Dissolved oxygen measurements in overlying water of the test chambers were 

acceptable by ASTM criteria. The temperatures recorded for the test chambers 

were within the ASTM-specified range of 23 :t 1°C with the exception of one 

beaker on Day 10, which was measured at 21.8°C. The EPA test acceptability 
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standard for hardness, alkalinity, pH, and conductivity in overlying water is that 

these parameters should not vary by more than 50 percent during the test (EPA, 

2000a). For pH, the units are provided in log scale and must be normalized to 

determine a 50 percent difference over the course of the bioassay. The test 

chambers met this acceptability standard for these parameters with the 

exception of the test chamber from HC-5516, which varied between pH of 8.9 

at Day 0, 7.6 at Day 5, 8.3 at Day 7, and 8.3 at Day 10. 

Measured pH in overlying water was consistently higher in three test treatments 

(HC-5516, HC-5520, and HC-5522) than in the other test treatments. The 

measurement of interstitial water pH and ammonia-N (NH 3-N) at test initiation 

indicated that these samples had the highest measured interstitial water pH 

(HC-5516, pH = 8.3; HC-5520, pH = 9.7; and HC-5522, pH = 10.2) and that two 

of these samples had elevated ammonia levels in interstitial water (HC-5520, 

NH 3-N = 6.0 mg/Land HC-5522, NH 3-N = 13.0 mg/L). 

The reference toxicant test 96-hour 50 percent Lethal Concentration (96-h LC50) 

was within the laboratory's control chart warning limits. The mean survival in the 

negative control for this bioassay was acceptable by LCRMA standards. Mean 

survival in reference sediments HC-REF A, HC-REF B, and HC-REF D met LCRMA 

performance criteria and the reference sediments are acceptable for use by 

LCRMA standards. 

Midge Bioassay 

The midge bioassay was successfully completed with no protocol deviations. 

Dissolved oxygen measurements in overlying water of the test chambers were 

acceptable by A5TM criteria. The temperatures recorded for the test chambers 

were within the A5TM-specified range. The EPA test acceptability standard for 

hardness, alkalinity, pH, and conductivity in overlying water is that these 

p~rameters should not vary by more than 50 percent during the test. The test 

chambers met this acceptability standard for these parameters with the 

exception of the test chambers from HC-5520 and HC-5522, with measured pH 

of overlying water of 8.6 and 8.9 at Day 0, 7.9 and 7.8 at Day 8, 8.6 and 8.0 at 

Day 10. 

Measured pH in overlying water was consistently higher in two test treatments 

(HC-5520 and HC-5522) than in the other test treatments. The measurement of 

interstitial water pH and ammonia-N at test initiation indicated that these 

samples had the highest measured interstitial water pH (HC-5520, pH = 9.7 and 

HC-5522, pH = 10.2) and had elevated ammonia levels in interstitial water 

(HC-5520, NH 3-N = 6.0 mg/Land HC-5522, NH 3-N = 13.0 mg/L). Additionally, 

the interstitial water pH of 8.3 for test sediment HC-5516 was elevated 
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compared to the other test sediments, and the measured overlying water pH of 

8.0 at Day 10 was the same as that measured for HC-SS22, which was the 

second highest measured concentration at test termination. 

The reference toxicant test 96-h LC50 was within the laboratory's control chart 

warning. The mean survival in the negative control met the performance criteria 

and was acceptable by LCRMA standards. Mean survival in reference sediments 

HC-REF A, HC-REF B, and HC-REF D met LCRMA performance criteria and all 

reference sediments are acceptable for use by LCRMA standards. In addition, 

the mean individual control weight of 1.33 mg was greater than the minimum 

weight of 0.6 mg required by the LCRMA for the growth endpoint bioassay. 

Final QA Determination 

The amphipod (Hya/le/a azteca) and midge (Chrinomus tentans) data are of 

acceptable quality and fully usable. However, the high ammonia levels in 

interstitial water and high pH of interstitial water and overlying water in samples 

HC-SS20 and HC-SS22 add uncertainty to the interpretation of these sediment 

sample results. 

6.5.6 Interpretation of Bioassav Results 

The results of the acute amphipod and acute and chronic midge bioassays are 

presented in Tables 6-3 through 6-6. These tables list the sediment samples 

tested, the corresponding reference sediment samples (based on similar grain 

size), the test endpoint, comparison with the one-hit and two-hit interpretative 

criteria, and the overall results of whether the test sediment passed or failed the 

biological effects interpretive criteria. The comparative grain size data and the 

reference sediments that were compared against test sediments are provided in 

Table 6-6. 

Selection of appropriate reference sediments for comparison with test sediments 

was based on the percent fines fraction. Percent fines are defined as the 

percentage of silts and days in the sediment. The percent fines for HC-REF A 

was 3 percent, HC-REF B was 85 percent, and HC-REF D was 23 percent. The 

median value of the percent fines between reference sediments was used to 

determine the appropriate location for statistical comparison. 

9ll> Test sediments with percent fines> 54 percent were compared to HC-REF B; 

9ll> Test sediments with percent fines between 54 percent and 13 percent were 

compared to HC-REF D; and 
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~ Test sediments with percent fines< 13 percent were compared to HC-REF A. 

The percent fines for test sediments ranged from 21 to 98 percent (Table 6-6 ). 

Six test sediments contained percent fines greater than 54 percent and were 

compared to HC-REF B. Five test sediments contained percent fines between 54 

percent and 13 percent, and were compared to HC-REF D. There were no test 

sediments with percent fines less than 1 3 percent. Therefore, HC-REF A was not 

used in this bioassay testing program. 

Amphipod Bioassay Results 

The mean percent mortality in the test sediments for the 10-day amphipod 

bioassay (H. azteca) ranged from 1.3 to 93.8 percent in the bioassays (Table 

6-3). The majority of test sediments reported very low amphipod mortality 

including the test sediments that contained the maximum detected 

concentration of TBT as well as moderate concentrations of PAHs and inorganic 

constituents. Sediment samples collected in Holgate Slough and the northern 

portion of the Ross Island Lagoon exhibited acceptable bioassay responses. 

Only two of the eleven test sediments (HC-SS20 and HC-SS22) failed the one-hit 

criteria, and these two test sediments were also determined to have met the 

criteria for statistically different response than the corresponding reference 

sediment (two-hit criteria). These two test sediments were also the samples that 

contained high levels of ammonia and alkaline pH in interstitial water. These 

factors are recognized as non-contaminant-related confounding factors in 

freshwater bioassay testing. 

Midge Survival Bioassay Results 

The mean percent mortality in the test sediments for the 10-day acute midge 

bioassay (C tentans) ranged from 5.0 to 65.8 percent in the bioassays (Table 

6-4). The majority of test sediments reported very low midge mortality, including 

the test sediments that contained the maximum detected concentration of TBT 

as well as moderate concentrations of PAHs and inorganic constituents. 

Sediment samples collected in Holgate Slough and the northern portion of the 

Ross Island Lagoon exhibited acceptable bioassay responses. Only two of the 

eleven test sediments (HC-SS 16 and HC-SS22) failed the one-hit criteria, and 

these two test sediments were also determined to have met the criteria for 

statistically different response than the corresponding reference sediment (two

hit criteria). One of these two samples, sample HC-SS22, contained high levels 
of ammonia and alkaline pH in interstitial water. These factors are recognized as 

non-contaminant-related confounding factors in freshwater bioassay testing. 
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Midge Growth Bioassay Results 

The mean test individual biomass for the 10-day chronic midge bioassay 

(C tentans) ranged from 1.13 to 1.88 mg in the bioassays (Table 6-5). The 

reported growth of midges in test sediments was comparable to both control 

and reference sediments. None of the eleven test sediments failed either the 

one-hit or two-hit criteria, and all were determined to have "passed" bioassay 

testing for this endpoint. 

6.5.8 Landau Bioassay Testing Results 

In addition to the eleven sediment samples submitted for bioassay testing by 

Hart Crowser, Landau submitted one additional sediment sample (HC-5526) for 

bioassay testing. The Landau bioassay program used the same testing procedure 

and interpretive criteria as the Hart Crowser samples. The Landau testing was 

also conducted concurrently with the Hart Crowser bioassay testing. Although 

the Landau bioassay testing was completed in support of the RIS&G area-wide 

investigation, the results are presented here for comparison. 

The bioassays for HC-5526 exhibited the highest toxicity to amphipod and midge 

of any of the Hart Crowser or Landau sediment samples tested. Testing resulted 

in 100 percent mortality for Chrinomus ten tans and 86 percent mortality for 

Hyale/la azteca. This sample therefore failed the biological interpretive criteria 

for testing. This sediment sample also had the highest pH (10.3) and total 

ammonia levels ( 16.0 mg/L) measured in interstitial water of the bioassay test 

sediment. The response and characteristics of this sample are entirely 

consistent with the observation that non-contaminant confounding factors are 

responsible for the toxicity observed locally in the surface sediments of Ross 

Island Lagoon. 

6.6 Landau Sediment Sample Chemistry Summary 

Hart Crowser 
J-5792-07 

Landau collected surface sediment samples from two areas of the central portion 

of Ross Island Lagoon in 1999. In April 1999, Landau collected twenty-six 

samples (5V5-01 through 5V5-26) plus four replicates following capping of the 

containment Cell 5 breach (Landau, 1999d). The breach capping samples were 

collected under a DEQ administrative order to determine if the sediment cap 

successfully covered the breached area. 

In October 1999, Landau collected eight samples (CZ-01 through CZ-08) plus 

four replicates in the central lagoon "clear zone" area (Landau, 2000a). D5L 

required the latter samples for baseline sediment characterization as part of the 

renewal process for the site mining and reclamation permit. Analytical results for 
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selected constituents are posted on Figure 6-5 and Figure 6-6, for the respective 

sampling efforts, and are tabulated in Appendix A. 

6.6.1April1999 Breach Capping Samples 

Sample analyses included bulk TBT as chloride (TBTCI), metals, SVOCs, PCBs, 

and VOCs. Bulk TBTCI was detected in many of the samples at concentrations 

ranging up to 160 ug/kg (sample SVS-5). A higher TBTCI concentration of 1, 100 

ug/kg was detected in sample SVS-18. With exception of mercury in samples 

SVS-1 7 and SVS-18 at the edge of the cap, metals were detected at 

concentrations below the regulatory screening criteria considered for the Port's 

investigation. The mercury concentration in sample SVS-18 was 0.53 mg/kg, 

slightly in excess of the 0.41 to 0.486 mg/kg screening criteria. In sample 

SVS-1 7, nickel was detected at 3 7 mg/kg, just above the Environment Canada 

PEL of 35.9 mg/kg. Concentrations of several SVOC constituents (PAHs) and a 

few VOCs were detected in several samples but did not exceed the screening 

criteria except for the non-Port constituents-chromium, acetone, 2-hexanone, 

and carbazole. In samples SVS-6 and SVS-7, PCB Aroclor 1254 was detected 

above the Environment Canada PEL of 7 ug/kg. Aroclors 1254 and 1260 were 

also detected above screening criteria in sample SVS-18. Two additional 

samples, SVS-5 and SVS-15, contained estimated concentrations of Aroclor 1254 

above the PEL screening criteria. Based on these sample results, DEQ 

determined that further efforts to evaluate the cap and recap were not necessary 

at that time, but would be evaluated as part of on-going investigations. (DEQ 

Letter dated June 1, 1999). Cap maintenance and monitoring continue to be the 

responsibility of RIS&G 

6.6.2October1999 Clear Zone Samples 

Sample analyses included bulk TBT, metals, SVOCs, pesticides, and PCBs. 

Detected metals concentrations in the clear zone samples were relatively low, 

and there were no exceedences of regulatory screening criteria. Detected 

SVOC concentrations were less than 61 ug/kg (PAHs), and did not exceed the 

regulatory screening criteria. PCBs (Aroclors 1254 and 1260) were detected 

below screening level criteria at a total estimated concentration of 11 ug/kg in 

sample CZ-03. Pesticides were detected in several samples at estimates of less 

than 1 ug/kg. Bulk TBT was detected in the samples at concentrations ranging 

from 15 to 26 ug/kg. Samples CZ-03, CZ-04, and CZ-07 were also analyzed for 

pore water TBT, which was detected at low-concentration estimates of 0.01 ug/L 

or less. 

In addition, Landau collected two surface sediment samples (SVS18-Rl and 

SVS 18-R2) near the Cell 5 breach for comparative purposes. Detected analyte 
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concentrations were similar to those of the clear zone samples, except for higher 

bulk TBT in sample SYS 18-R 1 ( 11 7 ug/kg, organic carbon normalized), and some 

PAH constituents in sample SYS 18-R2 (up to 220 ug/kg). There were no 

exceedences of regulatory screening criteria, including PCBs previously detected 

during the breach cap sampling event in April 1999. 
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Table 6-1 - Statistical Summary of Analytical Results for Surface Sediment Samples Sheet 1 of 3 

Analyte Detection Range Maximum Sample ID Mean LCRMA Exceedence Max. FSQV Exceedence Max. PEL Exceedence Max. 

Frequency Detection of Max. Frequency E Ratio Frequency E Ratio Frequency E Ratio 
Detection 

Conventionals in o/o 
Carbon, Total Organic 34/34 0.12 to 1.9 1.9 HC-REFB 0.88 14 0/34 
Solids, Total 34/34 28.5 to 79.1 79.1 HC-REFA 53.09 

Metals in mg/kg 
Antimony, Total 0/34 0.49 U) to z'78 U N/A 1.20 150 0/34 
Arsenic, Total 1/34 2.27 U to 4.4 4.4 HC-REFB 1.32 57 0/34 57 0/34 17 0/34 
Cadmium, Total 3/34 0.27 U) to 0.65 J 0.65 J HC-REFB 0.18 5.1 0/34 5.1 0/34 3.53 0/34 
Copper, Total 30/34 14.4 U to 43.7 j 43.7 J HC-SS14 24.37 390 0/34 390 0/34 197 0/34 
Lead, Total 34/34 4.07 to 20.8 20.8 HC-SS23 11.64 450 0/34 450 0/34 91.3 0/34 
Mercury, Total 1/34 0.12Uto0.8 0.8 HC-SS22 0.12 0.41 1/34 1.95 0.41 1/34 1.95 0.486 1/34 1.65 

Nickel, Total 34/34 7.5 J to 24.1 J 24.1 J HC-551 5 18.28 140 0/34 35.9 0/34 
Silver, Total 12/34 0.04 U to 0.38 0.38 HC-SS03 0.15 6.1 0/34 6.1 0/34 
Zinc, Total 22/34 33.2 UJ to 99.5 J 99.5 J HC-REFC 55.40 410 0/34 410 0/34 315 0/34 

Pore Water TBT in 11g/l 
Di-n-1.iutyltin 0/34 0.05 U to 0.1 U N/A 0.027 0.15 0/34 
Tetra-n-butyltin 0/34 0.05 U to 0.1 U N/A 0.027 0.15 0/34 
T ri-n-butyltin 5/34 0.02 UJ to 0.1 0.1 HC-5517 0.029 0.15 0/34 
n-Butyltin 0/34 0.05 U to 0.1 U N/A 0.027 0.15 0/34 

lPAHs in 11g/kg 
2-Methylnaphthalene 0/34 50 U to 50 U N/A 2S 670 0/34 
Acenaphthene 0/34 50 U to 50 U N/A 25 500 0/34 3500 0/34 
Acenaphthylene 0/34 50 U to SOU N/A 25 560 0/34 1900 0/34 
Anthracene 0/34 50 U to 100 U N/A 25.7 960 0/34 2100 0/34 
Fluorene 0/34 SOU to 50 U N/A 25 540 0/34 3600 0/34 
Naphthalene 0/34 50 U to SOU N/A 25 2100 0/34 37000 0/34 
Phenanthrene 4/34 SOU to 160 160 HC-5522 33.9 1500 0/34 5700 0/34 SlS 0/34 
Total LPAHs 4/34 50 U to 160 160 HC-5522 33.9 27000 0/34 

HPAHs in 11g/kg 
Benz(a)anthracene S/34 SOU to 1 SO 1SO HC-5522 36.3 1300 0/34 sooo 0/34 38S 0/34 
Benzo(a)pyrene S/34 SOU to 270 270 HC-5522 4S.4 1600 0/34 7000 0/34 782 0/34 
Benzo(b)fluoranthene 5/34 SOU to 200 U 160 HC-5522 36.6 

Benzo(k)fluoranthene 5/34 50 U to 200 U 130 HC-5S22 34.6 

Total Benzofluoranthenes 5/34 50 U to 290 290 HC-5522 47.7 3200 0/34 11000 0/34 

Benzo(g,h,i)perylene 5/34 50 U to 270 270 HC-SS22 42.6 670 0/34 1200 0/34 
Chrysene 6/34 SOU to 190 190 HC-5522 40.5 1400 0/34 7400 0/34 862 0/34 
Dibenz(a,h)anthracene 0/34 50 U to 200 U N/A 27.2 230 0/34 230 0/34 

Fluoranthene 10/34 50 U to 280 280 HC-5522 53. 9 1700 0/34 11000 0/34 2355 0/34 
lndeno(l ,2,3-cd)pyrene 5/34 50 U to 260 260 HC-5522 42.8 600 0/34 730 0/34 
Pyrene 1 ltl4 50 U to 370 370 HC-5522 63.1 2600 0/34 9600 0/34 875 0/J4 
Total HPAHs 13/34 50 U to 2080 20110 HC-5522 217.9 36000 0/34 
Total PAHs 13/34 50 U to 2240 2240 HC-5522 229.1 60000 0/34 
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Table 6-1 - Statistical Summary of Analytical Results for Surface Sediment Samples Sheet 2 of 3 

Analyte Detection Range Maximum Sample ID Mean LCRMA Exceedence Max. FSQV Fxceedence Max. PEL Exceedence Max. 
Frequency Detection of Max. Frequency E Ratio Frequency E Ratio Fre11uency E Ratio 

Detection 

Chlorinated Hydrocarbons in 11g/kg 
1,2-Dichlorobenzene 0/34 10 U to 10 U N/A 5 35 0/34 
1, 3-Dichlorobenzene 0/34 10 U to 10 U N/A 5 170 0/34 
1,4-Dichlorobenzene 0/34 10 U to 10 U N/A 5 110 0/34 
1,2,4-T richlorobenzene 0/34 20 U to 20 U N/A 10 31 0/34 
Hexachlorobenzene 0/34 20 U to 40 U N/A 9.71 22 0/34 

Phthalates in 11g/kg 
Bis(2-ethylhexyl) Phthalate 12/34 100 to 420 420 HC-SS03 89.12 8300 0/34 640 0/34 
Butyl Benzyl Phthalate 0/34 100 U to 200 U N/A 51.47 970 0/34 
Di-n-butyl Phthalate 0/34 100 U to 200 U N/A 51.47 5100 0/34 
Di-n-octyl Phthalate 0/34 100 U to 200 U N/A 51.47 6200 0/34 
Diethyl Phthalate 0/34 100 U to 100 U N/A 50 1200 0/34 
Dimethyl Phthalate 0/34 100 U to 100 U N/A 50 1400 0/34 

Phenols in 11g/kg 
2,4-Dimethylphenol 0/33 20 U to 20 U N/A 10 29 0/33 
2-Methylphenol 0/33 20 U to 20 U N/A 10 63 0/33 
3- and 4-Methylphenol 0/33 100 U to 100 U N/A 50 
Pentachlorophenol 0/33 250 U to 500 U N/A 121.2 400 0/33 
Phenol 1/34 100 U to 410) 420 J HC-SS26 60.9 420 0/34 

Miscellaneous in 11g/kg 
Benzoic Acid 0/33 250 U to 250 U N/A 125 650 0/34 
Benzyl Alcohol 1/34 2SUto160 160 HC-SS26 1684 57 1/34 2.81 
Dibenzofuran 0/34 50 U to 50 U N/A 25 540 0/34 
Hexachlorobutadiene 0/34 20 U to 20 U N/A 10 29 0/34 
Hexachloroethane 0/34 50 U to SOU N/A 25 1400 0/34 
N-Nitrosodiphenylarnine 0/34 20 U to 20 U N/A 10 28 0/34 

TPH in mg/kg 
Diesel 0/34 10 U to 50 U N/A 11.47 
Gasoline 0/34 10 U) to 50 UJ N/A 11.47 
Heavy Fuel Oil 0/34 2S U to 120 U N/A 27.94 
Jet Fuel as JP-4 0/34 10 UJ to SO UJ N/A 11.47 
jet Fuel as Jet A 0/34 10 U to SOU N/A 11.47 
Kerosene 0/34 10 U to 50 U N/A 11.47 
Lube Oil 0/34 25 U to 120 U N/A 27.94 
Mineral Spirits 0/34 10 U to 50 U N/A 11.47 
Naphtha Distillate 0/34 10 U) to 50 UJ N/A 11.47 
Non-PHC as Diesel 0/34 50 U to 250 U N/A 55.l 
PHC as Diesel 29/34 2S U to 240 240 HC-5532 109.5 
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Table 6-1 - Statistical Summary of Analytical Results for Surface Sediment Samples Sheet 3 of 3 

Analyte Detection Range Maximum Sample ID Mean LCRMA Exceedence Max. FSQV Fxceedence Max. PEL Exceedence Max. 
Frequency Detection of Max. Frequency E Ratio Frequency E Ratio Frequency E Ratio 

Detection 

Pesticides in µg/kg 
4,4'-DDD 0/34 3.3 U to 3.3 U N/A 1.65 8.51 0/34 
4,4'-DDE 1/34 2.3 U to 2.6 2.6 HC-SSll 1.19 6.75 0/34 
4,4'-DDT 0/34 6.7 U to 6.7 U N/A 3.35 
Total DDT 1/34 2.6 to 6.7 LJ 2.6 HC-SSll 3.33 6.9 0/34 4450 0/34 
Aroclor 1016 0/34 10 U to 10 U N/A 5 

Aroclor 1 221 0/34 20 U to 20 U N/A 10 
Aroclor 1232 0/34 10 U to 10 U N/A 5 
Aroclor 1 242 1/34 10 U to 130 130 HC-S520 8.68 
Aroclor 1248 1/34 10 U to 56 56 HC-REFC 6.50 21 1/34 2.67 
Aroclor 1254 3/34 10 U to 17 17 HC-5S13 5.74 7.3 3/34 2.33 
Ar odor 1 2 60 1/34 10 U to 116 116 HC-5S22 8.26 
Total PCBs 6/34 11 to 130 130 HC-5520 18.29 130 0/34 21 3/34 6.19 277 0/34 

Volatile Organics in µg/kg 
Benzene 0/34 5 U to 5 U N/A 2.5 
Ethylbenzene 0/34 5 U to 5 U N/A 2.5 
Toluene 0/34 5 U to 5 U N/A 2.5 
Trichloroethene (TCE) 0/34 5 U to 5 U N/A 2.5 
m,p-Xylenes O/J4 5 U to 5 U N/A 2.5 
o-Xylene 0/34 5 U to 5 U N/A 2.5 

u Not detected at indicated detection limit. 

J Estimated value. 
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Table 6-2 - Mean of Analytical Results for Surface Sediment Samples Sheet 1 of 2 

Metals in mg/kg 
Antimony, Total 

Arsenic, Total 

Cadmium, Total 

Copper, Total 

Lead, Total 
Mercury, Total 
Nickel, Total 

Silver, Total 

Zinc, Total 
Pore Water TBT in µg/L 

Tri-n-butyltin 

LPAHs in µg/kg 
2-Methylnaphthalene 

Acenaphthene 

Acenaphthylene 

Anthracene 
Fluorene 

Naphthalene 

Phenanthrene 

Total LPAHs 

HPAHs in µgjkg 
Benz( a)anthracene 

Benzo( a)pyrene 

Benzo( b )fluoranthene 

Benzo(k)fluoranthene 

Total Benzofluoranthenes 

B enzo(g, h, i )perylene 

Chrysene 

Dibenz( a,h )anthracene 

Fluoranthene 

lndeno( 1,2,3-cd)pyrene 

Pyrene 

Total HPAHs 

Total PAHs 

Phthalates in µgjkg 
Bis(2-ethylhexyl) Phthalate 

Butyl Benzyl Phthalate 

Di-n-butyl Phthalate 

Di-n-octyl Phthalate 

Diethyl Phthalate 
Dimethyl Phthalate 

Phenols in µg/kg 
2,4-Dimethylphenol 

2-Methylphenol 

3- and 4-Methylphenol 

Pentachlorophenol 

Phenol 

Hart Crowser 

90 percent 
lognormal mean ( 1) 

1.10 

2.64 

0.17 

35.62 

14.10 

0.12 
24.13 

0.25 

79.57 

912.83 

20.21 

17.95 

17.39 

19.43 

18.24 

17.43 

32.94 

38.80 

34.61 

43.56 

35.62 

33.57 

64.46 

38.46 

41.70 

19.42 

62.04 

36.72 

73.84 

478.45 

500.86 

63.89 

30.60 

31.68 

30.60 

33.95 
30.60 

29.21 

19.08 

50.00 

108.12 
38.52 
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Table 6-2 - Mean of Analytical Results for Surface Sediment Samples 

Chlorinated Hydrocarbons in µgjkg 
1,2-Dichlorobenzene 

1,3-Dichlorobenzene 

114-Dichlorobenzene 

11 21 4-Trichlorobenzene 

Hexachlorobenzene 

Miscellaneous in µgjkg 
Benzoic Acid 

Benzyl Alcohol 
Dibenzofuran 

Hexachlorobutadiene 

Hexachloroethane 

N-N itrosodiphenylamine 

Pesticide/PCBs in µgjkg 
414'-DDD 

4,4'-DDE 

4,4'-DDT 

Total DDT 

Aroclor 101 6 

Aroclor 1221 

Aroclor 1232 

Aroclor 1242 

Aroclor 1 248 

Aroclor 1254 

Aroclor 1260 

Total PCBs 

Volatile Organics in µg/kg 
1,2-Dichlorobenzene 

11 3-Dichlorobenzene 

114-Dichlorobenzene 
Benzene 

Toluene 

Trichloroethene (TCE) 

Ethylbenzene 

m,p-Xylenes 
a-Xylene 

90 percent 
lognormal mean ( 1) 

2.68 

2.68 

2.68 

9.40 

9.40 

115.65 

16.34 

18.60 

7.05 

19.20 

9.40 

1.53 

1.15 

3.43 

3.37 

7.27 

9.84 

7.27 

11.60 
8.09 

l 2.88 

8.49 

l 9.87 

5.00 

5.00 

5.00 

l.87 
l.87 
l .87 

1.87 
l .87 
1.87 

( 1) Mean of data was calculated assuming data is lognormally distributed. Data included 

Hart Crowser's samples, Landau clear zone samples, and Landau Cell 5 breach cap samples. 

Sheet 2 of 2 
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Table 6-3 - Summary of Sediment Bioassay Results - Amphipod Survival Bioassay (Hyallela azteca) 

Test Reference Significantly Two-Hit Criteria 2 
Percentage 

Mean Mean Percentage Points from Different from (significant diff. btwn Mr 

Sample Mortality (MT) Mortality (MR) Points From Reference Reference Single-Hit Criteria 1 and MR; and > 20% Overall 

Identification in Percent in Percent Control (Mr MR) (alpha= 0.05) (Mr MR> 15%) difference from control) Result3 

HC-SS02 5.0 3.1 -1.3 1.9 No Pass No Pass 

HC-SS03 3.8 3.1 -2.5 0.7 No Pass No Pass 
HC-SS06 10.0 3.8 3.7 6.2 No Pass No Pass 
HC-SS13 1.3 3.8 -5.0 -2.5 No Pass No Pass 
HC-SSl 5 6.3 3.8 0.0 2.5 No Pass No Pass 
HC-SSl 6 10.0 3.8 3.7 6.2 No Pass No Pass 
HC-SSl 7 12.5 3.8 6.2 8.7 No Pass No Pass 
HC-SS18 7.5 3.8 1.2 3.7 No Pass No Pass 
HC-SS20 75.0 3.1 68.7 71.9 Yes Fail Yes 
HC-SS22 93.8 3.1 87.5 90.7 Yes Fail Yes 
HC-SS28 3.8 3.1 -2.5 0.7 No Pass No Pass 
I JC-REF A 7.5 1.2 
HC-REF B 3.8 -2.5 
HC-REF D 3.1 -3.2 
Neg. Control 6.3 

Notes: 
1 One-Hit Required to Fail Bioassay 
2 Two-Hits Required to Fail Bioassay 
3 A test fails if either of the following is true: 

"Fail" of the one-hit criteria for the corresponding sample from any of Tables 6-2, 6-3, or 6-4. 

"Yes" for any two-hit criteria for the corresponding sample from any two of Tables 6-2, 6-3, or 6-4. 
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Table 6-4 - Summary of Sediment Bioassay Results - Midge Survival Bioassay (Chironomus ten/ans) 

Two-Hit Criteria2 

(significant difference 
Reference Percentage Percentage Significantly between 

Test Mean Mean Points Points from Different from Single-Hit Mr and MR; and 

Sample Mortality (Mr) Mortality (MR) from Reference Reference Criteria 1 > 20% difference from Overall 

Identification in Percent in Percent Control (Mr-MR) (alpha= 0.05) (Mr MR> 20%) control) Result3 

HC-SS02 11.3 7.5 -2.5 3.8 No Pass No Pass 

HC-SS03 8.8 7.5 -5.0 1.3 No Pass No Pass 

HC-S506 13.8 12.5 0.0 1.3 No Pass No Pass 

HC-S513 10.0 12.5 -3.8 -2.5 No Pass No Pass 

HC-SSl 5 6.3 12.5 -7.5 -6.2 No Pass No Pass 

HC-SS16 35.0 12.5 21.2 22.5 Yes Fail Yes 
Li\kp\;,;;,;;·c'>~;;A;~,;· 

'ii1W,t~\:. ~~H:."~~! 

HC-5S17 15.0 12.5 1.2 2.5 No Pass No Pass 

HC-5518 6.3 12.5 -7.5 -6.2 No Pass No Pass 

HC-5S20 20.0 7.5 6.2 12.5 No Pass No Pass 

HC-S522 65.8 7.5 52.0 58.3 Yes Fail Yes l·g:~'.1.r:rur;;i~: · 
HC-S528 5.0 7.5 -8.8 -2.5 No Pass No Pass 

HC-REF A 17.5 - 3.7 - - - - -
HC-REF B 12.5 - -1.3 - - - - -
HC-REF D 7.5 - -6.3 - - - - -
Neg. Control 13.8 - - - - - - -

Notes: 
1 One-Hit Required to Fail Bioassay 
2 Two-Hits Required to Fail Bioassay 
3 A test fails if either of the following is true: 

"Fail" of the one-hit criteria for the corresponding sample from any of Tables 6-2, 6-3, or 6-4. 
"Yes" for any two-hit criteria for the corresponding sample from any two of Tables 6-2, 6-3, or 6-4. 
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Table 6-5 · Summary of Sediment Bioassay Results - Midge Growth Bioassay (Chironomus tentans) 

Reference 

Test Mean Mean Significant Two-Hit Criteria 2 

Individual Individual Different from Single-Hit (significant diff. btwn Mr 

Sample Biomass (Br) Biomass (BR) Reference Criteria 
1 and MR; and > 20% Overall 

in mg in mg (alpha= 0.05) difference from control) 3 
Identification Br/BR*lOO (Br/BR< 60%) Result 

HC-SS02 1.39 1.41 98.6 No Pass No Pass 

HC-SS03 1.37 1.41 97.2 No Pass No Pass 

HC-SS06 1.13 1.39 81.3 Yes Pass No Pass 

HC-SS13 1.30 1.39 93.5 No Pass No Pass 

HC-SSl 5 1.20 1.39 86.3 Yes Pass No Pass 

HC-SSl 6 1.79 1.39 128.8 No Pass No Pass 

HC-SSl 7 1.43 1.39 102.9 No Pass No Pass 

HC-SS18 1.29 1.39 92.8 No Pass No Pass 

HC-SS20 1.46 1.41 103.5 No Pass No Pass 

HC-SS22 1.88 1.41 133.3 No Pass No Pass 

HC-SS28 1.29 1.41 91.5 Yes Pass No Pass 

HC-REF A 1.39 - - - - - -
HC-REF B 1.39 - - - - - -
HC-REF D 1.41 - - - - - -
Neg. Control 1.33 - - - - - -

Notes: 
1 
One-Hit Required to Fail Bioassay 

2 
Two-Hits Required to Fail Bioassay 

3 
A test fails if either of the following is true: 

"Fail" of the one-hit criteria for the corresponding sample from any of Tables 6-2, 6-3, or 6-4. 

"Yes" for any two-hit criteria for the corresponding sample from any two of Tables 6-2, 6-3, or 6-4. 
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Table 6-6 - Presentation of Sediment Grain Size for Bioassay Samples and 
Selection of Appropriate Reference Samples 

Sample Percent Reference Sediment 
Identification Fines 1 for Statistical Analyses 

HC-5502 30 HC-REF D 

HC-5503 21 HC-REF D 

HC-5506 98 HC-REF B 

HC-5513 68 HC-REF B 

HC-551 5 96 HC-REF B 

HC-5516 79 HC-REF B 

HC-5517 84 HC-REF B 

HC-5518 71 HC-REF B 

HC-5520 21 HC-REF D 

HC-5522 53 HC-REF D 

HC-5528 36 HC-REF D 

HC-REF A 3 --

HC-REF B 85 - -
HC-REF D 23 - -

Notes: 
1 

Percent Fines is the sum of% Silt and % Clay. 
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Chemical Constituent Concentrations 
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7.0 INVESTIGATION RESULTS-SUBSURFACE SEDIMENT CHEMICAL 
ANALYSES 

This section presents the results of chemical analyses of subsurface sediment 

samples collected for the Port's investigation at Ross Island. Sampling activities 

are summarized in Section 4.0, with additional detail provided in Appendix B 

(Volume II). Section 5.0 describes the materials sampled, grain size data, 

hydrogeologic properties, and other physical characteristics. 

7. 1 Key Conclusions 

Hart Crowser 
J·5792·07 

Summary conclusions are listed below, with more detailed discussion of findings 

and data quality in subsequent sections. 

IJio- Concentrations of chemical constituents in samples of Port confined 

dredged materials were comparable to, or slightly lower than, the average 

pre-dredge concentrations of these materials determined prior to dredging 

and disposal in the cells. Detected constituents were consistent with the 

types of dredged materials disposed of in the lagoon containment cells. As 

expected, the detected Port-related constituents included arsenic, copper, 

lead, TBT, PAHs, PCBs, BEP, and DDT. The analytical results also verified 

that the Port confined dredged materials are present over the elevation 

ranges that define the containment cells, as identified from physical and 

bathymetric data during drilling (see Section 5.0). These results readily 

distinguish the chemical characteristics of the Port confined dredged 

materials from the chemistry of the non-Port fill and the overlying capping 

materials of each cell. 

IJio- The chemistry of the Port confined dredged materials in each lagoon 

containment cell is dissimilar to the chemistry of non-Port fill present below 

the Port confined dredged materials and above the cell caps. Concentrations 

of metals, PAHs, and other constituents are much lower, or non-detect in 

samples of the non-Port fill, compared to those in the Port confined dredged 

materials. These results define the non-Port fill as chemically distinguishable 

from the Port confined dredged materials in each cell. 

IJio- The chemistry of the Port confined dredged material is also dissimilar to the 

chemistry of the capping materials for each cell. Concentrations of metals, 

PAHs, and other constituents are much lower, or non-detect in samples of 

the cap, compared to those in the Port confined dredged materials. 
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7. 2 Overview 

One exception is Cell 1, where DDT was detected at an elevated 

concentration of 755 ug/kg in a sample of the capping material placed by 

RIS&G. This concentration significantly exceeded DDT concentrations in the 

underlying Port confined dredge material (209 ug/kg), and in pre-dredge 

samples of the material disposed in this cell. Pre-dredge samples of Port 

material from Terminal 4 Slip 3 contained a maximum DDT concentration of 

60 ug/kg, and DDT was non-detect in pre-dredge samples from Dry Dock 3. 

Therefore, there is no indication that Port confined dredged material is the 

source of DDT in the cap, and DDT was not present in detectable 

concentrations in a sample of the overlying non-Port fill. For comparison, the 

LCRMA sediment screening level for DDT is 6.9 ug/kg. These results define 

the capping material as chemically distinguishable from the Port confined 

dredged materials in each cell. 

IJJ>- During the lagoon drilling field work, Landau collected additional samples of 

non-Port fill for chemical analysis. These results are reported in Landau's 

Draft Phase 1 Remedial Investigation Report (Landau, 2000f). Although these 

results are not specifically incorporated to the Port's investigation, they 

indicate that relatively low concentrations of metals, TBT, PCBs, and TPH are 

present in the non-Port fill in the southern lagoon. These samples are 

generally similar in chemical quality to surface sediment samples collected in 

Ross Island Lagoon for the Port's investigation (Section 6.0). In contrast, 

detected constituent concentrations in the Landau samples of non-Port fill 

are generally lower than those detected in Port confined dredged material 

within containment cells. 

Samples of each media were collected in the field and submitted for chemical 

analyses according to the specifications in the Final Work Plan and Addendum. 

Sampling locations are identified on Figure 7-1. Subsurface sediment samples 

submitted for analysis are listed in Table 7-1, and a statistical summary of 

chemical analysis results is presented in Table 7-2. A complete compilation of 

analytical results is presented in Appendix A (on a dry weight basis). Laboratory 

chemical analyses were conducted by CAS, based on protocols described in the 

Final Work Plan and Addendum (Hart Crowser, 1999a and 1999b). 

7.3 Sampling and Analysis Objectives 

Hart Crowser 
J-5792-07 

Subsurface sediment sampling and analysis were conducted to meet the 

following objectives: 
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..,. Determine concentrations of chemical constituents in Port confined dredged 

materials; 

..,. Determine concentrations of chemical constituents in representative samples 

of capping material and non-Port fill;' 

..,. Collect composite samples of Port confined dredged materials to test 

potential leachability of chemical constituents and their resulting mobility in 

site groundwater; and 

..,. Obtain bulk chemistry data for the Port confined dredged materials for use 

in contaminant transport modeling. 

The results of this sampling and analysis are presented in Section 7.5. This 

discussion includes comparison of chemical characteristics of the Port confined 

dredged material in each cell with the pre-dredge data. Chemical results were 

also compared with analytical results for the capping material, overlying non-Port 

fill, and underlying non-Port fill. Contaminant leach testing results are presented 

in Section 8.0. 

Sediment soil samples were collected for laboratory analysis of total organic 

carbon (TOC) to evaluate sorptive properties that may affect chemical 

constituent transport in groundwater. The results of this sampling and analysis 

are presented in Section 7.6. 

7.4 Data Quality Review 

Hart Crowser 
J-5792-07 

Chemistry data for Hart Crowser samples were subject to a data quality review 

as summarized below and presented in more detail in Appendix A. Following 

completion of laboratory chemical analyses, CAS submitted CLP-equivalent data 

packages for validation by Synectics. Data packages and the validation reports 

were further reviewed by Hart Crowser. Data validation tasks were completed 

in accordance with the project QAPP, Final Work Plan, Addendum, and EPA 

guidelines referenced in Section 6.0. Applicable data qualifiers are listed in the 

statistical summary Table 7-2, and in the Appendix A data compilation. Duplicate 

samples collected to determine the precision of field methods are not included 

in the summary statistics. The samples were collected and analyzed according 

to the specifications in the Final Work Plan and Addendum. 

Based on the data validation results, the overall DQOs were met for the 

sampling and analysis conducted. The data presented are of adequate quality for 

the purposes of the Port's site investigation. A summary of the data validation 

results is presented below discussing detection limits and acceptability of the 
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data. The QAPP and Appendix A should be referred to for additional 

information regarding DQOs and analytical QA/QC objectives for the project. 

7.4. 1 Subsurface Sediment Data Quality 

Based on detailed review of the data, the overall DQOs were met, and the data 

for this project are acceptable for use as qualified, except for six SVOC results 

that were rejected because of low surrogate recoveries. The low surrogate 

recoveries resulted from matrix interference. These data are not included in the 

analysis presented below. The small number of rejected results is not 

considered to affect the overall acceptability of the data. The completeness for 

the associated data is greater than 99 percent. Detection limit goals (DLGs) 

were met for the samples analyzed. 

7.4.2 Sediment/Soil TOC Data Quality 

Based on a review of the sediment/soil data, the data quality met the 

specifications of the project, and the data are acceptable for use. The 

completeness of the associated data is 100 percent, and DLGs were met for all 

samples analyzed. 

7.5 Subsurface Sediment Chemistry Results 

Hart Crowser 
J-5792·07 

This section evaluates the Port's confined dredged materials and other 

subsurface materials, based on laboratory analytical results for samples collected 

from the lagoon containment cell borings. The subsurface sediment sampling 

program consisted of the following elements: 

"" One sample composited from Port confined dredged material for each of 

the five cells; 

"" Six discrete samples of the cell caps; 

"" Five discrete samples of overlying non-Port fill (one sample above each of 

the cells); and 

"" Four additional discrete samples of non-Port fill underlying Port confined 

dredged material in Cell 5. 

Sampling also included two QA/QC field duplicates and one rinseate blank. 

Locations of the disposal cell borings are identified on Figure 7-1, and sample 

depths and materials are summarized in Table 7-1. Borings for Cell 1, Cell 2, Cell 
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J-5792·07 

3, and Cell S were converted to groundwater piezometers to collect 

groundwater quality and water level elevation data. 

The subsurface samples were analyzed for metals, SVOCs, PCBs, DDT, TPH, 

VOCs, and TOC. Composite samples of Port confined dredged materials from 

each cell were also analyzed for pore water TBT. Table 7-2 presents a statistical 

analysis of analytical results for the composite and discrete samples collected. 

Results of selected constituents are also posted on schematic illustrations of the 

containment cell borings on Figures 7-2 through 7-6. These figures highlight the 

depth relationships of the containment cell, cap, and other materials 

encountered. A complete compilation of the analytical data is presented in 

Appendix A (Table A-Sa for the Port material composite samples, and Table A-Sb 

for discrete samples of capping and other materials). 

As discussed in Section S.O, sharp physical contacts between the Port confined 

dredged materials, cap, overlying fill, and underlying non-Port fill were not 

typically distinguishable. Material boundaries and sampling intervals were, 

therefore, determined based on review of pre- and post-disposal and capping 

bathymetry, as well as visual appearance of the sampled materials in the field. 

Chemical analysis results verified that the Port dredged material was present 

over the elevation ranges identified during drilling based on physical and 

bathymetric data (see Section S.O). 

7.5.1 Landau Samples 

During the lagoon drilling, Landau observed subsurface conditions and collected 

approximately 40 samples of non-Port fill for chemical analysis by CAS. In 

addition, Landau also submitted 1 S soil samples from the upland well borings for 

analysis. These samples were analyzed under separate contract between Landau 

and CAS, and supported Landau's Phase I sampling efforts for the RIS&G area

wide investigation. Complete analytical results for these samples are reported in 

Landau's Draft Phase I Remedial Investigation Report (Landau, 2000f). 

For the purposes of the Port's investigation, analytical results are discussed 

below for selected Landau samples collected immediately above and below the 

Port confined dredged material in the lagoon containment cells. Analytical 

results for selected constituents are posted along with sampling data for Port 

confined dredged material on the Figures 7-2 through 7-6 cell boring illustrations. 

Analytical data for these selected Landau samples are tabulated in Table A-Sc of 

Appendix A to this Site Investigation Report. Data validation and QA/QC for 

these samples were performed separately by Landau. 
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Hart Crowser 
J-5792-07 

7.5.2 Analytical Results - Port Confined Dredged Materials 

The following sections summarize the analytical results for the Port confined 

dredged materials. These results are compared to analyses of pre-dredge sample 

data (Table 3-2), capping materials, and other non-Port fill sampled. 

As expected, composite samples of Port confined dredged materials from 

containment cells contained elevated concentrations of virtually all target 

constituents previously identified in the Final Work Plan. Detected constituent 

concentrations in situ were comparable to, or slightly lower than, mean pre

dredge concentrations. The pre-dredge concentrations for applicable Port 

disposal projects are listed in Table 3-2. 

Metals 

Arsenic, copper, and lead were prevalent in the five cells, and typical of the dry 

dock and other maintenance dredging materials disposed of. Concentrations 

ranged up to 24.4 mg/kg arsenic and 1,340 mg/kg copper in Cell 1 (sample 

HC-G07 Comp), and 409 mg/kg lead in Cell 2 (sample HC-G05 Comp). 

Mercury was detected in the composite samples from Cell 1 (1.43 mg/kg) and in 

Cell 5 (0.32 mg/kg), and is typical of the dry dock wastes placed in these cells. 

Although mercury had previously been detected at relatively low concentrations 

in dredged disposal materials placed in Cell 2 (up to 1.1 mg/kg) and Cell 3 (up 

to 0.09 mg/kg), the pre-dredge concentrations were at concentrations below the 

analytical detection limits for the in situ composite samples collected from these 

cells. 

Zinc was detected in composite samples from each of the five cells, with a 

maximum concentration in Cell 3 of 960 mg/kg. Cadmium, nickel, and silver 

were also detected in the majority of the containment cell composite samples. 

Pore water TBT was detected in composited samples of Port confined dredged 

material from each of the five cells, with a maximum concentration of 27 ug/L in 

Cell 1 (Figure 7-2). For comparison, the pre-dredge dry weight concentration of 

TBT (as Sn) in Dry Dock 3 dredge material placed into Cell 1 ranged from 15 to 

110 mg/kg. TBT had not been previously analyzed in Terminal 4 Slip 3 material 

placed in Cell 2, but was detected in pore water from the Cell 2 composite 

sample at 0.23 ug/L. 
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SVOCs 

Elevated concentrations of LPAHs and HPAHs were detected in nearly all of the 

composite samples from the containment cells. As shown on Figures 7-2 through 

7-6, total LPAHs ranged from below 500 ug/kg in Cell 3 and Cell 5, to 91,540 

ug/kg in Cell 4 (HC-G08 Comp). HPAHs follow this same trend, with 

concentrations roughly one order of magnitude higher than the respective LPAH 

concentrations in each cell composite. The maximum concentration of total 

HPAHs was 726,000 ug/kg in the Cell 4 composite sample, and is associated 

with H PAH material from dredging of Terminal 4 Berth 410/ 411. 

Other detected SVOCs included BEP in samples from the five cells. The -

maximum BEP concentration (3,600 ug/kg) was detected in a sample from Cell 

1. Dibenzofuran was detected in Cell 1, Cell 2, and Cell 4, and di-n-butyl 

phthalate was detected in Cell 1. 

PCBs 

Aroclors 1254 and 1260 were detected in composite samples from the five 

containment cells (Figures 7-2 through 7-6). No other PCB Aroclor species were 

detected. Concentrations of these combined Aroclors ranged from 34 ug/kg 

(Cell 5) to 237 ug/kg (Cell 4), except for the Cell 1 composite, where the 

combined concentration was 2,900 ug/kg. Aroclor 1260 had not been 

previously detected in dredge material from Dry Dock 4 placed in Cell 5, but 

may have been present at a concentration below the pre-dredge detection limit. 

Similarly, Aroclor 1260 had not been detected in pre-dredge samples of material 

from Terminal 2 Berths 204/205/206 placed in Cell 3, or from Terminal 3 Berth 

410/ 411 placed in Cell 3 and Cell 4. 

DDT 

Consistent with the PCB trends, low concentrations of DDT and derivatives (3.4 

to 23 ug/kg) were detected in Cells 2 through 5, with a higher concentration of 

209 ug/kg detected in Cell 1 (Figures 7-2 through 7-6). The latter concentration 

is higher than expected from pre-dredge analyses of material placed in the cell 

from Terminal 4 Slip 3, and Dry Dock 3. Detections in other cells are consistent 

with the pre-dredge analyses results. 

TPH 

TPH was detected at concentrations ranging from of 200 mg/kg (Cell 5) to 640 

mg/kg (Cell 4) in the majority of the subsurface sediment samples analyzed. The 

extractable petroleum hydrocarbon did not match any of the target analytes for 
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TPH, and organic carbon in the sediment did not interfere with the analysis. The 

detected concentrations may reflect weathering in an aqueous environment, and 

were quantified within the diesel-range by CAS for reporting purposes. Although 

TPH was not included in the pre-dredge analyses, the presence of this 

constituent is not unexpected in sediments from dry dock and maintenance 

dredging projects. 

7.5.3 Analytical Results - Cap Materials 

Mercury was detected in a sample of the capping material placed by RIS&G 

(HC-G06A S-4) at Cell 3 at a concentration of 0.2 mg/kg, but not in the 

underlying composite sample of Port confined dredged material (Figure 7-4). 

Mercury was undetected at a concentration of 0.14 ug/kg in the Port confined 

dredged material. For comparison, 0.2 mg/kg concentration detected in the cap 

is below the sediment screening criteria presented in Section 6.0. In Cell 5, 

sample HC-G13A S-3 analyzed by Landau contained a comparatively low 

mercury concentration of 0.04 mg/kg, in relation to a 0.32 mg/kg concentration 

in the underlying Port material. Mercury was not detected in the cap sample 

(HC-G-3A S-2) analyzed by Hart Crowser from Cell 5. 

Relatively low concentrations of PAHs and TPH were commonly detected in the 

cell capping samples analyzed by Hart Crowser and Landau (Figures 7-2 through 

7-6). LPAHs were detected only in the cap sample from Cell 2 (HC-G05-S-5; 

58 ug/kg). HPAHs were detected in the cap samples, except Cell 5, with a 

maximum concentration of 828 ug/kg (Cell 2). TPH was detected in the Cell 1, 

Cell 3, and Cell 5 cap samples at concentrations of 77 to 310 mg/kg. 

Notably, PCB Aroclor 1260 and DDT constituents were detected in the Cell 1 

cap sample (HC-G07 S-5) at concentrations of 151 and 755 ug/kg, respectively 

(Figure 7-2). The PCB concentration of the underlying Port confined dredged 

material was significantly higher (2,900 ug/kg), but the DDT concentration was 

lower (209 ug/kg). None of the samples of overlying non-Port fill from each of 

the five disposal cells contained detectable PCBs or pesticides. 

Other constituents detected included BEP in the cell cap samples except Cell 5. 

The maximum BEP concentration was 380 ug/kg (Cell 4 sample HC-G08 S-3). As 

noted above, BEP was detected in composite samples of the underlying Port 

confined dredged material in the five cells. 

7.5.4 Non-Port Fill Overlying Cap 

Similar to the samples of capping material, relatively low concentrations of 

LPAHs and/or HPAHs and TPH were detected in the overlying non-Port fill 
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(Figures 7-2 through 7-6). The range of concentrations detected was also 

comparable to that for the capping samples. Samples of non-Port fill above Cell 

1 and Cell 3 also contained SEP at concentrations similar to the cap samples. 

7.5.5 Non-Port Fill Underlying Port Confined Dredged Materials 

Samples of non-Port fill below Port confined dredged material from Cell 1, Cell 

2, Cell 3, and Cell 4 were submitted by Landau to CAS for chemical analyses 

(Figures 7-2 through 7-6). These samples were within 5 to 10 feet vertical depth 

of the Port material, and are included for comparison of chemistry. 

In general, a number of the chemical constituents detected were similar to Port

related constituents, but at comparatively lower concentrations. Mercury was 

detected in the Landau samples, but at a relatively low maximum concentration 

of 0.13 mg/kg (Cell 4, sample HC-G08-S-25). Bulk TBT was detected in samples 

be! ow each of the four cells at concentrations ranging from 8 ug/kg below Cell 2 

(sample HC-G05 S-29), to 2,000 ug/kg below Cell 1 (sample HC-G07 S-19). 

LPAHs and HPAHs were detected in the majority of the Landau samples. 

Aroclors 1254 and 1260 were detected in the samples except Cell 2, where 

Aroclors 1242 and 1260 were detected (HC-G05 S-29). The maximum PCB 

concentration was 1 79 ug/kg in the Cell 1 sample. DDT was detected in the 

Landau samples at concentrations ranging from 1.8 ug/kg in the Cell 2 sample, 

to 8 ug/kg in the Cell 1 sample. Detected TPH in the Landau samples did not 

match any of the target TPH analytes except for sample HC-G068 S-17 collected 

below Cell 3. TPH in this sample was quantified as lube oil. 

Additionally, Hart Crowser submitted four additional samples of non-Port fill 

below Port fill in Cell 5 (Figure 7-6 ). Mercury and PAHs were not detected in 

these samples. A low concentration of PCBs was detected in one of the samples 

(HC-G13 S-17 at 42 ug/kg). Total TPH (Aroclors 1254 and 1260) was detected 

in three of the four samples, with a maximum concentration of 110 mg/kg. 

7.5.6 Other Non-Port Fill 

This Site Investigation Report includes analytical data for non-Port fill where such 

information was collected pursuant to the Final Work Plan and Addendum (Hart 

Crowser, 1999a and 1999b). Additional Landau analytical data for samples 

collected immediately above or below the Port confined dredged material are 

also included, with analytical results posted on Figures 7-2 through 7-6 and 

tabulated in Table A-Sc of Appendix A. 
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Landau submitted additional samples collected from deeper non-Port fill material 

below the containment cells, and from borings HC-G04, HC-G09, HC-G10, 

HC-G11, HC-G14, and HC-G16 for chemical analyses. These borings were 

drilled in non-Port fill peripheral to the lagoon containment cells. Analytical 

results of these samples are not specifically incorporated to the Port's 

investigation, but provide a general indication of the overall chemical quality of 

non-Port fill in Ross Island Lagoon. 

In addition to the sampling results posted on Figures 7-2 through 7-6, relatively 

low concentrations of a number of chemical constituents were detected in the 

Landau samples: 

~ (Bulk) TBT in borings HC-G04, HC-G14, and HC-Gl 6 at concentrations up 

to 123 ug/kg (also detected in boring HC-G12 in Cell 5 at 2,000 ug/kg); 

~ PCBs in borings HC-G12, HC-G14, and HC-G-16 at concentrations up to 

132 ug/kg (total PCBs); 

~ Mercury in borings HC-G10, HC-G12, and HC-G-16 at concentrations up to 

0.23 mg/kg (plus other detected metals); and 

~ TPH in borings HC-G 10 and HC-G-16 at concentrations up to 540 mg/kg. 

In addition, PAHs were detected in a number of the Landau samples at 

concentrations in the low ug/kg range. 

7. 6 Subsurface Sediment/Soil TOC 

Hart Crowser 
J-5792-07 

Eight samples, including two subsurface sediment and six upland soil samples, 

were collected for TOC analysis. Table 7-3 presents the results of TOC sample 

analyses. 

F:\Docs\jobs\5 79207\Final_Sitel nvestRpt\Section07(Final)\Section7( 11-1 7).doc 
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Table 7-1 - Subsurface Sediment Samples from Lagoon Disposal Cells Submitted for Chemical Analyses Sheet 1 of 2 

Disposal Cell 
and Boring 

Cell 1 
Piezometer HC-G07 

Cell 2 

Piezometer HC-G05 

Cell 3 
Piezometers 
HC-G06A and G06B 

Cell 4 
Boring HC-G08 

Hart Crowser 

Material 
Type 

Non-Port Fill 

C;if> __ _ 
Port Confined 

[)r~ci!led M;iterial _ 
Non-Port Fill 

Gravel Slou!lh/Fill 

Alluvium 

Non-Port Fill 

Cap 

Port Confined 
Dred!led Material 

Non-Port Fill 

Alluvium 

Non-Port Fill 

Port Confined 

D_r_e_dged _f\;\;iterial 

Non-Port Fill 

Alluvium 

N_on£()rt Fill 

c:_ap __ - --- -- -
Port Confined 

[)r~cl!led _M~erial 

Non-Port Fill 
Alluvium 

Depth to Top of Unit 
in Feel 

Below Mudline 

0 

10 

13 
40 

so 
73 

0 

13 

16 

60 

86 

Top of Unit Elev. 
(Ross Island Datum) 

·11 mudline 

-21 

-24 

-51 

·61 

-84 

-10 mudline 

-70 - ·----- -~ ·- - -· 
-96 

Material Description 

Bro'Nn, sli!lh~ly_sjlty,_g~~lly _5_<I11cj 

G!ay, s~Bh~Y_!lr<lv~y, silty_ Sand 
Gray, sandy Silt and silty Sand with wood, and 

loc:'.'.~zicd pa~nt_'lnd ~h~1n~~:like ~-cJO! __ 
CJ!<lY?il!, sli!l~tly_s<111ciySilt,_a_nd ~and __ 

L()()S~, CJ!il\l.el_t()~a_ndy Gravel 
Very dense, gray-green, sandy Gravel 

Very dense, gray slightly silty, sandy Gravel 

Samples Submitted for 
Chemical Analyses 

(Hart Crowser) 

S-3 

5-5 

S-8 to S-17 SBLT 

_____ C:()f11p_o_sJtlC_ 
None 

None 
None 

None 

Samples Submitted for 
Chemical Analyses 

(Landau) 

None 

None 

S·6 and S·7 

S-19 

None 

None 

None 

None 

--·- -~--------- ------------- -----------------------------1-------------

3 

6 

39 

62 

Notr~St>nt_ abov_('! C::i!fl 

G-06A: S-2 G-06A: S-2 1 

G-06A: S-4 
G-068: S-2 None -27 Gray, silty Sand and silty, sandy Gravel 

------------- ------- Gr~y$ilt-;;-d~~~l-;ilty Sand-~lth:;~~d-an_d ____ , __ G_-0_6_B_:_S_-3-to-S--1 lSBLT- ------------
_______ -_:3() ______ p~si~l_('!_scatterie_<J_p_<lint c_~i~---------- ___ C~fl1_p()si_tie__ __________ c:;:()6_13_:S-1L __ _ 

Gray to dark gray silty, sandy Gravel, gravelly 
Sand, and sandy Sdt with concrete, PVC pipe, 

-63 'vV()()d an_cJ_plijs_~<:_ ______________ .. _______ No_n_i: _____ 0:.CJ68: ~l?i!f1<.l S-22 
-86 Very dense, dark gray sandy Gravel None G-068: S-26 and S-27 

-- -- ·---- _o _______ - -21 mudline S-3 None 
--~----------~-------..- - , __ -~--------

13.5 -35 

-57 

-101 

Gray Silt and silty Sand with scattered wood, S-8 to S-18 SBL T 

1J_ai_nLc_hipS,_'lf1.d \Vir_EC_____ _ ____________ C_omposit_('! _____ ------~o_n_e _______ _ 

Gray sandy Gravel, sandy Silt, and silty Sand 

with concrete, PVC pipe, metal shavings, wood, 

c:opper .md_ !lalvar1jz_~ wi~,_ a_1_1d clot~ 
Very dense, gray, silty, sandy Gravel 

None 
None 

S:~?_._S-30_'1_nj S-36 
None 
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Table 7-1 ·Subsurface Sediment Samples from Lagoon Disposal Cells Submitted for Chemical Analyses 

Disposal Cell 
and Boring 

Cell 5 
Piezometers 
HC-G13A and Gl 3B 

Material 
Type 

Non-Port Fill 

Cap 

Port Confined 

Depth to Top of Unit 
in Feet 

Below Mudline 

0 

17 

Top of Unit Elev. 
(Ross Island Datum) Material Description 

-69 mudline (;r~y,~ty~a_nd ~n~~n~)'Silt 

--------~~6 _____ Gray_~ilt_~nd_~ilty_Sa_ri_~ __ 

f:)~e_dge~fV\ate_rial_ _________ 22~---- ________ _:9_1 _____ G_r_~y~ilty_~~-nd an~~~-~~_lt_ _____ _ 

Non-Port Fill 
Alluvium 

Notes: 

-·--- -- -- 1-----
34 
45 

Material descriptions are summarized from the Appendix B Field Log descriptions. 

-103 
-114 

Gray Sand, silty Sand, Silt, and laminated Silt 
with Gravel and wood 

----- -----··-·---------- ---------~--~---·- ----
Very dense, dark gray sandy Gravel 

Table excludes subsurface sediment samples from other lagoon borings submitted by Landau for chemical analyses. 
Samples submitted for metals, SVOCs, PCBs, DDT, TPH, VOCs, and TOC. 
Hart Crowser composite samples of Port confined dredged materials also analyzed for pore water TBT. 
Landau samples also analyzed for bulk TBT on dry weight basis. 

( 1) Submitted for TOC only. 

Hart Crowser 

Samples Submitted for 
Chemical Analyses 

(Hart Crowser) 

G-138: S-7 

G-13A: S-2 

G-13A: S-3 to S-6, and 

G-136: S-13 to S-15 
____ ~B_L T C:omJ:J()Site_ __ _ 

G-13A: S-7 

Sheet 2 of 2 

Samples Submitted for 
Chemical Analyses 

(landau) 

G-13A: S-3 
_ (inclu~ed C:'P material) 

None 

None 

G-1~f3:_S-_1L~~~~f1~ S-19 _______ f\J()ri_e__ 
None None 
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Table 7-2 - Statistical Summary of Analytical Results for Subsurface Sediment Samples Sheet 1 of 3 

Detection Maximum Sample ID of 

Analyte Frequency Range Detection Maximum Detect. Mean 

Conventionals in % 
Carbon, Total Organic 12/12 0.15 to 2.85 2.85 HC-G08 Comp 0.86 

Solids, Total 13/13 61.3 to 85.3 85.3 HC-G06B S-2 70.25 

Metals in mg/kg 
Antimony, Total 1 /12 2.18 UJ to 8.6 J 8.6 J HC-G07-Comp 1.85 
Arsenic, Total 8/12 2.1 8 U to 24.4 24.4 HC-G07-Comp 4.83 

Cadmium, Total 3/12 0.3 U to 1.7 1.7 HC-G05-Comp 0.38 

Copper, Total 12/12 15.5 to 1340 1340 HC-G07-Comp 149 
Lead, Total 12/12 6.3 to 409 409 HC-G05-Com~ 72.98 
Mercury, Total 2/12 0.1Uto1.43 1.43 HC-G07-Comp 0.21 
Nickel, Total 12/12 18.1 J to 3 5.1 35.1 HC-G07-Comp 21.13 
Silver, Total 6/12 0.2 to 0.7 0.7 HC-G07-Comp 0.25 
Zinc, Total 12/12 40.5 to 960 960 HC-G07-Comp 167 

Pore Water TBT in µg/l 
Di-n-butyltin 3/5 0.05Uto1.1 1 .1 HC-G07-Comp 0.28 
T etra-n-b utylti n 1/5 0.05 U to 0.2 0.2 HC-G07-Comp 0.06 
T ri-n-b utylti n 5/5 0.23 to 27 27 HC-G07-Comp 6.33 
n-Butyltin 2/5 0.05 J to 0.2 0.2 HC-G07-Comp 0.07 

LPAHs in µg/kg 
2-Methylnaphthalene 3/12 50 U to 940 940 HC-G08 Comp 125 
Acenaphthene 4/12 50 U to 17000 17000 HC-G08 Comp 1531 
Acenaphthylene 0/12 50 U to 500 U N/A 43.75 
Anthracene 5/12 50 U to 14000 14000 HC-G08 Comp 1289 
Fluorene 3/12 50 U to 4800 4800 HC-G08 Comp 511 
Naphthalene 3/12 50 U to 1800 1800 HC-G08 Comp 197 
Phenanthrene 6/12 50 U to 53000 53000 HC-G08 Comp 5022 

HPAHs in µg/kg 
Benz(a)anthracene 7/12 50 U to 79000 79000 HC-G08 Comp 7146 
Benzo(a)pyrene 7/12 50 U to 89000 89000 HC-G08 Comp 7927 
Benzo(b )fluoranthene 7/12 50 U to 63000 63000 HC-G08 Comp 5736 
B enzo(k)fluoranthene 6/12 50 U to 59000 59000 HC-G08 Comp 5274 
Benzo{g,h, i)perylene 6/12 50 U to 51000 51000 HC-G08 Comp 4515 
Chrysene 7/12 50 U to 71000 71000 HC-G08 Comp 6471 
Dibenz(a,h)anthracene 3/12 50 U to 12000 12000 HC-G08 Comp 1075 
Fluoranthene 7/12 50 U to 120000 120000 HC-G08 Comp 11039 
I ndeno( 1,2,3-cd)pyrene 7 /12 50 U to 72000 72000 HC-G08 Comp 6392 
Pyrene 7/12 50 U to 11 0000 110000 HC-G08 Comp 10029 

Chlorinated Hydrocarbons 
in µg/kg 
1,2-0ichlorobenzene 0/8 1OUto1 OU N/A 5.00 

1,3-0ichlorobenzene 0/8 1OUto1 OU N/A 5.00 

1,4-0ichlorobenzene 0/8 1 OU to 1 OU N/A 5.00 
1,2,4-Trichlorobenzene 0/12 20 U to 500 U N/A 30.00 
H exachlorobenzene 0/12 20 U to 500 U N/A 30.00 
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Table 7-2 - Statistical Summary of Analytical Results for Subsurface Sediment Samples Sheet 2 of 3 

Detection Maximum Sample ID of 

Analyte Frequency Range Detection Maximum Detect. Mean 

Phthalates in µg/kg 
Bis(2-ethylhexyl) Phthalate 6/12 100 to 3600 3600 HC-G07-Comp 552 
Butyl Benzyl Phthalate 0/12 100 U to 500 U N/A 70.83 
Di-n-butyl Phthalate 1/12 100 U to 500 U 130 HC-G07-Comp 73.33 
Di-n-octyl Phthalate 0/12 100 U to 500 U N/A 70.83 
Diethyl Phthalate 0/12 100 U to 500 U N/A 66.67 
Dimethyl Phthalate 0/12 100 U to 500 U N/A 66.67 

Phenols in µg/kg 
2,4-D imethylphenol 0/12 20 U to 1 0000 U N/A 426 
2-Methylphenol 0/12 20 U to 5000 U N/A 218 
3- and 4-Methylphenol 0/12 1 00 U to 1 0000 U N/A 463 
Pentachlorophenol 0/11 250 U to 15000 U N/A 795 
Phenol 0/12 1 00 U to 2500 U N/A 150 

Miscellaneous in µg/kg 
Benzoic Acid 0/12 250 U to 12500 U N/A 635 
Benzyl Alcohol 0/12 25 U to 2500 U N/A 116 
Dibenzofuran 3/12 50 U to 1700 1700 HC-G08 Comp 204 
H exachlorobutadiene 0/12 20 U to 500 U N/A 30.00 
H exachloroethane 0/12 50 U to 2000 U N/A 106 
N-N itrosod i phenylam i ne 0/12 20 U to 500 U N/A 30.00 

TPH in mg/kg 
Diesel 0/12 10 U to 1 OU N/A 5.00 
Gasoline 0/12 10 UJ to 10 UJ N/A 5.00 
Heavy Fuel Oil 0/12 25 U to 25 U N/A 12.50 
Jet Fuel as JP-4 0/12 10 UJ to 10 UJ N/A 5.00 
Jet Fuel as Jet A 0/12 1OUto10 U N/A 5.00 
Kerosene 0/12 10 U to 10 U N/A 5.00 
Lube Oil 0/12 25 U to 25 U N/A 12.50 
Mineral Spirits 0/12 1 OU to 1 OU N/A 5.00 
Naphtha Distillate 0/12 10 UJ to 10 UJ N/A 5.00 
Non-PHC as Diesel 0/12 50 U to 50 U N/A 25.00 
PHC as Diesel 10/12 25 U to 640 640 HC-G07-Comp; 205 

HC-G08 Comp 
Pesticides/PCBs in µg/kg 

4,4'-DDD 5/12 3.3 to 59 59 HC-G07-Comp 8.21 
4,4'-DOE 5/12 2.3 U to 88 88 HC-G07-Comp 9.51 
4,4'-00T 3/12 6.7 U to 62 62 HC-G07-Comp 6.50 
Aroclor 1016 0/12 1 OU to 100 U N/A 8.75 
Aroclor 1 221 0/12 20 U to 200 U N/A 17.50 
Aroclor 1 232 0/12 1OUto100 U N/A 8.75 
Aroclor 1242 0/12 10 U to 100 U N/A 8.75 
Aroclor 1248 0/12 10 U to 100 U N/A 8.75 
Aroclor 1254 6/12 1 OU to 1900 1900 HC-G07-Comp 186 
Aroclor 1 260 6/12 1OUto1000 1000 HC-G07-Comp 109 
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Table 7-2 - Statistical Summary of Analytical Results for Subsurface Sediment Samples Sheet 3 of 3 

Detection 
Analyte Frequency 

Volatile Organics in µg/kg 
Benzene 0/8 
Ethylbenzene 0/8 
Toluene 0/8 
Trichloroethene (TCE) 0/8 
m,p-Xylenes 0/8 
a-Xylene 0/8 

U Not detected at indicated detection limit. 

J Estimated value. 

Hart Crowser 

Range 

5 U to 5 U 
5 U to 5 U 
5 U to 5 U 
5 U to 5 U 
5 U to 5 U 
5 U to 5 U 

Maximum 
Detection 

N/A 
N/A 
N/A 
N/A 
N/A 
N/A 

Sample ID of 
Maximum Detect. Mean 

2.50 
2.50 
2.50 
2.50 
2.50 
2.50 
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Table 7-3 - Total Organic Carbon Results for Soil and Subsurface Sediment Samples 

Lab ID Sample ID Depth below Material Sampling Total Organic 
Mudline or Ground Sampled Date Carbon in% 

Surface in Feet 

Soils (Upland Wells) 
K9909154-003 HC-MWOl A-S-2 16 to 17.5 Fill 12/16/99 0.31 
K9909154-002 HC-MWOl B-S-3 115 to 116.5 Alluvium 12/15/99 0.31 

K9909l 54-001 HC-MWOl C-S-11 About 159 (1) Troutdale Formation 12/14/99 0.05 u 
K9908781-008 HC-MW02C-S-l 4 About 1 70 ( 1) Troutdale Formation 12/14/99 0.05 u 
K9908760-001 HC-MW03A-S-2 25 to 26.5 Alluvium 12/03/99 0.35 

K9908760-002 H C-MW03 B-S-2 125 to 125.6 Alluvium 12/03/99 0.05 u 

Subsurface Sediment (Lagoon Borings) 
K9908467-001 HC-GOl-S-3 8 to 10 Non-Port Fill 12/08/99 0.62 
K9908467-004 HC-GOl-S-6 15 to 16.5 Non-Port Fill 12/08/99 0.21 

(1) Grab sample from cuttings. 
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Selected Chemical Constituent Concentrations 
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Selected Chemical Constituent Concentrations 
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Selected Chemical Constituent Concentrations 
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Selected Chemical Constituent Concentrations 
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8.0 GROUNDWATER AND SURFACE WATER CHEMICAL ANALYSES 

This section presents the results of chemical analyses of groundwater and 

surface water samples collected for the Port's investigation at Ross Island. 

Sampling activities are summarized in Section 4.0, with additional detail 

provided in Appendix B (Volume II). Section 5.0 describes the hydrogeologic 

properties of site groundwater and surface water. 

8. 1 Key Conclusions 

Hart Crowser 

J-5792-07 

Summary conclusions are listed below, with more detailed discussion of findings 

and data quality in subsequent sections . 

.,_ Port-related chemical constituents were detected in groundwater samples 

from piezometers installed within the lagoon containment cells . 

.,_ Groundwater quality in alluvial sands and gravels underlying the 

containment cells was comparable to the groundwater quality of deep 

upland wells, as summarized below. Therefore, no water quality impacts 

were noted . 

.,_ There were limited detections of metals and other constituents in upland 

well samples. Detected concentrations of arsenic and other metals were 

below regulatory screening levels for surface waters, indicating no 

impairment of the quality of the Troutdale Aquifer or deep groundwater 

within alluvial sands and gravels . 

.,_ Total arsenic concentration at shallow upland well MW-02A exceeded the 

regulatory screening levels for groundwater, as represented by Willamette 

River Basin background concentrations. Also, an elevated pH of 9.6 was 

detected in groundwater from this well. This well is screened in fill 

containing concrete and lime debris typical of wash-out wastes from 

concrete and cement processing. The presence of the wash-out debris is 

significant because this location lies roughly 400 to 500 feet in the inferred 

upgradient groundwater flow direction from surface sediment samples 

HC-5S16 and HC-5522 in Ross Island Lagoon (Section 6.0). These samples 

failed bioassay testing, and although the cause of these failures is uncertain, 

elevated ammonia and pH were detected in the pore water of these 

samples . 

.,_ Measured concentrations of dissolved manganese, nickel, and zinc 

exceeded surface water screening criteria in one or more flux chamber 
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samples. These samples represent a mixture of surface water and 

groundwater sources. Flux chamber chemistry data were used to estimate 

metals concentrations in groundwater discharging to the lagoon prior to 

dilution by surface water. Estimated concentrations of antimony, arsenic, 

cadmium, copper, iron, lead, manganese, nickel, and zinc exceeded surface 

water screening criteria in one or more of the flux chamber samples. 

However, flux chamber concentrations of cadmium, copper, nickel, and zinc 

were higher than concentrations in piezometer pore water samples obtained 

from containment cells below the flux chambers. These findings indicate 

that some other source for these constituents other than Port confined 

dredged material may be present. The absence of TBT and semivolatiles 

(two common Port-related constituents) in the flux chamber samples also 

supports this conclusion. 

Further, the accuracy of the flux chamber results is questionable because 

considerable uncertainty in the estimated seepage concentrations is 

introduced from the mixing equation used to determine the percentage of 

groundwater in the flux chamber samples. 

~ Surface water samples from Ross Island Lagoon and the adjacent Willamette 

River have similar chemistry. Detected metals concentrations were below 

surface water screening criteria, with no indication of water quality 

impairment. 

8.2 Overview of Investigation 

Hart Crowser 
J-5792-07 

Samples were collected in the field and submitted for chemical analyses 

according to the specifications in the Final Work Plan and Addendum. Sampling 

locations are identified on Figure 7-1. Statistical summaries of chemical analysis 

results are presented in Tables 8-1 and 8-2. A complete compilation of analytical 

results is presented in Appendix A. Data for groundwater samples from 

piezometers, and flux chambers are presented in Tables A-6a through A-6e for 

disposal Cells 1 through 5, respectively. These tables are organized to provide a 

side by side comparison of the piezometer and flux chamber sampling data for 

each cell, along with results of Sequential Batch Leaching Tests (SBLTs) 

presented in Section 10.3. Data for upland well groundwater samples are 

presented in Table A-7, and data from surface water samples are presented in 

Table A-8. Laboratory chemical analyses were conducted by CAS, based on 

protocols described in the Final Work Plan and Addendum (Hart Crowser, 

1999a and 1999b). 
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8.3 Sampling and Analysis Objectives 

Hart Crowser 
)·5792-07 

As an overall objective, field sampling tasks were designed to obtain information 

to evaluate potential risks associated with Port confined dredged materials 

disposed of in the Ross Island Lagoon. Sampling and analysis results were used 

to assess potential contaminant transport pathways (Section 10.0) and to 

evaluate human health and ecological risk (Section 12.0). Media-specific 

sampling objectives are listed below. 

Groundwater sampling addressed a number of comments by TAP concerning 

the quality of the Troutdale Aquifer, alluvial groundwater, and in-cell pore water. 

Also, deployment of flux chamber seepage meters was added to the 

investigation work scope to obtain samples of water seeping upward into 

surface waters of Ross Island Lagoon. Analysis of total metals was also added 

for comparison to dissolved metals results for groundwater and surface water at 

the request of the TAP and DEQ. 

Groundwater samples were collected in lagoon piezometers installed in four of 

the five in-water containment cells and from nine upland wells installed as three

well clusters at three locations. Additional lagoon piezometers were installed 

below two of the lagoon containment cells to provide additional water quality, 

flow, and gradient data. Flux chamber seepage meters were installed at the 

mudline above three of the containment cells. 

8.3.1 Groundwater Sampling and Analysis Objectives 

Groundwater sampling and analysis were performed to meet the following 

objectives: 

Iii- Determine overall groundwater quality within the Native Alluvium, Troutdale 

Formation, and upland Fill; 

Iii- Determine groundwater concentrations within the containment cells for use 

in the groundwater transport modeling presented in Section 1 O; 

Iii- Assess whether groundwater quality impacts have occurred as a result of 

migration of chemical constituents from Port confined dredged material; 

Iii- Determine chemical concentrations in groundwater seeping into Ross Island 

Lagoon above selected in-water containment cells (flux chamber 

deployment); and 
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.,,. Obtain leachant water for use during Sequential Batch Leaching Testing 

(SSL T) as discussed in Section 10.0. 

Groundwater samples were collected from lagoon piezometers installed within 

and below the containment cells during two sampling events. The first sampling 

event occurred in December 1999/January 2000, the second sampling occurred 

in April 2000. Groundwater samples were also collected from upland 

monitoring wells in January 2000. In addition, groundwater samples were 

collected in April 2000 from the flux chambers installed above the containment 

cells. 

Conclusions regarding each one of these objectives are presented above. The 

results of this sampling and analysis are presented in Section 8.5. 

8.3.2 Surface Water Sampling and Analysis Objectives 

Surface water sampling and analysis were conducted to evaluate ambient 

chemical conditions and physical properties for the lagoon surface water. 

Conclusions regarding this objective are presented above. The results of this 

sampling and analysis are presented in Section 8.6. Physical properties are 

described in Section 5.0 as they re!ate to the dynamics of lagoon circulation and 

flow. 

8.4 Data Quality Review 

Hart Crowser 
)·5792·07 

Chemistry data for Hart Crowser samples were subject to a data quality review 

as summarized below and presented in more detail in Appendix A. Following 

completion of laboratory chemical analyses, CAS submitted CLP-equivalent data 

packages for validation by Synectics. All data packages and the validation 

reports were further reviewed by Hart Crowser. Data validation tasks were 

completed in accordance with the project QAPP, Final Work Plan, Addendum, 

and EPA guidelines referenced in Section 6.0. Applicable data qualifiers are 

listed in the statistical summary Tables 8-1 and 8-2, and in the Appendix A data 

compilation. Duplicate samples collected to determine the precision of field 

methods are not included in the summary statistics. The samples were collected 

and analyzed according to the specifications in the Final Work Plan and 

Addendum. 

Based on the data validation results, the overall DQOs were met for the 

sampling and analysis program. The data presented are suitable for the purposes 

of the Port's site investigation. A summary of the data validation results is 

presented below discussing detection limits and acceptability of the data. The 
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QAPP and Appendix A should be referred to for additional information 

regarding DQOs and analytical QA/QC objectives for the project. 

8.4. 1 Groundwater Data Quality (Piezometers, Monitoring Wells, and 
Flux Chambers) 

Review of the groundwater analytical data indicated that some SVOCs, DDT, 

PCBs, and metal detection limits for the water samples were above the 

regulatory screening criteria but met the lowest practical DLGs that the 

laboratory could establish. The data quality generally met the specifications of 

the project, however, and the data are acceptable for use as qualified. A 

summary of water sample detection limits exceeding these criteria is presented 

in Table A-13 of Appendix A. The completeness of the associated data is 100 

percent. 

8.4.2 Surface Water Data Quality 

Review of the surface water analytical data indicated that some SVOCs, DDT, 

PCBs, and metal detection limits for the surface water samples were above the 

regulatory screening criteria, but met the lowest practical DLGs that the 

laboratory could establish. A summary of water sample detection limits 

exceeding these criteria is presented in Table A-13 of Appendix A. Based on the 

data validation as presented in Appendix A, the data quality generally met the 

specifications of the project, and the data are acceptable for use as qualified. 

The completeness of the associated data is 100 percent. 

8.5 Groundwater Chemistry Results 

Hart Crowser 
J-5792-07 

Evaluation of groundwater chemistry for the Port's investigation included 

laboratory analytical results from three separate field sampling efforts: 

IJ. Four lagoon piezometers installed within Cell 1, Cell 2, Cell 3, and Cell 5; 

IJ. Two additional piezometers installed in alluvium below Cell 3 and Cell 5; 

IJ. Nine upland groundwater monitoring wells; and 

IJ. Three flux chambers deployed at the lagoon mudline above Cell 2, Cell 3, 

and Cell 5. 

Locations of the piezometers, upland wells, and flux chambers are identified on · 

Figure 7-1. Hart Crowser collected thirteen groundwater samples from the 

lagoon piezometers during two sampling events in December 1999/january 
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2000 and April 2000. Sampling included two field QA/QC duplicates. To 

support the Port's investigation, Landau collected eleven samples from the 

upland wells in January 1999, including one field duplicate. Hart Crowser 

collected one groundwater sample from each of the three flux chambers in April 

2000. 

The piezometer samples were analyzed for conventional parameters, total and 

dissolved metals, TBT, SVOCs, DDT, PCBs, and VOCs. Upland groundwater 

samples were analyzed for the same list of constituents as the piezometer 

samples, with the exception of dissolved metals. Tables 8-1 a (Round 1 ), 8-1 b 

(Round 2), and 8-1 c present a statistical summary of these analytical results for 

each of the piezometer and monitoring well sampling events. Flux chamber 

samples were analyzed for total and dissolved metals, TBT, and SVOCs. Limited 

sample volume in flux chamber FC-02 (deployed above Cell 2) prevented the 

analysis of SVOCs. The flux chamber analyses were adjusted to account for 

dilution of the samples by overlying lagoon water. These data are presented in 

Table 8-1 d. A complete compilation of the groundwater analytical data is 

presented in Appendix A. 

8.5.1 Regulatory Screening Criteria and Background Comparison 

For comparative purposes, upland groundwater, flux chamber, and surface water 

data results were screened against EPA freshwater chronic (EPA, 1999), EPA 

human health consumption of organisms (EPA, 1999), Oregon freshwater 

chronic (DEQ, 1997), and Oregon human health consumption of organisms 

screening criteria (DEQ, 1997). The LCRMA (1998) pore water TBT criterion of 

0.1 5 ug/L was used as the screening level for TBT. 

Established background surface water concentrations were incorporated where 

appropriate. In accordance with Oregon State Regulations [OAR 340-041-0445 

(3)], in cases where background concentration is greater than the associated 

regulatory criterion, the background concentration is used as the applicable 

criterion. Estimated background concentrations for surface waters of the 

Willamette River Basin upstream from Ross Island were based on sampling data 

compiled by the USGS (1996a and 1997a). Background values were set at the 

90th percentile concentration. Arsenic, cadmium, copper, lead, manganese, and 

zinc had background concentrations greater than the lowest published 

regulatory criteria, as shown in Tables 8-1 and 8-2. Therefore, groundwater and 

surface water were compared to background values for these metals as the 

applicable regulatory screening level. 

During the tidal study, vertical groundwater flow gradients were determined to 

be upward, indicating that deeper groundwater in the Native Alluvium and 
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Troutdale Aquifer is not a potential receptor (Section 5.0). This was confirmed 

by the groundwater quality investigations discussed below. Additionally, no 

consumptive uses of groundwater were identified during the beneficial use 

survey of the Ross Island vicinity (Section 9.0). Federal and state drinking water 

standards, therefore, were not used to evaluate groundwater quality. 

8.5.2 Analytical Results - Lagoon Piezometers 

Lagoon piezometers installed in Port confined dredged material were used to 

collect groundwater quality data in support of the fate and transport modeling 

discussed in Section 10. This modeling was performed to predict groundwater 

quality at the point of discharge at the lagoon mudline. As shown on Figure 7-1, 

groundwater piezometers were installed in each of the cells containing Port 

confined dredged materials, except Cell 4: 

.,.. Cell 1. Piezometer HC-G07; 

.,.. Cell 2. Piezometer HC-G05; 

.,.. Cell 3. Piezometer HC-G06A; and 

.,.. Cell 5. Piezometer HC-G13A. 

Two additional piezometers, HC-G06B and HC-G13B, were installed in alluvial 

sands and gravels beneath Cell 3 and Cell 5, respectively. These piezometers 

were used to determine if there is any impact to groundwater beneath the 

disposal cells containing Port confined dredged materials. Due to failure of the 

PVC casing at H C-G 13A, this piezometer was not sampled during the second 

round of sampling. 

The analytical results of the two rounds of piezometer sampling were generally 

comparable, except for HC-G06A. The concentrations of detected constituents 

in HC-G06A tended to be higher in the second round of sampling than those 

from the first. During the first round of sampling, the casing for HC-G06A broke 

prior to sampling. Comparison of first and second round results, along with 

lagoon surface water indicates that the initial sampling of HC-G6A may have 

been contaminated with surface water. 

Metals 

With the exception of antimony and silver, total and dissolved target metals 

were consistently detected in the piezometer samples (Table 8-1 a). 

Concentrations in the deep piezometers below the containment cells were 

consistent with concentrations detected in upland wells screened in the same 

material (see the following section), indicating no impairment of groundwater 

quality below cells containing Port confined dredged materials. In samples from 
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piezometers completed in Port confined dredged materials, concentrations of 

arsenic, calcium, copper, iron, manganese, nickel, and zinc were typically 

elevated relative to those in deeper groundwater. 

TBT 

TBT was detected in one or both sampling rounds for all piezometers finished in 

Port confined dredged materials. Detected TBT concentrations ranged from 

0.07 to 1.72 ug/L. TBT was not detected in any of the deep piezometers. 

Other Constituents 

Other detected constituents included low concentrations of several LPAHs, di-n

butyl phthalate, and 3- and 4-methyl phenol in Cell 5, and di-n-butyl phthalate 

and several VOCs in Cell 2. No other SVOCs, DDT, PCBs, or VOCs were 

detected. 

8.5.3 Analytical Results - Upland Monitoring Wells 

Each upland monitoring well location on Figure 7-1 consists of a cluster of three 

separate wells screened in shallow fill or alluvium ("A" wells), deep alluvium ("B" 

wells), and the Troutdale Formation ("C" wells). Compounds detected in these 

wells were limited mainly to total metals and conventional compounds, with a 

few isolated detections of SVOCs and pesticides at low concentrations below 

the analytical detection limits. 

To establish overall water quality for the upland wells, analytical data were 

compared to the screening criteria for surface water discussed in Section 8.5.1. 

There were no exceedences of screening criteria at any location (Table 8-1 c, and 

Table A-7 in Appendix A). The majority of the target metals were detected in the 

upland well groundwater samples except for mercury and silver. The 

concentrations of metals in the "B" and "C" wells are indicative of ambient, 

groundwater conditions in the site vicinity. There is no indication that water 

quality has been impacted. 

The total arsenic concentration in the shallow upland fill screened by well 

MW-02A was 5.4 ug/L, which is higher than surface water screening criteria 

represented by background conditions for the Willamette River Basin. Well 

MW-02A also had elevated pH. Typical pH values for other upland wells ranged 

from approximately 6 to 8, while the pH at MW-02A was measured as 9.6. The 

elevated pH level in MW-02 is not unexpected because the well is screened in 

concrete and lime debris typical of wash-out wastes from concrete and cement 

processing. 
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8.5.4 Analytical Results - Lagoon Flux Chambers 

Three flux chamber seepage meters were installed over Cell 5 (flux chamber 

FC-01 ), Cell 2 (FC-02), and Cell 3 (FC-03) to collect groundwater samples 

between January and April 2000 (Figure 7-1 ). As discussed in Section 5.0, 

groundwater seepage rates are extremely low, with less than 2 liters per month 

collected at each location. As a result of limited volume, flux chamber samples 

were analyzed for an abbreviated list of analytes. Samples FC-01 and FC-03 

were analyzed for total and dissolved metals, TBT, semivolatile organics, TOC, 

and TSS. Sample FC-02 was analyzed for the same list of constituents as FC-01 

and FC-03, except no semivolatile organics analyses were performed based on 

limited sample volume. 

Estimate of Groundwater Seepage Concentration from Flux Chamber 
Data 

Samples collected from the flux chambers are composed of a mixture of 

groundwater discharging to the chamber and lagoon water trapped during 

chamber placement. As a result, the chemistry data reflect contributions from 

both of these sources. The volume of water collected over the sampling period 

was used with a simple mixing equation (see Appendix D-1) to estimate the 

percent groundwater and percent lagoon water in each flux chamber. Using 

these percentages and average values for lagoon water chemistry, mass balance 

calculations were performed to estimate metals concentrations in groundwater 

discharging to the lagoon. Table 8-1 d presents estimated percent of 

groundwater and lagoon water in each chamber, raw concentration data 

representing mixed surface water and groundwater, and the estimated 

groundwater discharge concentrations. In some cases the mass balance 

approach failed, predicting negative concentrations. This occurred with FC-01 

and FC-02 due to relatively high detection limits for mercury in the surface water 

samples. At FC-03, there were mass balance calculation problems with dissolved 

iron, magnesium, manganese, and zinc. 

Regardless, raw flux chamber chemistry data indicate some source of elevated 

metals concentrations, particularly manganese, nickel, and zinc. Because 

measured surface water concentrations of these constituents are lower than 

measured flux chamber concentrations, this indicates that elevated groundwater 

seepage concentrations are the source of these detections. Additional rationale 

for excluding the Port dredge materials as a potential source of detected flux 

chamber constituents is presented in Section 10.0. 
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To establish overall water quality for the groundwater seepage to the lagoon, 

analytical data were compared to the screening criteria discussed in Section 

8.5.1. However, errors inherent in the mixing analysis indicate that there is 

considerable uncertainty in the estimated seepage concentrations of metals and 

other constituents detected. Although Hart Crowser is confident in the 

representativeness of the sampling and analytical methods used to reach these 

conclusions, uncertainties introduced from the mixing model affect the accuracy 

of the estimated seepage concentrations. Further, the Port confined dredged 

materials are clearly not a source of the chemical constituents detected in the 

flux chamber samples. This conclusion is based on comparison of the flux 

chamber results with groundwater quality data from the containment cell 

piezometers, the low seepage rates measured with the flux chamber, and 

information from contaminant transport modeling as discussed further in Section 

10.0. The flux chamber seepage concentrations are higher than those currently 

detected in pore water from the underlying containment cells, and no TBT or 

semivolatile compounds (two common constituents related to Port confined 

dredged materials) were detected in the flux chamber samples, as they were in 

underlying containment cell piezometer groundwater samples. 

Metals 

Estimated concentrations of dissolved copper, iron, manganese, nickel, and zinc 

exceed screening criteria at FC-01 and FC-02. Estimated dissolved lead 

concentrations also exceed screening criteria at FC-02. At FC-03, estimated 

dissolved arsenic, cadmium, and copper concentrations exceed screening 

criteria. However, estimated flux chamber concentrations of cadmium, copper, 

nickel, and zinc were higher than current measured piezometer groundwater 

and SBLT leachate concentrations (discussed in Section 10) from containment 

cells below the flux chambers. This indicates that there is some source for these 

metals other than the containment cells. 

TBT 

TBT was not detected in the three flux chamber samples. 

Semivolatiles 

Semivolatile organics were not detected in flux chamber samples FC-01 and 

FC-03. As mentioned previously, FC-02 was not analyzed for semivolatiles due 

to limited sample volume. 
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8.6 Surface Water Chemistry 

Hart Crowser 
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Hart Crowser collected eight surface water samples for chemical analyses during 

the December 1999 sampling event, including one field QA/QC duplicate 

sample. Locations are identified on Figure 7-1 for samples collected in the 

lagoon and adjacent Willamette River. The lagoon samples were collected at 

water depths of 10 and 60 feet near Cell 5 (samples HC-SW03A and 

HC-SW038) and in the northern lagoon (samples HC-SW04A and HC-SW048). 

The remaining samples were collected near Cell 1 (HC-SW02), at the lagoon 

entrance (HC-SWOS), and upstream in the Willamette River near the south end 

of the island (HC-SW01) at water depths of 10 feet. Shallow water prevented 

collecting deeper samples at these locations. 

The surface water samples were analyzed for conventional parameters, total and 

dissolved metals, TBT, SVOCs, DDT, PCBs, and VOCs. A complete compilation 

of surface water analytical data is presented in Appendix A (Table A-8). 

8.6.1 Regulatory Screening Criteria and Background Comparison 

Surface water data were screened against state and EPA water quality criteria 

and Willamette River Basin background concentrations. 

8.6.2 Analytical Results 

Total and dissolved metals and conventionals were the only compounds 

detected in the surface water samples (Table 8-2). In general, these constituents 

were detected at comparable concentrations in the surface water samples, 

indicating well mixed water of similar chemistry within and outside the lagoon 

(Appendix A, Table A-8). There was little variation in the concentration of the 

conventional constituents and metals with depth in samples HC-SW03A/B 

(Cell 5) and HC-SW04A/B (northern lagoon). 

Concentrations of detected total and dissolved metals including arsenic, calcium, 

copper, iron, magnesium, manganese, sodium, and zinc were comparable in the 

lagoon samples and the upstream ambient Willamette River sample HC-SW01. 

The lagoon chemistry was, therefore, comparable to the upstream ambient 

condition at the time of the sampling. All samples were below the surface water 

screening criteria discussed in Section 8.6.1. These results indicate that there are 

no impacts to surface waters of Ross Island Lagoon. 
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Table 8-1 a - Statistical Summary of Analytical Results for lagoon Piezometer Sheet 1 of 3 

Groundwater Samples (Round 1) 

Detection 
Analyte Frequency Range Mean 

Conventionals in mg/L 
pH (1) 7/7 5.95 to 8.05 6.78 
Bicarbonate as CaC03 5/5 22 to 144 69.60 
Carbon, Dissolved Organic 4/5 0.5 U to 1.4 1.01 
Carbon, Total Organic 1/2 0.5 U to 9.9 5.08 
Chloride 7/7 3.1 to 6.2 4.20 
Hardness, Total as CaC03 4/4 23.2 to 66.2 34.40 
Nitrate as Nitrogen 6/7 0.2 UJ to 0.7 0.54 
Nitrite as Nitrogen 0/7 0.2 U to 0.2 U 0.10 
Salinity 1/7 0.1 Uto0.5 0.11 
Sulfate 7/7 2.4 to 12.6 4.51 
Total Alkalinity as CaC03 7/7 22 to 562 J 151 
Total Suspended Solids 6/7 5 U to 322 62.93 

Dissolved Metals in µg/L 
Antimony, Dissolved 0/7 0.5 U to 2.5 UJ 0.43 
Arsenic, Dissolved 6/7 0.3 to 9.4 1.96 
Cadmium, Dissolved 1/7 0.2 U to 1 U 0.14 
Calcium, Dissolved 7/7 5930 to 92700 28001 
Copper, Dissolved 6/7 0.6 to 1.3 0.93 
Iron, Dissolved 6/7 20 U to 27700 6509 
Lead, Dissolved 0/7 0.2 U to 1 U 0.10 
Magnesium, Dissolved 7/7 1970 to 34700 12131 
Manganese, Dissolved 7/7 13.7 to 3730 851 
Mercury, Dissolved 0/7 0.005 U to 0.005 U 0.0025 
Nickel, Dissolved 6/7 0.6 to 7.2 1.96 
Potassium, Dissolved 4/7 2000 U to 4950 2357 
Silver, Dissolved 0/7 0.2 U to 1 U 0.17 
Sodium, Dissolved 7/7 4240 to 1 6800 9901 
Zinc, Dissolved 7/7 0.7 to 7.9 2.80 

Total Metals in µg/L 
Antimony, Total 0/7 0.5 U to 2.5 UJ 0.50 
Arsenic, Total 6/7 0.4 to 13.1 2.46 
Cadmium, Total 1/7 0.2 U to 1 U 0.27 
Calcium, Total 7/7 5890 to 123000 29047 
Copper, Total 7/7 0.3 to 20.5 4.74 
Iron, Total 7/7 134 to 48300 8536 
Lead, Total 5/7 0.2 U to 9.2 2.00 
Magnesium, Total 7/7 2070 to 49200 13157 
Manganese, Total 7/7 31 to 5480 960.13 
Mercury, Total 2/6 0.005 U to .04 0.01 
Nickel, Total 6/7 0.9 to 14.6 3.11 
Potassium, Total 3/7 2000 U to 5570 2247 
Silver, Total 0/7 0.2 U to 1 U 0.20 
Sodium, Total 7/7 41 90 to 1 8 700 9506 
Zinc, Total 7/7 0.6 to 39.3 8.53 
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Table 8-1 a - Statistical Summary of Analytical Results for Lagoon Piez.ometer Sheet 2 of 3 

Groundwater Samples (Round 1) 

Detection 

Analyte Frequency Range Mean 

TBT in µg/L 
Di-n-butyltin 1/7 0.05 U to 0.59 0.11 

Tetra-n-butyltin 0/7 0.05 U to 0.05 U 0.03 

Tri-n-butyltin 2/7 0.05 U to 1.72 0.29 

n-Butyltin 3/7 0.05 U to 0.21 0.07 

LPAHs in µg/L 
2-Methylnaphthalene 0/7 0.1 U to 0.1 U 0.05 

Acenaphthene 1/7 0.1 U to 0.4 0.10 

Acenaphthylene 0/7 0.1 U to 0.1 U 0.05 

Anthracene 0/7 0.1 U to 0.1 U 0.05 

Fluorene 1/7 0.1 U to 0.3 0.09 

Naphthalene 0/7 0.1 U to 0.1 U 0.05 

Phenanthrene 1/7 0.1 U to 0.2 0.07 

HPAHs in µg/L 
Benz(a)anthracene 0/7 0.1 U to 0.1 U 0.05 

Benzo(a)pyrene 0/7 0.1 U to 0.1 U 0.05 

Benzo(b )fluoranthene 0/7 0.1 U to 0.1 U 0.05 

Benzo(k)fl uoranthene 0/7 0.1 U to 0.1 U 0.05 

Benzo(g,h,i)perylene 0/7 0.1 U to 0.1 U 0.05 

Chrysene 0/7 0.1 U to 0.1 U 0.05 

Dibenz(a,h)anthracene 0/7 0.1 U to 0.1 U 0.05 

Fluoranthene 0/7 0.1 U to 0.1 U 0.05 

I ndeno( 1,2,3-cd)pyrene 0/7 0.1 U to 0.1 U 0.05 

Pyrerie 0/7 0.1 U to 0.1 U 0.05 

Chlorinated Hydrocarbons in µg/L 
1,2-Dichlorobenzene 0/7 2 U to 2 U 1.00 

1,3-Dichlorobenzene 0/7 2 U to 2 U 1.00 

1,4-Dichlorobenzene 0/7 2 U to 2 U 1.00 

1,2,4-Trichlorobenzene 0/7 0.1 U to 0.1 U 0.05 

H exachlorobenzene 0/7 0.1 U to 0.1 U 0.05 

Phthalates in µg/L 
Bis(2-ethylhexyl) Phthalate 0/7 2 U to 2 U 1.00 

Butyl Benzyl Phthalate 0/7 0.1 U to 0.1 U 0.05 

D i-n-b utyl Phthalate 2/7 0.1 U to 1.8 0.34 

D i-n-octyl Phthalate 0/7 0.1 U to 0.1 U 0.05 

Diethyl Phthalate 0/7 0.1 U to 0.1 U 0.05 

Dimethyl Phthalate 0/7 0.1 U to 0.1 U 0.05 

Phenols in µg/L 
2,4-Dimethylphenol 0/7 0.5 U to 0.5 U 0.25 

2-Methylphenol 0/7 0.5 U to 0.5 U 0.25 

3- and 4-Methylphenol 1/7 0.5 U to 2.6 0.59 

Pentachlorophenol 0/7 0.5 U to 0.5 U 0.25 

Phenol 0/7 0.5 U to 0.5 U 0.25 
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Table 8-1 a - Statistical Summary of Analytical Results for Lagoon Piezometer 
Groundwater Samples (Round 1) 

Detection 

Analyte Frequency Range Mean 

Miscellaneous in µg/L 
Benzoic Acid 0/7 6 U to 6 U 3.00 

Benzyl Alcohol 0/7 1 U to 1 U 0.50 

Dibenzofuran 0/7 0.1 U to 0.1 U 0.05 

H exachlorobutadiene 0/7 0.1 U to 0.1 U 0.05 

H exachloroethane 0/7 0.1 U to 0.1 U 0.05 

N-N itrosodiphenylamine 0/7 0.1 U to 0.1 U 0.05 

Pesticide/PCBs in µg/L 
4,4'-DDD 0/7 0.01 U to 0.01 U 0.01 

4,4'-DDE 0/7 0.01 U to 0.01 U 0.01 

4,4'-DDT 0/7 0.01 U to 0.01 U 

Aroclor 1016 0/7 0.1 U to 0.2 U 

Aroclor 1221 0/7 0.1 U to 0.4 U 

Aroclor 1232 0/7 0.1 U to 0.2 U 

Aroclor 1 242 0/7 0.1 U to 0.2 U 

Aroclor 1 248 0/7 0.1 U to 0.2 U 

Aroclor 1254 0/7 0.1 U to 0.2 U 

Aroclor 1260 0/7 0.1 U to 0.2 U 

Volatiles in µg/L 
Benzene 0/7 1 U to 1 U 0.50 
Ethylbenzene 1/7 1 U to 1.2 0.60 

Toluene 1/7 1 U to 3.9 0.99 
Trichloroethene (TCE) 0/7 1 U to 1 U 0.50 
m,p-Xylenes 1/7 1 U to 5.2 1.17 
a-Xylene 1/7 1 U to 2.4 0.77 

u Not detected at indicated detection limit. 

J Estimated value. 

(1) pH measured in the field. Complete pH data presented in Appendix B Table B-5. 

Sheet 3 of 3 
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Table 8-1 b - Statistical Summary of Analytical Results for Lagoon Piezometer Sheet 1 of 3 

Groundwater Samples (Round 2) 

Analyte Detection 
Frequency Range Mean 

Conventionals in rng/L 
pH (1) 4/4 6.69 to 7.79 7.32 

Bicarbonate as CaC03 5/5 18 to878 342 

Carbon, Dissolved Organic 2/5 0.5 U to 21.8 6.47 

Carbon, Total Organic 3/5 0.5 U to 30.8 9.84 

Chloride 5/5 3 to 25.6 10.92 

Hardness, Total as CaC03 5/5 24.2 to 683 273.44 

Nitrate as Nitrogen 3/5 0.1 to 2.9 0.66 

Nitrite as Nitrogen 0/5 0.1 U to .2 U 0.07 

Salinity 2/5 0.1 U to .5 0.21 

Sulfate 5/5 0.2 to 15.1 4.78 

Total Alkalinity as CaC03 5/5 27 to 878 343.8 

Total Suspended Solids 5/5 7 to 384 84.4 

Dissolved Metals in µg/L 
Antimony, Dissolved 1/5 0.5 to 0.5 0.3 

Arsenic, Dissolved 5/5 0.4 to 10.5 3.62 

Cadmium, Dissolved 1/5 0.2 to 0.2 0.12 

Calcium, Dissolved 5/5 6330 to 152000 65206 

Copper, Dissolved 4/5 0.2 to 0.8 0.5 

Iron, Dissolved 5/5 62.9 to 79500 22689.6 

Lead, Dissolved 0/5 0.2 U to 0.2 U 0.1 
Magnesium, Dissolved 5/5 2110 to 57800 23702 
Manganese, Dissolved 5/5 4.08 to 288 123.896 

Mercury, Dissolved 2/5 0.001 J to 0.003 0.0011 

Nickel, Dissolved 5/5 1 to 17.6 5.7 
Potassium, Dissolved 4/5 2000 U to 6560 3688 
Silver, Dissolved 0/5 0.2 U to 0.2 U 0.1 
Sodium, Dissolved 5/5 4920 to 64700 27924 
Zinc, Dissolved 3/5 0.5 U to 8.9 J 2.4 

Total Metals in µg/L 
Antimony, Total 1/5 0.5 U to 0.6 0.32 
Arsenic, Total 5/5 0.4 to 11.1 3.82 
Cadmium, Total 1/5 0.2 U to 0.4 0.16 
Calcium, Total 5/5 6230 to 169000 68426 
Copper, Total 5/5 0.2 to 10.3 J 2.64 
Iron, Total 5/5 247 to 88600 26319.4 
Lead, Total 3/5 0.2 U to 9.4 2.22 
Magnesium, Total 5/5 2090 to 63400 24898 
Manganese, Total 5/5 10.6 to 297 131.08 
Mercury, Total 4/5 0.001 J to 0.019 0.0049 
Nickel, Total 5/5 1.1 to 33.6 9.14 
Potassium, Total 4/5 2000 U to 7410 3856 
Silver, Total 0/5 0.2 U to 0.2 U 0.1 
Sodium, Total 5/5 4850 to 63600 28370 
Zinc, Total 4/5 0.5 U to 39.5 J 8.85 
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Table 8-1 b - Statistical Summary of Analytical Results for Lagoon Piezometer Sheet 2 of 3 

Groundwater Samples (Round 2) 

Analyte Detection 
Frequency Range Mean 

TBT in µg/l 
Di-n-butyltin 1/5 0.05 UJ to 0.1 0.04 

Tetra-n-butyltin 0/5 0.05 U to 0.05 U 0.025 

Tri-n-butyltin 2/5 0.05 UJ to 0.21 J 0.069 

n-Butyltin 2/5 0.05 J to 0.27 0.079 

LPAHs in µg/l 
2-Methylnaphthalene 2/5 0.1 U to 5 1.11 

Acenaphthene 2/5 0.1 UJto8J 1.69 

Acenaphthylene 0/5 0.1 U to 0.1 u 0.05 

Anthracene 0/5 0.1 U to 0.1 U 0.05 

Fluorene 2/5 0.1 to2.5 0.55 

Naphthalene 2/5 0.1 U to 5.8 1.27 

Phenanthrene 2/5 0.1 U to 0.8 0.25 

HPAHs in µg/l 
Benz(a)anthracene 0/5 0.1 U to 0.1 U 0.05 

Benzo(a)pyrene 0/5 0.1 U to 0.1 U 0.05 

Benzo(b)fluoranthene 0/5 0.1 U to 0.1 U 0.05 

Be nzo(k)fl uoranth ene 0/5 0.1 U to 0.1 U 0.05 

Benzo(g,h, i)perylene 0/5 0.1 U to 0.1 U 0.05 

Chrysene 0/5 0.1 U to 0.1 U 0.05 

Dibenz(a,h)anthracene 0/5 0.1 U to 0.1 U 0.05 

Fluoranthene 2/5 0.1 U to 0.2 0.11 

lndeno(l ,2,3-cd)pyrene 0/5 0.1 U to 0.1 u 0.05 

Pyrene 2/5 0.1 to 0.2 0.09 

Chlorinated Hydrocarbons in µg/l 
1,2,4-Trichlorobenzene 0/5 0.1 U to 0.1 u 0.05 

H exachlorobenzene 0/5 0.1 U to 0.1 u 0.05 

Phthalates in µg/l 
Bis(2-ethylhexyl) Phthalate 0/5 2 U to 2 U 

Butyl Benzyl Phthalate 0/5 0.1 U to 0.1 u 0.05 

Di-n-butyl Phthalate 1/5 0.1 to 0.1 0.06 

D i-n-octyl Phthalate 0/5 0.1 U to 0.1 u 0.05 

Diethyl Phthalate 0/5 0.1 U to 0.1 u 0.05 

Dimethyl Phthalate 0/5 0.1 U to 0.1 u 0.05 

Phenols in µg/l 
2,4-Dimethylphenol 0/5 0.5 U to 0.5 U 0.25 

2-Methylphenol 0/5 0.5 U to 0.5 U 0.25 

3- and 4-Methylphenol 0/5 0.5 U to 0.5 U 0.25 

Pentachlorophenol 0/5 0.5 U to 0.5 U 0.25 

Phenol 0/5 0.5 U to 0.5 U 0.25 
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Table 8-1 b - Statistical Summary of Analytical Results for Lagoon Piezometer 
Groundwater Samples (Round 2) 

Analyte Detection 

Frequency Range Mean 

Miscellaneous in µg/L 
Benzoic Acid 0/5 6 U to 6 U 3 
Benzyl Alcohol 0/5 1 U to 1 U 0.5 
Dibenzofuran 1/5 0.1 U to 2 0.44 

Hexachlorobutadiene 0/5 0.1 U to 0.1 U 0.05 
Hexachloroethane 0/5 0.1 U to 0.1 u 0.05 

N-N itrosodiphenylamine 0/5 0.1 U to 0.1 U 0.05 

Pesticide/PCBs in µg/L 
4,4'-DDD 0/5 0.01 U to 0.01 u 0.005 
4,4'-DDE 0/5 0.01 U to 0.01 u 0.005 
4,4'-DDT 0/5 0.01 U to 0.01 U 

Aroclor 1016 0/5 0.1 U to 0.2 U 
Aroclor 1221 0/5 0.1 U to 0.4 U 

Aroclor 1232 0/5 0.1 U to 0.2 U 

Aroclor 1242 0/5 0.1 U to 0.2 U 
Aroclor 1248 0/5 0.1 Uto0.2U 
Aroclor 1254 0/5 0.1 U to 0.2 U 
Aroclor 1 260 0/5 0.1 U to 0.2 U 

Total PCBs 0/5 0.1 U to 0.4 U 0.13 

Volatiles in µg/L 
Benzene 0/5 0.5 U to 0.5 U 0.25 
Ethylbenzene 0/5 0.5 U to 0.5 U 0.25 
Toluene 2/5 0.5 U to 1.3 0.552 
Trichloroethene (TCE) 0/5 0.5 U to 0.5 U 0.25 
m,p-Xylenes 0/5 0.5 U to 1 U 0.45 
a-Xylene 4/5 0.5 U to 0.67 0.536 

u Not detected at indicated detection limit. 

J Estimated value. 

(1) pH measured in the field. Complete pH data presented in Appendix B Table B-5. 

Sheet 3 of 3 

Hart Crowser 579207\Final51\Section8\sect8tables.xls-Table 8-1 b 

L WG-PCI0090521 



Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples Sheet 1 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 
Frequency Freshwater Freq. I luman Health Freq. Freshwater Freq. Human Health Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Conventionals in mg/L 
pH 9/9 5.78to9.61 7.41 

Carbon, Dissolved Organ 9/9 0.3 J to 9.2 1.94 
Chloride 9/9 2.4 tol38 20.19 230 0/9 230000 0/9 
Nitrate as Nitrogen 4/9 0.2 J to 1.9 0.38 
Nitrite as Nitrogen 1/9 0.2 U to 2.9 0.43 

Salinity 2/9 0.1 to 0.3 0.08 
Sulfate 9/9 0.3 to 44.9 10.79 

Total Suspended Solids 5/9 5 U to 240 35.00 

Total Metals in pg/L 
Antimony, Total 2/9 0.04 U to 0.21 0.05 2.7 0/9 
Arsenic, Total 8/9 0.4 U to 5.4 1.86 2.6 2/9 
Cadmium, Total 0/9 0.04 U to 0.09 0.02 0.5 0/9 
Calcium, Total 9/9 15300 to 5200 25900 

Copper, Total 9/9 0.13 to 4.79 0.79 9.3 0/9 
Iron, Total 7/9 10 U to 12800 1531 3595 1/9 
Lead, Total 0/9 0.02 U to 0.04 0.01 4 0/9 

Magnesium, Total 9/9 3840 to 23700 13571 

Manganese, Total 9/9 2.53 to 586 231.72 390 1/9 

Mercury, Total 0/9 0.005 U to 0.00 0.00 0.08 0/9 

Nickel, "Total 9/9 0.54 to 5.26 1.78 7.1 0/9 
Potassium, Total 7/9 1000 UJ to 6790 2221 
Silver, Total 0/9 0.04 U to 0.04 0.02 0.5 0/9 

Sodium, Total 9/9 8680 to 75000 19948 

Zinc, Total 5/9 0.32 U to 33.3 4.35 53 0/9 

TBT in 1Jg/L 
Di-n-butyltin 0/9 .05 U to .05 U 0.03 

Tetra-n-butyltin 0/9 .05 U to .05 U 0.03 

T ri-n-butyltin 0/9 .02 U to .02 U 0.01 0.15 0/9 
n-Butyltin 0/9 .05 U to .05 U 0.03 
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Table 8-lc- Statistical Summary of Analytical Results for Upland Well Samples Sheet 2 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

LPAHs in pg/l 
2-Methylnaphthalene 0/9 10 U to 10 U 5 
Acenaphthene 0/9 1OUto10 U 5 2700 0/9 520 0/9 
Acenaphthylene 0/9 10 U to 10 U 5 
Anthracene 0/9 1OUto10 U 5 110000 0/9 
Fluorene 0/9 10 U to 10 U 5 14000 0/9 
Naphthalene 0/9 10 U to 10 U 5 620 0/9 
Phenanthrene 0/9 10 U to 10 U 5 

HPAHs in 1-1g/l 
Benz( a)anthracene 1/9 .3 J to 10 U 4.48 0.049 1 /1 
Benzo( a)pyrene 0/9 10 U to 1 OU 5 0.049 0/0 
Benzo(b)fluoranthene 1 /9 .2 J to 10 U 4.47 
Benzo( k)fluoranthene 0/9 10 U to 10 U 5 
Benzo(g,h,i)perylene 0/9 10 U to 10 U 5 
Chrysene 1/9 .3 J to 10 U 4.48 0.049 1/1 
Dibenz( a,h)anthracene 0/9 10 U to 10 U 5 0.049 0/0 
Fluoranthene 1/9 .2 J to 10 U 4.47 370 0/9 
lndeno( 1,2,3-cd)pyrene 0/9 10 U to 10 U 5 0.049 0/0 
Pyrene 0/9 1OUto10 U 5 11000 0/9 

Chlorinated Hydrocarbons in 1-1g/L 
1,2-Dichlorobenzene 0/9 10 U to 10 U 5 17000 0/9 
1,3-Dichlorobenzene 0/9 10 U to 10 U 5 2600 0/9 
1,4-Dichlorobenzene 0/9 10 U to 10 U 5 2600 0/9 
1,2,4-T richlorobenzene 0/9 10 U to 10 U 5 940 0/9 
Hexachlorobenzene 0/9 10 U to 10 U 5 0.00077 0/0 0.00074 0/0 

Phthalates in 1-1g/l 
Bis(2-ethylhexyl) Phthalat 0/9 10 U to 10 U 5 5.9 0/0 50000 0/9 
Butyl Benzyl Phthalate 0/9 10 U to 10 U 5 5200 0/9 
Di-n-butyl Phthalate 0/9 10 U to 10 U 5 12000 0/9 154000 0/9 
Di-n-octyl Phthalate 1 /9 .3 J to 10 U 4.48 
Diethyl Phthalate 0/9 10 U to 10 U 5 120000 0/9 1800000 0/9 
Dimethyl Phthalate 0/9 10 U to 10 U 5 2900000 0/9 2900000 0/9 
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Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples Sheet 3 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Phenols in 1-1g/L 
2,4-Dimethylphenol 0/9 10 U to 10 U 5 2300 0/9 
2-Methylphenol 0/9 10 U to 10 U 5 
3- and 4-Methylphenol 0/9 10 U to 10 U 5 
Pentachlorophenol 0/9 25 U to 25 U 15 0/0 8.2 0/0 13 0/0 
Phenol 0/9 10 U to 10 U 5 4600000 0/9 2560 0/9 
2,4,5-T richlorophenol 0/9 10 U to 10 U 5 
2,4,6-Trichlorophenol 0/9 10 U to 10 U 5 
2,4-Dichlorophenol 0/9 10 U to 10 U 5 
2,4-Dinitrophenol 0/9 25 U to 25 U 12.5 
2-Chlorophenol 0/9 10 U to 10 U 5 
2-Nitrophenol 0/9 10 U to 10 U 5 
4,6-Dinitro-2-methylphen 0/9 25 U to 25 U 12.5 
4-Chloro-3-methylphenol 0/9 10 U to 10 U 5 
4-N itrophenol 0/9 25 U to 25 U 12.5 

Miscellaneous in 1-1g/L 
Benzoic Acid 0/9 25 U to 25 U 12.5 
Benzyl Alcohol 0/9 10 U to 10 U 5 
Dibenzofuran 0/9 10 U to 10 U 5 
Hexachlorobutadiene 0/9 10 U to 10 U 5 50 0/9 9.3 0/0 8.74 0/0 
Hexachloroethane 0/9 10 U to 10 U 5 8.9 0/0 540 0/9 8.74 0/0 
N-N itrosodiphenyl amine 0/9 10 U to 10 U 5 16 0/9 16.1 0/9 
2,4-Dinitrotoluene 0/9 10 U to 10 U 5 
2,6-Dinitrotoluene 0/9 10 U to 10 U 5 
2-Chloronaphthalene 0/9 10 U to 10 U 5 
2-N itroaniline 0/9 25 U to 25 U 12.5 
3,3'-Dichlorobenzidine 0/9 25 U to 25 U 12.5 
3-Nitroaniline 0/9 25 U to 25 U 12.5 
4-Bromophenyl Phenyl Et 0/9 10 U to 10 U 5 
4-Chloroaniline 0/9 10 U to 1 OU 5 
4-Chlorophenyl Phenyl Et 0/9 l 0 U to 10 U 5 
4-Nitroaniline 0/9 25 U to 25 U 12.5 
Aniline 0/9 25 U to 25 U 12.5 
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Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples Sheet 4 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Bis(2-chloroethoxy)metha 0/9 1OUto1 OU 5 
Bis(2-chloroethyl) Ether 0/9 10 U to 10 U 5 
Bis(2-chloroisopropyl) Eth 0/9 10 U to 10 U 5 
Hexachlorocyclopentadi 0/9 1OUto10 U 5 
lsophorone 0/9 10 U to 10 U 5 
N itrobenzene 0/9 10 U to 10 U 5 
N-Nitrosodimethylamine 0/9 25 U to 25 U 12.5 
N-Nitrosodi-n-propylamin 0/9 1OUto10 U 5 

Pestidde/PCBs in µg/L 
Aldrin 0/9 .04 U to .04 U 0.02 
Dieldrin 1 /9 .002 J to .04 U 0.02 
Endosulfan I 0/9 .04 U to .04 U 0.02 
Endosulfan II 0/9 .04 U to .04 U 0.02 
Endosulfan Sulfate 0/9 .04 U to .04 U 0.02 
Endrin 0/9 .04 U to .04 U 0.02 
Endrin Aldehyde 0/9 .04 U to .04 U 0.02 
Endrin Ketone 0/9 .04 U to .04 U 0.02 
Heptachlor 0/9 .04 U to .04 U 0.02 
Heptachlor Epoxide 0/9 .04 U to .04 U 0.02 
Methoxychlor 0/9 . 1 U to .1 U 0.05 
Toxaphene 0/9 1 U to 1 U 0.50 
alpha-BHC 0/9 .04 U to .04 U 0.02 
alpha-Chlordane 0/9 .04 U to .04 U 0.02 
beta-BHC 0/9 .04 U to .04 U 0.02 
delta-BHC 0/9 .04 U to .04 U 0.02 
gamma-BHC (Lindane) 0/9 .04 U to .04 U 0.02 
gamma-Chlordane 0/9 .04 U to .04 U 0.02 

4,4'-DDD 0/9 .04 U to .04 U 0.02 0.00084 0/0 
4,4'-DDE 0/9 .04 U to .04 U 0.02 0.00059 0/0 
4,4'-DDT 0/9 .04 U to .04 U 0.001 0/0 0.00059 0/0 0.001 0/0 0.000024 0/0 
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Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples Sheet 5 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 

Frequency Freshwater Freq. Human Health Freq. freshwater freq. Human Health Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Aroclor 1016 0/9 .2 U to .2 U 0.014 0/0 
Aroclor 1 221 0/9 .4 U to .4 U 0.014 0/0 
Aroclor 1232 0/9 .2 U to .2 U 0.014 0/0 
Aroclor 1242 0/9 .2 U to .2 U 0.014 0/0 
Aroclor 1248 0/9 .2 U to .2 U 0.014 0/0 
Aroclor 1254 0/9 .2 U to .2 U 0.014 0/0 
Aroclor 1 260 0/9 .2 U to .2 U 0.014 0/0 
Total PCBs 0/9 .4 U to .4 U 0.20 0.00017 0/0 0.014 0/0 0.000079 0/0 

Volatiles in pg/L 
1, 1, 1,2-Tetrachloroethane 0/9 .5 U to .5 U 0.25 
1, 1, 1-Trichloroethane (TC 0/9 .5 U to .5 U 0.25 
1, 1,2,2-Tetrachloroethane 0/9 .5 U to .5 U 0.25 
1, 1,2-Trichloroethane 0/9 .5 U to .5 U 0.25 
1, 1-Dichloroethane ( 1, 1- 0/9 .5 U to .5 U 0.25 
1, 1-Dichloroethene ( 1, 1- 0/9 .5 U to .5 U 0.25 
1, 1-Dichloropropene 0/9 .5 U to .5 U 0.25 
1,2,3-Trichlorobenzene 0/9 2 U to 2 U 1 
1,2,3-Trichloropropane 0/9 .5 U to .5 U 0.25 
1,2,4-T richlorobenzene 0/9 2 U to 2 U 1 940 0/9 
1,2,4-Trimethylbenzene 0/9 2 U to 2 U 
1,2-Dibromo-3-chloropro 0/9 2 U to 2 U 
1,2-Dibromoethane (EDB 0/9 2 U to 2 U 
1,2-Dichlorobenzene 0/9 .5 U to .5 U 0.25 17000 0/9 
1,2-Dichloroethane (EDC 0/9 .5 U to .5 U 0.25 
1,2-Dichloropropane 0/9 .5 U to .5 U 0.25 
1,3,5-Trimethylbenzene 0/9 2 U to 2 U 1 
1,3-Dichlorobenzene 0/9 .5 U to .5 U 0.25 2600 0/9 
1,3-Dichloropropane 0/9 .5 U to .5 U 0.25 
1,4-Dichlorobenzene 0/9 .5 U to .5 U 0.25 2600 0/9 
2,2-Dichloropropane 0/9 .5 U to .5 U 0.25 
2-Butanone (MEK) 0/9 20 R to 20 R 10 
2-Chlorotoluene 0/9 2 U to 2 U 
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Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples Sheet 6 of 7 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Willamette Exceed 

Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Basin Freq. 
Chronic Consumption Chronic Consumption Background 

of Organisms of Organisms Cone. 

2-Hexanone 0/9 20 U to 20 U 10 
4-Chlorotoluene 0/9 2 U to 2 U 1 

4-1 sopropyltoluene 0/9 2 U to 2 U 
4-Methyl-2-pentanone (M 0/9 20 R to 20 R 10 
Acetone 0/9 20 U to 20 U 10 
Benzene 0/9 .5 U to .5 U 0.25 71 0/9 40 0/9 
Bromobenzene 0/9 2 U to 2 U 1 
Bromochloromethane 0/9 .5 U to .5 U 0.25 
Bromodichloromethane 0/9 .5 U to .5 U 0.25 
Bromoform 0/9 .5 U to .5 U 0.25 
Bromomethane 0/9 .5 U to .5 U 0.25 
Carbon Disulfide 0/9 .5 U to .5 U 0.25 
Carbon Tetrachloride 0/9 .5 U to .5 U 0.25 
Chlorobenzene 0/9 .5 U to .5 U 0.25 
Chloroethane 1/9 .4 j to .5 U 0.27 

Chloroform 0/9 .5 U to .5 U 0.25 
Chloromethane 0/9 .5 U to .5 U 0.25 
Dibromochloromethane 0/9 .5 U to .5 U 0.25 
Dibromomethane 0/9 .5 U to .5 U 0.25 
Dichlorodifluoromethane 0/9 .5 U to .5 U 0.25 
Dichloromethane 0/9 1 U to 1 U 0.5 
Ethylbenzene 0/9 .5 U to .5 U 0.25 29000 0/9 3280 0/9 
Hexachlorobutadiene 0/9 2 U to 2 U 1 50 0/9 9.3 0/9 8.74 0/9 
I sopropylbenzene 0/9 2 U to 2 U 
Naphthalene 0/9 2 U to 2 U 620 0/9 
Styrene 0/9 .5 U to .5 U 0.25 
Tetrachloroethene (PCE) 0/9 .5 U to .5 U 0.25 
Toluene 0/9 .5 U to .5 U 0.25 200000 0/9 424000 0/9 
T richloroethene (TCE) 0/9 .5 U to .5 U 0.25 

Trichlorofluoromethane ( 0/9 .5 U to .5 U 0.25 
Vinyl Chloride 0/9 .5 U to .5 U 0.25 
cis-1,2-Dichloroethene 0/9 .5 U to .5 U 0.25 
cis-1,3-Dichloropropene 0/9 .5 U to .5 U 0.25 
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Table 8-1 c - Statistical Summary of Analytical Results for Upland Well Samples 

Analyte Detection Range 
Frequency 

m,p-Xylenes 0/9 .5 U to .5 U 
n-Butylbenzene 0/9 2 U to 2 U 
n-Propylbenzene 0/9 2 U to 2 U 
a-Xylene 0/9 .5 U to .5 U 
sec-Butylbenzene 0/9 2 U to 2 U 
tert-Butylbenzene 0/9 2 U to 2 U 
trans-1,2-Dichloroethene 0/9 .5 U to .5 U 
trans-1,3-Dichloropropen 0/9 .5 U to .5 U 

u Not detected at indicated detection limit. 
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Table 8-ld - Raw Flux Chamber Data and Calculated Groundwater Seepage Concentration 

Willamette Basin Flux Chamber Flux Chamber 

Sample ID Background Cone. FC-01 (Cell 5) FC-02 (Cell 2) 

Calculated Calculated 

Raw Data Concentration Raw Data Concentration 

Flux Chamber Sample Composition 
Fraction Surface Water 0.67 0.84 

Fraction Groundwater 0.33 0.16 

Dissolved Metals in µg/L 
Antimony, Dissolved 1.2 0.5 u 0.5 u 0.6 1.1 

Arsenic, Dissolved 2.3 0.7 1.5 0.3 0.39 

Cadmium, Dissolved 0.54 0.2 0.2 0.2 u 0.2 u 
Calcium, Dissolved 12100 25853 11000 40496 

Copper, Dissolved 7.55 4.3 J 9.9 6.1 J 29.5 

Iron, Dissolved 565 546 1559 1080 6405 

Lead, Dissolved 2.0 0.2 u 0.2 u 0.7 3.3 

Magnesium, Dissolved 4040 8699 2480 6385 

Manganese, Dissolved 152 722 2165 205 1241 

Mercury, Dissolved 0.05 0.001 (1) 0.004 (1) 

Nickel, Dissolved 3.2 54.8 164 13.2 77.8 

Potassium, Dissolved 2000 u 2000 u 2000 u 2000 u 
Silver, Dissolved 0.5 0.2 u 0.2 u 0.2 u 0.2 u 
Sodium, Dissolved 5430 7510 4750 6579 

Zinc, Dissolved 58.6 5040 J 15148 46.4 J 269 

Total Metals in µg/L 
Antimony, Total 2.7 0.5 u 0.5 u 0.6 1.1 

Arsenic, Total 2.6 1.8 4.6 0.9 3.5 

Cadmium, Total 0.5 0.3 0.50 0.2 u 0.2 u 
Calcium, Total 12400 26103 11300 40668 

Copper, Total 9.3 57.3 J 166 10.3 J 47.5 

Iron, Total 3595 8670 23779 5480 27725 

Lead, Total 4.0 5.5 14.4 1.7 4.9 

Magnesium, Total 4390 9270 2820 7238 

Manganese, Total 390 906 2674 277 1570 

Mercury, Total 0.08 0.008 0.014 0.008 0.023 
Nickel, Total 7.1 70.4 210 17.4 102 

Potassium, Total 2000 u 2000 u 2000 u 2000 u 
Silver, Total 0.5 0.2 u 0.2 u 0.2 u 0.2 u 
Sodium, Total 5370 7266 4790 6661 

Zinc, Total 53 6900 J 20736 92.1 J 538 

Constituent concentrations presented represent calculated groundwater concentrations based on 
the internal proportions of surface water and groundwater in the flux chamber samples. 

( 1) Calculated concentration based on mass balance approach is less than zero. 
U Not detected at indicated detection limit. 
J Estimated value. 

Flux Chamber 
FC-03 (Cell 3) 

Calculated 

Raw Data Concentration 

0.63 
0.37 

1 1.9 
2.6 6.6 
0.4 0.74 

26900 64020 
5.8 J 13.1 

21.8 (1) 

0.2 u 0.2 u 
275 (1) 
0.6 (1) 

0.004 0.0023 
11.5 30.2 

2000 u 2000.0 u 
0.2 u 0.2 u 

7250 12147 
1 J (1) 

1.1 2.1 
2.7 6.6 
0.4 0.74 

31700 76492 
8.5 J 17.8 

2690 5345 
1.9 3.3 

1310 199 
54.9 107 

0.009 0.016 
15.1 39.3 

2000 LJ 2000 LJ 
0.2 u 0.20 u 

7580 12989 
17.4 J 38.3 
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Table 8-2 - Statistical Summary of Analytical Results for Surface Water Samples Sheet 1 of 3 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Exceed Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Freq. Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Conventionals in mg/L 
Bicarbonate as CaC03 7/7 9 to 38 18.43 20 1/7 20 1/7 
Carbon, Total Organic 7/7 1.5 lo 2.5 1.81 
Chloride 7/7 2.6 to 3.3 3.11 230 0/7 230 0/7 
Nitrate as Nitrogen 7/7 0.6 to 0.8 0.69 
Nitrite as Nitrogen 0/7 0.2 U to 0.2 U 0.1 
Salinity 0/7 0.1 U to0.1 U 0.05 
Sulfate 6/6 2.6 to 3.2 2.9 
Total Suspended Solids 7/7 14 to 28 20 

Dissolved Metals in 11g/L 
Antimony, Dissolved 0/7 0.5 U to 0.5 U 0.25 4300 0/7 1600 0/7 45000 0/7 1.2 0/7 
Arsenic, Dissolved 7/7 0.2 to 0.3 0.27 150 0/7 0.14 7/7 190 0/7 0.0175 7/7 2.3 0/7 
Cadmium, Dissolved 0/7 0.2 U to 0.2 U 0.1 0.33 0/7 1.1 0/7 0.54 0/7 
Calcium, Dissolved 7/7 5140 to 5300 5231 
Copper, Dissolved 7/7 0.8 to 2.3 1.43 3 0/7 12 0/7 7.55 0/7 
Iron, Dissolved 7/7 31.8 to 45.2 39.93 1000 0/7 1000 0/7 565 0/7 
Lead, Dissolved 1/7 0.2 to 0.2 0.11 0.46 0/7 3.2 0/7 2 0/7 
Magnesium, Dissolved 7/7 1640 to 1750 1707 
Manganese, Dissolved 7/7 2.3 to 6.8 3.4 100 0/7 100 0/7 152 0/7 
Mercury, Dissolved 0/7 0.005 U to 0.005 U 0.0025 0.77 0/7 0.051 0/7 0.012 0/7 0.146 0/7 0.05 0/7 
Nickel, Dissolved 2/7 0.5 U to 0.8 0.41 43 0/7 4600 0/7 160 0/7 100 0/7 3.2 0/7 
Potassium, Dissolved 0/7 2000 U to 2000. U 1000 
Silver, Dissolved 0/7 0.2 U to 0.2 U 0.1 0.12 0/7 0.5 0/7 
Sodium, Dissolved 7/7 3790 to 4470 4307 
Zinc, Dissolved 7/7 1.5 to 7 2.79 29 0/7 69000 0/7 110 0/7 58.6 0/7 

Total Metals in 11g/L 
Antimony, Total 0/7 0.5 U to 0.5 U 0.25 2.7 0/7 
Arsenic, Total 7/7 0.4 to 0.4 0.4 2.6 0/7 
Cadmium, Total 0/7 0.2 U to 0.2 U 0.1 0.5 0/7 
Calcium, Total 7/7 5480 to 5660 5559 
Copper, Total 7/7 2 to 4.7 2.9 9.3 0/7 
Iron, Total 7/7 902 to 1340 1141 3595 0/7 
Lead, Total 7/7 0.6 to 2.3 1.03 4 0/7 
Magnesium, Total 7/7 1880 to 2000 1947 
Manganese, Total 7/7 21.8 to 39.9 26.89 390 0/7 
Mercury, Total 0/7 0.005 U to 0.005 U 0.003 0.08 0/7 
Nickel, Total 7/7 0.8 to 1.3 0.94 7.1 0/7 
Potassium, Total 0/7 2000 U to 2000 U 1000 
Silver, Total 0/7 0.2 U to 0.2 lJ 0.1 0.5 0/7 
Sodium, Total 7/7 3850 lo 4480 4343 
Zinc, Total 7/7 3.6 to 10.3 5.03 53 0/7 
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Table 8-2 - Statistical Summary of Analytical Results for Surface Water Samples Sheet 2 of 3 

Analyte Det<>ction Range Mean EPA fxceed EPA Exceed Oregon Exceed Oregon Exceed Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Freq. Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

TBT in µg/L 
Di-n-butyltin 0/7 0.05 U to 0.05 U 0.()25 0.063 0/7 
T etra-n-bu tyltin 0/7 0.05 U to 0.05 U 0.()25 0.063 0/7 
Tri-n-butyltin 0/7 0.05 U to 0.05 U 0.025 0.063 0/7 
n-Butyltin 0/7 0.05 U to 0.05 U 0.025 0.063 0/7 

LPAHs in µg/L 
2-Methylnaphthalene 0/7 0.1Uto0.1 U 0.05 
Acenaphthene 0/7 0.1Uto0.1 U 0.05 2700 0/7 520 0/7 
Acenaphthylene 0/7 0.1Uto0.1 U 0.05 
Anthracene 0/7 0.1Uto0.1U 0.05 110000 0/7 
Fluorene 0/7 0.1Uto0.1U 0.05 14000 0/7 
Naphthalene 0/7 0.1Uto0.1U 0.05 620 0/7 
Phenanthrene 0/7 0.1Uto0.1 U 0.05 

HPAHs in µg/L 
Benz(a)anthracene 0/7 0.1Uto0.1 U 0.05 0.049 0/7 
Benzo(a)pyrene 0/7 0.1Uto0.1 U 0.05 0.049 0/7 
Benzo(b)fluoranthene 0/7 0.1Uto0.1U 0.05 
Benzo(k)fluoranthene 0/7 0.1Uto0.1 U 0.05 
Benzo(g,h,i)perylene 0/7 0.1Uto0.1U 0.05 
Chrysene 0/7 0.1Uto0.1 U 0.05 0.049 0/7 
Dibenz(a,h)anthracene 0/7 0.1Uto0.1 U 0.05 0.049 0/7 
Fluoranthene 0/7 0.1Uto0.1 U 0.05 370 0/7 
lndeno( 1,2,3-cd)pyrene 0/7 0.1Uto0.1 U 0.05 0.049 0/7 
Pyrene 0/7 0.1 lJ to 0.1 U 0.05 11000 0/7 

Chlorinated Hydrocarbons in µg/L 
1, 2-Dichlorobenzen e 0/7 2Uto2U 17000 0/7 
1,3-Dichlorobenzene 0/7 2Uto2U 2600 0/7 
1,4-Dichlorobenzene 0/7 2Uto2U 2600 0/7 
1,2,4-Trichlorobenzene 0/7 0. 1 lJ to 0.1 U 0.05 940 0/7 
Hexachlorobenzene 0/7 0.1Uto0.1 U 0.05 0.00077 0/7 0.00074 0/7 

Phthalates in µg/L 
Bis(2-ethylhexyl) Phthalate 0/7 2Uto2U 5.9 0/7 50000 0/7 
Butyl Benzyl Phthalate 0/7 0.1Uto0.1 U 0.05 5200 0/7 
Oi-n-butyl Phthalate 0/7 0. 1 lJ to 0.1 lJ 0.05 12000 0/7 154000 0/7 
Di-n-octyl Phthalate 0/7 0.1 U to 0.1 U 0.05 
Diethyl Phthalate 0/7 0.lUtoO.lU 0.05 120000 0/7 1800000 0/7 
Dimethyl Phthalate 0/7 0.1 U to0.1 U 0.05 2900000 0/7 2900000 0/7 
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Table 8-2 - Statistical Summary of Analytical Results for Surface Water Samples Sheet 3 of 3 

Analyte Detection Range Mean EPA Exceed EPA Exceed Oregon Exceed Oregon Exceed Willamette Exceed 
Frequency Freshwater Freq. Human Health Freq. Freshwater Freq. Human Health Freq. Basin Freq. 

Chronic Consumption Chronic Consumption Background 
of Organisms of Organisms Cone. 

Phenols in µg/L 
2,4-Dirnethylphenol 0/7 0.5 U to 0.5 U 0.25 2300 0/7 
2-Methylphenol 0/7 0.5 U to 0.5 U 0.25 
3- and 4-Methylphenol 0/7 0.5 U to 0.5 U 0.25 
Pen tachlorophenol 0/7 0.5 U to 0.5 U 0.25 15 0/7 8.2 0/7 13 0/7 
Phenol 0/7 0.5 U to 0.5 U 0.25 4600000 0/7 2560 0/7 

Miscellaneous in µg/L 
Benzoic Acid 0/7 6 U to 6 U 3 

Benzyl Alcohol 0/7 1Uto1 U 0.5 
Dibenzofuran 0/7 0.1 U to 0.1 U 0.05 
Hexachlorobutadiene 0/7 0.1 U to0.1 U 0.05 50 0/7 9.3 0/7 8.74 0/7 
Hexachloroethane 0/7 0.1Uto0.1U 0.05 8.9 0/7 540 0/7 8.74 0/7 
N-Nitrosodiphenylamine 0/7 0.1Uto0.1 U 0.05 16 0/7 16.1 0/7 

Pesticide/PCBs in µg/l 
4,4'-DDD 0/7 0.01 U to0.01 U 0.005 0.00084 0/7 
4,4'-DDE 0/7 0.01 U to 0.01 U 0.005 0.00059 0/7 
4,4'-DDT 0/7 0.01 U to 0.01 U 0.005 0.001 0/7 0.00059 0/7 0.001 0/7 0.000024 0/7 
Aroclor 101 fi 0/7 02Uto02lJ () 1 0.014 0/7 
Aroclor 1221 0/7 0.4 U to 0.4 U 0.2 0.014 0/7 
Aroclor 1232 0/7 0.2 U to 0.2 lJ 0.1 0.014 0/7 
Aroclor 1242 0/7 0.2 lJ to 0.2 lJ 0.1 0.014 0/7 
Aroclor 1248 0/7 0.2 U to 0.2 U 0.1 0.014 0/7 
Aroclor 12 54 0/7 0.2 U to 0.2 U 0.1 0.014 0/7 
Aroclor 1260 0/7 0.2 U to 0.2 U 0.1 0.014 0/7 

Volatiles in µg/L 
Benzene 0/7 1Uto1 U 0.5 71 0/7 40 0/7 
Ethylbenzene 0/7 1Uto1 U 0.5 29000 0/7 3280 0/7 
Toluene 0/7 1Uto1 U 0.5 200000 0/7 424000 0/7 
Trichloroethene (TCE) 0/7 1 U to 1 lJ 0.5 

m,p·Xylenes 0/7 1Uto1 U 0.5 

a-Xylene 0/7 1Uto1 U 0.5 

u Not detected at indicated detection limit. 

J Estimated value. 
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9.0 ECOLOGICAL AND BENEFICIAL USE SURVEY RESULTS 

This section summarizes the results of ecological and beneficial land and water 

use surveys conducted by Landau and Beak Consultants (Beak) at Ross Island. 

These surveys were conducted to identify ecological and human receptors 

needed to complete risk assessment efforts for the Port's investigation of 

confined dredge material disposed of in Ross Island Lagoon (Section 11.0). 

Summary conclusions from the surveys are presented in Section 9.1. Consultant 

reports for the ecological and beneficial use surveys are presented in 

Appendix E. 

The regional setting of Ross Island and vicinity is summarized in Section 2.0 of 

this report as background information for the ecological and beneficial use 

surveys. Landau conducted the ecological survey to provide additional site

specific information on the habitat types, species composition, distribution, and 

use of Ross Island Lagoon, adjacent uplands, and adjoining reaches of Holgate 

Slough and the Willamette River. As part of site ecological studies, Beak 

completed a fish monitoring study to evaluate the abundance of salmonid 

species in the Ross Island Lagoon and vicinity. The ecological survey results are 

summarized in Section 9.2. 

Landau conducted beneficial land and water use surveys to document land and 

water resource uses at Ross Island and vicinity. Information from these surveys 

was used to identify industrial/commercial activities and recreational activities 

that could potentially result in exposure to environmental media containing 

chemical constituents related to Port confined dredged materials. Survey results 

are summarized in Section 9.3. 

9. 1 Key Conclusions 

Hart Crowser 
J-5792-07 

Key conclusions for the ecological and beneficial use surveys are listed below, 

with additional discussion provided in subsequent sections . 

..,. Findings from the ecological survey verified that the terrestrial environment 

and habitat of Ross Island and vicinity are consistent with the overall setting 

and concept presented in Section 2.0 of this report. This environment 

provides significant wildlife and vegetation diversity, including nesting habitat 

for Great Blue Herons and American Bald Eagles. Secondary consumers in 

the terrestrial and aquatic environments were identified for consideration in 

the ecological risk assessment (Section 11.0). 
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""" Ecological survey findings for the lagoon determined that the current 

abundance of benthic organisms and non-migratory fish species is very low. 

This corresponds to limited habitat quality and diversity compared to other 

freshwater environments. The post-mining use of Ross Island Lagoon has not 

been determined, and future ecological conditions with regard to benthic 

organism abundance and use of the lagoon by non-migratory fish species are 

uncertain. 

""" Ross Island Lagoon is designated as critical habitat for chinook salmon and 

other salmonids listed as threatened or endangered under federal and state 

designations. The chinook salmon present in the lagoon represents a very 

small fraction of the total population in the lower Willamette River system, 

however. Further, salmonid smolts of several species were present in much 

higher numbers outside Ross Island Lagoon than inside. Juvenile salmonids 

were distributed randomly throughout the shoreline areas and did not prefer 

specific habitat areas. 

""" The beneficial use surveys verified that established land uses near Ross Island 

are likely to continue in the future. These uses encompass a mixture of 

industrial, commercial, and residential zoning. Recreational uses in the 

vicinity include wildlife viewing, hiking, boating, fishing, and other water

dependent activities. RIS&G does not encourage these activities at Ross 

Island, but some degree of recreational use of the lagoon and uplands will 

likely continue in the future. 

""" No consumptive uses of groundwater or surface water under current or 

reasonably likely future conditions were identified. RIS&G maintains water 

rights for withdrawing surface water from the Willamette River for industrial 

purposes. 

9.2 Ecological Survey Summary 

Hart Crowser 
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This section summarizes the results of the ecological surveys conducted at Ross 

Island Lagoon by Landau and Beak. The ecological survey data presented in this 

section are summarized from the following documents: 

""" Fall 1999 Ecological Survey, RIS&G, Portland Oregon. Draft Report (Landau, 

2000b); and 

""" Ross Island and Lower Willamette River Fish Monitoring Study - 1999, 

Interim Report (Beak, 1999b) and Final Report (Beak, 2000). 

Copies of these documents are presented in Appendix E of this report. 
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Landau collected site-specific information related to habitat and ecological 

receptors at Ross and Hardtack Islands during the fall of 1999. Objectives of the 

survey included establishing baseline information to evaluate data collected 

during the Port's investigation of confined dredged material. In addition, the 

baseline information was also intended to fulfill the ecological scoping 

requirements for a baseline ecological risk assessment for the RIS&G site-wide 

investigation, and permitting efforts for the facility. Additional ecological survey 

data were collected during the spring of year 2000 (Landau, 2000g). The survey 

techniques used provide a reconnaissance-level, qualitative understanding of 

habitat and ecological receptors. 

During fish monitoring surveys in the spring and fall 1999, Beak captured and 

identified 4,972 fish representing 25 different species. The objectives of Beak's 

fish survey were to: 

"" Determine if juvenile salmonids use the Ross Island Lagoon; 

"" Compare the relative abundance of juvenile salmonids inside the lagoon to 

locations outside of the lagoon; and 

"" Examine the temporal trends in abundance at sampling locations inside and 

outside of the lagoon. 

9.2. 1 Ross Island Area Ecology 

As described in the background summary presented in Section 2.0, Ross Island 

Lagoon is a freshwater body formed when an earthen dike was constructed in 

1926 and 1927 to connect Ross and Hardtack Islands. The lagoon opens 

eastward to Holgate Slough through a 500-foot-wide entrance. The 

Ross/Hardtack Island complex (including Ross Island Lagoon) is currently 

operated by RIS&G for sand and gravel mining and processing. 

Terrestrial Environment 

A number of terrestrial vertebrates were observed and identified during the 

surveys conducted by Landau in the fall of 1999. Most abundant were the 

blackcapped chickadee (P atricapillus) and bushtit (P minimus) found entirely at 

the north end of Ross Island. At terrestrial survey stations on the southern part 

of the island nearest the in-water containment cells, only a northern flicker 

(C auratus) and three western gulls (L. occidentalis) were observed. No 

mammals were observed on the southern end of the island; however, beaver 
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(C Canadensis), grey fox (U. cinereoargenteus), nutria (M. coypus), and raccoon 

(P lotor) are known to occur elsewhere on the island (Appendix E-1 ). 

As reported by Landau (2000g), the eagle's nest was re-established at a new 

location in the Great Blue Herron Rookery (Figure 2-1 ). Pressure from the eagles 

apparently caused some of the resident Great Blue Herons to relocate into the 

heavily forested area on East Island (Figure 2-1 ). 

Upland plant species observed during the Landau surveys included tumbelweed 

amgranth (A. graecizans), hornwort (C demersum), peavine (Lathyrus sp.), white 

sweet clover (Melilotus alba), and black cottonwood seedlings (P. trichocarpa). 

Terrestrial vegetation at southern Ross Island is dominated by riparian deeiduous 

hardwood forest (big leaf maple, black cottonwood, Oregon ash) and riparian 

deciduous shrub thicket (Himalayan blackberry, Scot's broom, water birch, 

maple, serviceberry, snowberry). 

Aquatic Environment 

During its surveys, Landau collected 814 benthic organisms from nearshore and 

deep-water areas. Oligochaets (aquatic earthworms) comprised 59 percent of 

the benthic organisms identified and were encountered throughout the lagoon. 

The second and third most abundant were Dipterans (true flies) and Amphipods 

(scuds). Other benthic organisms present in the lagoon included flatworms, 

Asian clams, nematodes, aquatic moths, and caddisflies. No benthic organisms 

other than Oligochaets were captured in the southern lagoon (Appendix E-1 ). 

The densities of benthic macroinvertebrates were calculated from the data 

presented in Ecological Survey Report (Appendix E-1) for the nearshore and 

deep-water samples and are presented in Table 9-2. Figure 9-1 presents the 

sampling locations used by Landau for benthic organisms collection. The 

densities of macroinvertebrates in nearshore samples collected outside of Ross 

Island Lagoon ranged from 107 organisms/m2 at location A7 to 349 

organisms/m 1 at location A 10. The densities of macro invertebrates in nearshore 

samples collected inside of Ross Island Lagoon ranged from 4 organisms/m 2 at 

location A3 to 326 organisms/m2 at location AS. The nearshore densities for 

sample locations (A9, AS, and A6) in the southern portion of the lagoon 

consistently exhibited the lowest macroinvertebrate densities (range 7 to 27 

organisms/m1
). 

The densities of rnacroinvertebrates in deep-water samples collected outside of 

Ross Island Lagoon ranged from 238 organisms/m 2 at location HC-SS04 to 256 

organisms/m 2 at location HC-SS02. The densities of macroinvertebrates in deep-
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water samples collected inside of Ross Island Lagoon ranged from 82 

organisms/m2 at location HC-SS09 to 411 organisms/m2 at location HC-SS 19. 

The reported densities of benthic macroinvertebrates are very low compared to 

the densities reported in other regional studies conducted in the Columbia River. 

There is very limited data available for the Willamette River. For example, mean 

densities of benthic organisms reported for the Columbia River near Hayden 

Island (RM 102.9 - 104.9) ranged from 2,483 to 4,684 organisms/m 2 (Fishman 

and Johnson, 1996). Another benthic survey reported mean densities for three 

areas sampled in the Columbia River (RM 31 - 34) in October 1996 ranged 

from 1,703 to 4,987 organisms/m2 (McCabe and Hinton, 1998). The reported 

low densities for benthos in Ross Island Lagoon are in agreement with the poor 

to sub-optimal habitat quality values identified for the nearshore areas of Ross 

Island Lagoon by the Landau ecological survey (Landau, 2000b). The habitat 

quality of the nearshore areas were evaluated by scoring against the ten habitat 

parameters presented in EPA's Revisions to Rapid Bioassessment Protocols for 
Use in Streams and Rivers: Periphyton1 Benthic, Macroinvertebrates and Fish 
(Landau, 2000b). These habitat parameters evaluate habitat characteristics such 

as pool variability, sediment deposition, channel flow status and alteration, 

channel sinuosity, bank stability, and riparian vegetative zone width. In addition 

to poor scores on these habitat characteristics, this area is also subject to 

constant disturbance from mining and reclamation activities, the presence of a 

substantial amount of debris in the nearshore areas, and potential groundwater 

impacts from the high pH groundwater samples collected (e.g., HC-MW02A 

with pH of 9.61 measured on January 11, 2000). 

Landau also collected periphyton (algae and diatom) samples, macrophyte 

(floating plants) samples, and conducted an extensive terrestrial vegetation 

survey. Periphyton communities in the southern lagoon ranged from sparse to 

abundant, dominated by Oscillatora sp. and Achnanthesminutissima. 
Macrophytes were only observed anchored to several floating logs at the 

southernmost lagoon sampling station. 

Of the fish captured during the 1999 surveys by Beak, 21 different species were 

from Ross Island Lagoon, of which 18 were non-salmonids (Table 9-1 ). The 

number of these fish ranged from a single individual to hundreds of individuals 

(Appendix E-2). Methods used by Beak to capture fish included electrofishing, 

gill net sets, and beach seining. As these methods do not target bottom fish, 

Sturgeon (Acipensersp.), which is known to occupy the lower Willamette River, 

may also be potentially present in the lagoon. 
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Habitat Utilization - Non-Salmonids 

The fish monitoring study conducted by Beak focused on salmonid species and 

their relative habitat use, as summarized below. Non-salmonids in the lagoon 

during the survey were only captured at nearshore, shallow water locations. Of 

the non-salmonid species, none were captured in offshore, deep-water areas 

(e.g., gill net sampling). The most abundant non-salmonid captured in the 

southern lagoon near the in-water containment cells, was the American Shad 

(A. sapidissima). American Shad is an anadromous species of fish, and these fish 

were captured in the lagoon during their spawning run. American Shad are 

present in the lagoon for only limited times during the year. Most of the other 

non-salmonid species are resident fish and may be present in Ross Island Lagoon 

throughout the year. 

9.2.2 Evaluation of Sensitive Environments and Threatened and 
Endangered Species 

A critical component of an ecological risk assessment (ERA) is to characterize 

the ecosystem that could potentially be affected. This is addressed at the 

"problem formulation" stage of the ERA (EPA, 1992). An important 

consideration is to determine whether sensitive species or habitats exist that 

could be impacted by potential contamination from on-site sources. This 

determination is also needed to identify the ecological endpoints for evaluation 

in the risk assessment. 

Determination of the future presence of sensitive environments and threatened 

and endangered species will not be possible until the post-mining use of Ross 

Island Lagoon is established. This uncertainty notwithstanding, this ecological 

risk assessment assumes continuation of existing utilization of Ross Island 

Lagoon by the federally listed and proposed species, and state listed species 

identified by Landau during the fall 1999 ecological survey (Appendix E-1 ). 

The presence of federally listed or proposed species and state-listed species was 

addressed by Landau as part of the Final Work Plan and during the fall 1999 

ecological survey (Appendix E-1 ). Threatened and endangered salmonid species 

were also a focus of the fish monitoring study conducted by Beak (Appendix 

E-2), and a 1999 biological assessment (BA) completed by CH2M Hill to support 

facility permitting by RIS&G (CH2M Hill, 1999c). 

Sensitive Environments 

A sensitive environment is defined by OAR Chapter 340, Division 122-045 as: 
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,,An area of particular environmental value where a hazardous substance 
could pose a greater threat than in other non-sensitive areas. Sensitive 
environments include but are not limited to: critical habitat for federally 

endangered or threatened species; National Park, Monument National 
Marine Sanctuary, National Recreational Area, National Wildlife Refuge, 
National Forest Campgrounds, recreational areas, game management areas, 
wildlife management areas, designated federal Wilderness Areas; wetlands 
(freshwater, estuarine, or coastal); wild and scenic rivers; state parks; state 
wildlife refuges; habitat designated for state endangered species; fishery 
resources; state designated natural areas; county or municipal parks; and 
other significant open spaces and natural resources protected under Goal 5 
of Oregon,s Statewide Planning Goals.,, 

As summarized above in Section 2.0 of this report, Ross Island Lagoon is located 

within the lower Columbia River evolutionarily significant unit (ESU) for chinook 

salmon (0. tshawytscha) and steel head (O. mykiss). As such, the lagoon is 

designated as critical habitat for these species, which are listed as threatened 

under the Endangered Species Act (ESA) of 1973, as amended. In addition, the 

lagoon is designated critical habitat for chinook salmon and steelhead stocks 

listed as threatened in the upper Willamette River ESU (50 CFR Part 226 ). Ross 

Island Lagoon may also be considered a sensitive environment because it is 

potential habitat for warm-water fishery resources. 

Threatened or Endangered Species 

In addition to chinook salmon (0. tshawytscha), three additional species of 

federally listed, proposed or candidate salmonids have the potential to occur in 

the lower Willamette River at certain times of the year. These species include 

coho salmon (0. kisutch}, steelhead (0. mykiss), and coastal cutthroat trout 

(0. clark1). The listed salmonid species are part of six genetically distinct 

population segments as defined by six ESUs (Table 9-3). During the spring 1999 

fish monitoring study by Beak, individuals from each of these salmonid species 

were captured and identified. Cutthroat trout, however, were encountered only 

outside of the lagoon (Appendix E-2). 

In addition to the listed, proposed, and candidate salmonid species, the 

American bald eagle (H. leucocephalus) is federally listed as threatened and 

occurs at Ross Island. One known American bald eagle nest site is located 

within the Great Blue Herron Rookery on the island west of the lagoon (Figure 

2-1 ). This nest is recently relocated from its previous location to the south. 

During the ecological surveys conducted by Landau, a bald eagle was observed 

flying overhead while on the southern end of the island. There are no 
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documented records of occurrence for any other federally listed species 

(CH2M Hill, 1999c). 

Habitat Utilization 

Nearshore and shallow water areas within Ross Island Lagoon were extensively 

surveyed during the Landau and Beak studies. Monitoring data from Beak 

indicate that these lagoon areas are used by out-migrating juvenile salmonids 

(smolts). The fewest number of salmonids were collected in the southern 

lagoon, as these shallow nearshore areas are limited in both habitat complexity 

and forage. The largest numbers of salmonids collected inside the lagoon were 

collected on the east shore and at the lagoon entrance. These areas consist of 

shallow nearshore habitat with some cover (CH2M Hill, 1999c). 

Beak concluded that hatchery, wild, age-0, and age-1 salmon id smolts of various 

species were more abundant at sites outside the lagoon than at sites inside the 

lagoon. Statistical testing demonstrated that salmonid abundance outside the 

lagoon was significantly greater than abundance inside the lagoon. Hatchery 

and wild fish were most abundant at the upstream sites, and least abundant in 

the lagoon. Juvenile salmonids were distributed more or less randomly 

throughout the shoreline areas and did not prefer certain habitats. or areas to 

others. 

Very few fish were captured in deep-water lagoon areas during Beak's fish 

monitoring survey. The gill net survey from Spring 1999 yielded only four 

juvenile salmonids and five non-salmonid fish in the deep-water environment. 

These data suggest that fish use deep-water areas infrequently (Appendix E-2). 

Salmonids are present inside and outside the lagoon at approximately the same 

time of year. Peak abundance would, therefore, be expected in mid-March 

through early-July and again in late-September through early December. Wild 

juvenile chinook and coho (age-0) were captured during the Beak survey; 

therefore, salmonid use in the lagoon during the winter and summer months 

cannot be ruled out. It is expected, however, that abundance is very low during 

these times of the year (Appendix E-2). 

9.3 Beneficial Land and Water Use Survey Summaries 

Hart Crowser 
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This section summarizes the results of the beneficial land and water use 

determinations conducted at Ross Island Lagoon by Landau. The data presented 

in this section are summarized from the following documents: 
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II>- Land Use Determination Technical Memorandum, RIS&G, Portland (Landau, 

2000e); and 

II>- Beneficial Water Use Determination Technical Memorandum, RIS&G, 

Portland, Oregon (Landau, 2000d). 

9.3.1 Locality of the Facility 

The DEQ defines the locality of the facility by any points where a human or 

ecological receptor contacts, or is reasonably likely to come in contact with a 

facility-related hazardous substance. Several factors contribute to this definition 

for the Ross Island facility. For the purposes of the Port's investigation, potential 

COis are limited to confined Port dredged material placed within the in-water 

containment cells at the southern end of Ross Island Lagoon. In addition, 

potential contaminant migration pathways for the Port's investigation (discussed 

in detail in Section 9.0) are constrained by the following: 

II>- The prevalence of upward hydraulic gradients in groundwater underlying the 

site; 

Ill- Regional groundwater flow is toward the Willamette River from both the 

east and west; and 

II>- Port dredge material in the lagoon containment cells is protected from direct 

contact and river currents by overlying sediment caps and non-Port fill. 

With regard to the Port's dredged disposal material, these factors eliminate 

potential migration pathways and exposure to off-site receptors. 

It should also be noted that Landau considered a broader extent of potential 

on-site contaminant sources to define the locality of the facility. These sources 

included fill material from non-Port sources placed in upland areas by RIS&G. 

Therefore, Landau conservatively established the locality of the facility to 

encompass an area within a one-half mile radius of Ross Island and Hardtack 

Island shorelines. 

9.3.2 Land Use Determination 

City of Portland zoning designations for the Ross Island vicinity include open 

space, greenway overlay zones, single-dwelling zones, multi-dwelling zones, 

commercial zones, and employment and industrial zones. Current land use for 

the defined locality of the facility is consistent with these designations as well as 

the City's Comprehensive Plan. Ross Island, Ross Island Lagoon, and Hardtack 
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Island have open space zoning designations, with sand and gravel mining and 

processing as an allowable use. RIS&G operates the facility under permits with 

the City of Portland and the Oregon Department of State Lands (DSL), and has 

recently renewed its state mining and reclamation permit. Under the terms of 

the DSL Removal and Fill permit, mining will cease by April 30, 2005. The DSL 

Removal and Fill permit requires completion of reclamation filling areas, either 

by 2025 consistent with the 1979 reclamation plan adopted by the City of 

Portland, or by a proposed revision to that plan to be developed by January 1, 

2003. Land uses in the defined locality of the facility will likely be maintained in 

the future. 

Water-related activities near Ross Island include recreational boating, fishing, 

water skiing, sailing, canoeing, rowing, and the use of personal watercraft. 

Activity typically increases during the summer months. Additionally, occasional 

public use of Ross Island for picnicking, wildlife viewing, or exploring has been 

reported by RIS&G employees and the Multnomah County Sheriff's Office 

(personal communication to the Port). Personnel at the Sheriff's Office reported 

that recreational fishing in Ross Island Lagoon was seen by the river patrol "very 

rarely" at any time of the year. The Sheriff's Office further reported that fishing 

activity in Holgate Slough is observed "on a daily basis" during the summer, but 

"rarely in the winter months" (personal communication with the Port). The 

Willamette River Keepers also report that Ross Island Lagoon is infrequently 

used for fishing (personal communication with J. Kaufman). 

Additional information regarding the use of Ross Island Lagoon was 

subsequently provided in comments on the July 20, 2000, Draft Site 

Investigation Report by the Brooklyn Action Corps. The neighborhood 

association reports that during warm weekends in the summer, boaters with 

families often beach their watercraft for swimming, picnicking, and sunbathing. 

These activities occur on the northeast side of Ross Island along Holgate Slough, 

and inside the lagoon on the northeast, southwest, and near the lagoon 

entrance. 

9.3.3 Water Use 

The purpose of the beneficial water use determination was to identify the 

current cmd reasonably anticipated future groundwater and surface water uses 

within the defined locality of the facility. 

The Willamette River is the primary surface water feature in the area and 

represents an important regional recreational resource. The Willamette River 

and Holgate Slough are considered as conservancy areas in the Oregon DSL 

Lower Willamette River Management Plan, and as such cannot be developed. 
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The Oregon Department of Fish and Wildlife considers the land on the island 

and along the banks of the river as Class I habitat for mitigation purposes. 

Water-related activities are described above. 

Landau performed a well and water rights survey for the defined locality of the 

facility, and determined that neither surface water nor groundwater is used for 

consumptive purposes. The City of Portland obtains its water supply from 

surface water originating from the Cascade Mountains. This supply is 

supplemented by wells located approximately 5 miles northeast of the property. 

Nine water supply wells were located in a half-mile radius of the defined locality 

of the facility, but survey results indicate groundwater is not used for 

consumptive purposes. Other wells in the vicinity are used for environmental 

monitoring, industrial, and irrigation purposes. None were identified as being 

used for drinking water. 

Water rights points of diversion for surface water were identified within the 

defined locality of the RIS&G facility. Listed uses were identified as 

manufacturing, air conditioning, and wildlife, and included surface water 

withdrawal rights owned by RIS&G. 

F:\Docs\)obs\579207\Final_SitelnvestRpt\Section09(Final)\Section9.doc 

November 30, 2000 Page 9-11 

L WG-PCI0090543 



Table 9-1 - Non-Salmonid Species Captured within the Ross Island Lagoon 

Individuals 

Captured In 

Common Name Species ESA Listing Status Southern Lagoon * 
American Shad A. sapidissima Not listed 182 

Black and White Crappie Pomoxissp. Not listed 22 

Common Carp C carpio Not listed 1 7 

Threespine Stickleback G. aculeatus Not listed 15 

Sculpin Cottussp. SOC / SC or SV * 8 

Walleye 5. vitreum Not listed 8 

Yellow Perch P. flavescens Not listed 6 

Smallmouth Bass M. dolomieui Not listed 6 

Peamouth M. caurinus Not listed 5 

Largescale Sucker C macrocheilus Not listed 4 

Largemouth Bass M. salmoides Not listed 3 

Bluegill Sunfish L. macrochirus Not listed 3 

Yellow Bullhead A. natalis Not listed 1 

Starry Flounder P. stellatus Not listed 1 

Pikeminnow Ptychocheilus sp. Not listed 0 

Chiselmouth A. alutaceus 

Pumpkinseed Sunfish L. gibbosus 

* -SOC - Federal species of concern 

SC - State Critical Species 

SV - State Vulnerable Species 

Not listed 0 

Not listed 0 

* -Southern lagoon; electrofishing, beach seine, and gill net station 9 (Appendix E-2). 
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Table 9-2 - Densities of Benthic Invertebrates Collected at Ross Island 

Density in Individuals 

Sample l.D. Sample location per Square Meter 

Al Nearshore Sample, Outside b.agoon 109 

A2 Nearshore Sample, Outside Lagoon 122 

A3 Nearshore Sample, Inside Lagoon 4 

A4 Nearshore Sample, Inside Lagoon 49 

AS Nearshore Sample, Inside Lagoon 326 

A6 Nearshore Sample, Inside Lagoon 27 

A7 Nearshore Sample, Outside Lagoon 107 

AB Nearshore Sample, Inside Lagoon 7 

A9 Nearshore Sample, Inside Lagoon 9 

A10 Nearshore Sample, Outside Lagoon 349 

HC-SS02 Deep-Water Sample, Outside Lagoon 256 

HC-SS04 Deep-Water Sample, Inside Lagoon 238 

HC-SS06 Deep-Water Sample, Inside Lagoon 110 

HC-SS09 Deep-Water Sample, Inside Lagoon 82 

HC-SS12 Deep-Water Sample, Inside Lagoon 100 

HC-SS19 Deep-Water Sample, Inside Lagoon 411 
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Table 9-3 - Salmonid Species Captured in Ross Island Lagoon and Vicinity 

Evolutionarily 

Common Name Species Significant Unit (ESU) ESA Listing Status 

Steelhead trout 0. mykiss Lower Columbia River Threatened (3/98) 

Upper Willamette River Threatened (3/99) 

Chinook salmon 0. tshawytscha Lower Columbia River Threatened (3/99) 

Upper Willamette River Threatened (3/99) 

Cutthroat trout 0. clarki Southwest Proposed as Threatened 

Washington/Columbia River (3/99) - Decision 

expected 4/00 

Coho salmon 0. kisutch Lower Columbia Candidate (4/97) 

River /Southwest 

Washington 
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Table 10-9 - STFATE Summary Output Results 

Estimated Percent 
Volume of Dredged of Mass 

Cell Confined Dredged Material Disposed Deposited Outside 
Number Material Source of in CY (4) Disposal Method Capped Area 

1 Dry Dock 3 21,000 Split-Hull Barge 7.9 

1 Terminal 4, Slip 3 5,000 (1) Split-Hull Barge 7.3 

2 Terminal 4, Slip 3 30,000 (1) Split-Hull Barge 5.1 
3 Terminal 2, 3, 178 Tremie Tube 0.92 

Berths 204/205/206 
3 Terminal 4, 3,000 (2) Tremie Tube 1.69 

Berths 410/411 
4 Terminal 4, 2,500 (2) Tremie Tube 0.01 

Berths 410/411 

5 Dry Docks 1 and 4 95, 184 Split-Hull Barge 2.59 

Notes: 
(1) 35,000 CY were dredged from Terminal 4 - Slip 3 and disposed of in Cells 1 and 2. 

Assumes 5,000 CY in Cell 1 and 30,000 CY in Cell 2. 
(2) 5,454 CY were dredged from Terminal 4 - Berth 410/411 and disposed of in Cells 3 and 4. 

Assumes 3,000 CY in Cell 3 and 2,500 CY in Cell 4. 
(3) The total mass is weight proportioned based on the volumetric concentration for 

each material fraction (i.e., coarse sand, fine sand, and silt/day). 
(4) Dredge material volumes used in the model are referenced from Table 3-1. 
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Table 10-10 - Estimated Volumes of Port Dredged Material Pore Water Released 
during Cell Consolidation 

Table entries are estimated percentages of initial bulk volume of Port Dredged Materials 

In-Cell Consolidation 

Post-Disposal Post-Reclamation 

Cell 1 41 to 44 <1 

Cell 2 45 to 48 No Additional Reclamation Fill 

Cell 3 40 to 43 No Additional Reclamation Fill 

Cell 4 43 to 45 No Additional Reclamation Fill 

Cell 5 50 to 52 1 to 3 

Notes: 
lntitial bulk volume of Port dredged materials are listed in Table 3-1. 
Initial bulk volumes of Port dredged material in barge assumed to be 30 percent. 
Estimated percentage ranges are based on 1-D consolidation tests performed in accordance to ASTM D 2435 and 
modified 1 -D consolidation from United States Army Corps of Engineers, 1987. 
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Table 10·8 · STFATE Input Parameters Summary 

Maximum Volumetric Concentration (or Percent) 

Containment Port Confined Dredged Water Depth 
Disposal Volume of Material Fractions Method of 

Cell Material Source 
Disposal Dates 

in Feet 
Modeled in CY Grain Size References 

Disposal (Total Volume in CY) Coarse 
below Surface Sand 

Fine Sand Silt/Clay 

1 Dry Dock 3 November-December 50 1,000 (21,000) 0.25 (50%) 0.085 (17%) 0.165 (33%) 
Dry Dock 3 Project, Columbia Analytical 

B 
1994 

Services, June 20, 1994. 

Water Quality Monitoring during Dredging 

1 Terminal 4, Slip 3 
December 1994 -

26 
1,000 (35,000 for Cell 1 

0.0 (0%) 0.2 (40%) 0.3 (60%) 
and Disposal of Sediments from Terminal 4 

January 1995 and Cell 2 Combined) Slip 3 in Portland Harbor. Hartman 
B 

Associates, April 28, 1995. 

Water Quality Monitoring during Dredging 

2 Terminal 4, Slip 3 
December 1994 -

53 
1,000 (35,000 for Cell 1 

0.0(0%) 0.2 (40%) 0.3 (60%) 
and Disposal of Sediments from Terminal 4 

January 1995 and Cell 2 Combined) Slip 3 in Portland Harbor. Hartman 
B 

Associates, April 28, 1995. 

Terminal 2, Berths 204, 
Sediment Characterization Study River 

3 
205, and 206 

January 1996 45 100(3,178) 0.05 (10%) 0.05 (10%) 0.4 (80%) Terminals 1, 2, and 5, Hart Crowser, TH 
January 14, 1997. 

Terminal 4, Berths December 1997 - 100 (5,454 for Cell 3 and 
Sediment Characterization Study River 

3 
410/411 January 1998 

38 
Cell 4 Combined) 

0.225 (45%) 0.05 (10%) 0.225 (45%) Terminal 4, Slip 3, Hart Crowser, August TH 
29, 1997. 

Terminal 4, Berths December 1997 - 100 (5,454 for Cell 3 and 
Sediment Characterization Study River 

4 
410/411 January 1998 

53 
Cell 4 Combined) 

0.225 (45%) 0.05 (10%) 0.225 (45%) Terminal 4, Slip 3, Hart Crowser, August TH 
29, 1997. 

1) Dry Dock #1 Project, Columbia 

November-December 
Analytical Services, May 28, 1992. 

5 Dry Docks 1 & 4 
1992 

100 1,000(95,184) 0.042 (8%) 0.125 (25%) 0.333 (67%) B 
2) Dry Dock #4 Project, Columbia 
Analytical Services, November 6, 1991. 

GENERAL ASSUMPTIONS 

1. Containment cells are identified on Figure 4-1. 
2. The ambient water density at the disposal site is assumed to be 1.0 g/cc for all disposal cases. 
3. The specific gravity for the material fractions, coarse sand, fine sand, and silt/day are assumed to be 2.7, 2.65, and 2.65 g/cm 3

, respectively, for all cases and are based on standard default values presented in the model. 
4. The fall (or settling) velocity for the material fractions, coarse sand, fine sand, and silt/day are assumed to be 0.5, 0.1, and 0.01 fps, respectively, for all cases and are based on standard default values presented in the model. 
5. The depositional void ratio (i.e., the void ratio immediately following disposal) for the material fractions, coarse sand, fine sand, and silt/day are assumed to be 0.55, 0.7, and 2.0, respectively, for all cases and were derived from 
geotechnical consolidation data. 
6. The critical shear stress for the material fractions, coarse sand, fine sand, and silt/day are assumed to be 0.025, 0.015, and 0.007 psf, respectively, for all cases and are based on standard default values presented in the model. 
7. The following are standard default values presented in the model: Coarse sand is assumed to be non-cohesive and will be not be stripped during descent. Fine sand is assumed to be non-cohesive and will be stripped during 
descent. Silt/Clay is assumed to be cohesive and will be stripped during descent. 
8. For split-hull barge disposal, the length, width, and loaded (unloaded) draft of the barge are assumed to be 168, 43, and 15 (4) ft, respectively. These dimensions are typical of a 1,000 CY barge. The duration of the dump is 2 
minutes. 
9. For tremie tube disposal, a split hull barge was used to model the disposal scenario. The tremie tube was modeled with dimensions of J ft by 3 ft. The discharge of the tremie tube was varied between the mid-depth of the disposal 
cell and the mudline depth next to the cell. A disposal rate of 8.5 cy per minute (2,000 cy per 4 hours of operation) was used. 
10. The average current velocity was modeled using 0.2 fps or less. To represent the worst case in the absence of actual site data at the time of each disposal, current direction flow is directed from the island into the center of the 
lagoon. 
11. The volumetric concentrations for each of the material fractions is based on the average value presented in the reference documents. 

Hart Crowser 5 79207\FinalSl\Section10\ Table 10·8.xls-New Table 10-8 

L WG-PCI0090550 



10.0 CONTAMINANT TRANSPORT PATHWAYS 

This section describes transport pathways related to the potential migration of 

chemical constituents from the Port's confined dredged material located within 

in-water containment cells at the southern end of Ross Island Lagoon. The 

analysis of these potential transport pathways incorporated results from the field 

investigation tasks and laboratory analyses presented in previous sections of this 

Site Investigation Report. Field and laboratory results were used in geotechnical, 

groundwater transport, and other technical analyses to evaluate the likelihood of 

contaminant release from the Port's confined dredged material. Table 10-1 

summarizes the field and laboratory tasks, and technical analyses supporting the 

transport pathway evaluation. Additional details regarding technical analyses 

and computer modeling are presented in Appendix D. 

10.1 Overview of Contaminant Transport Pathways 

Hart Crowser 
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Potential contaminant transport pathways for the Port's confined dredged 

material were divided into three general categories: 

~ Potential Groundwater Transport from the Containment Cells (Figure 

10-1 ). This pathway is associated with the potential migration of chemical 

constituents in groundwater from the containment cells. Potential receptors 

include surface waters and sediments of Ross Island Lagoon and the 

Willamette River, and groundwater in deeper alluvium and the Troutdale 

Aquifer. 

~ Potential Physical Disturbance of the Containment Cells (Figure 10-2). 

This pathway is associated with the potential for physical disturbance of the 

containment cell and cap. Physical disturbances include activities related to 

human disturbances from mining and site management, as well as natural 

causes such as river erosion and earthquakes. 

~ Dispersal of Particulates and Dissolved Constituents During Disposal 

(Figure 10-3). This pathway is associated with the potential for present day 

or future impacts to surface sediment or surface waters of the lagoon from 

chemical constituents dispersed beyond the containment cell cap 

boundaries during disposal. These are discussed further below. Disposal 

methods for CAD sites in general are discussed in Section 3.0. 

Potential environmental risks for each potential transport pathway were 

evaluated in relation to both the present day and expected future (post

reclamation) conditions in Ross Island Lagoon. The future risk case evaluated 
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here represents a completion date of 2020 for reclamation filling. The 2020 

completion date was referenced in the previous version of RIS&G's Removal and 

Fill Permit (RF-26) but was recently extended to 2025 based on conditions of the 

revised Removal and Fill Permit reissued by DSL on May 2, 2000. The extent of 

planned lagoon filling described in the reissued permit remains the same as in 

previous versions, however, and results of the transport pathway analyses 

discussed in the Site Investigation Report remain valid for the 2025 completion 

date. 

An additional consideration is that the current Removal and Fill Permit is 

potentially subject to modification based on possible revisions to RIS&G's 

existing site reclamation plan. These provisions are described in Condition 28 

and Condition 29 of the reissued Removal and Fill Permit. Because of the 

uncertainties associated with potential permit revisions, the minimum 

reclamation conditions applicable to the transport pathway analyses are 

discussed below. 

Results of the contaminant transport analyses were used to evaluate potential 

risks to human health and the environment using the methods summarized in 

Table 10-2. Results from the groundwater transport pathway evaluation were 

carried forward to the human health and ecological risk assessment described in 

Section 11.0. Results of one of the particulate dispersion pathways discussed for 

disposal processes were also carried forward to the Section 11.0 risk assessment. 

Relative risks for the physical disturbance pathway associated with RIS&G mining 

activities are discussed below based on engineering analysis of slope stability. 

10.1. 1 Potential Groundwater Transport from the Containment Cells 

Port confined dredged materials placed in containment cells provides a source 

of chemical constituents that could potentially leach to the pore water of each 

containment cell. These constituents are then available for transport as 

groundwater flows though the containment cell. Several factors were 

considered in evaluating the mobility of these constituents, and their potential 

transport in groundwater beyond the cell boundaries. These factors include: 

~ "Uptake" or partitioning of chemical constituents between the confined 

dredged materials and pore water of the containment cells; 

~ Direction and rate of groundwater flow through the cells; 

~ Physical size and shape of the containment cells, and the travel distance to 

potential surface water, surface sediment, and groundwater receptors; and 
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... Attenuation of chemical constituent concentrations as a result of dispersion 

and other physical-chemical effects during transport. 

To evaluate the potential leachability of chemical constituents from the Port 

confined dredged material to containment cell pore water, Sequential Batch 

Leaching Tests (SBLTs) were performed. The SBLT method is the procedure 

recommended by WES for evaluating potential chemical leaching of confined 

sediments in freshwater environments (Brannon et al., 1994 ). WES developed 

the SBLT testing method because the potential for chemical leaching from pore 

water is expected and anticipated from sediments placed in diked, nearshore 

disposal facilities. WES now advises using SBLT procedures to evaluate the 

performance of other confined in-water disposal sites such as the containment 

cells at Ross Island. 

The analytical data from the SBL T program in conjunction with groundwater 

samples analytical data from the containment cell piezometers were used to 

simulate the potential for groundwater transport and contaminant migration. 

These simulations were completed using the USGS MODFLOW (McDonald and 

Harbaugh, 1988) and MT3DMS (Zheng and Wang, 1998) computer codes 

(Section 10.4). 

Hart Crowser tailored the modeling methodology used to evaluate the 

groundwater transport pathway based on comments by the Corps, DEQ, and 

USFW during their review of the Final Work Plan. The modeling approach 

included all detected bioaccumulative compounds and excluded biodegradation 

factors. We also applied the most conservative of the sediment/water 

partitioning coefficients of those obtained from laboratory testing versus 

literature values. In addition, groundwater sampling was completed for the 

lagoon piezometers to provide data on ambient conditions inside the 

containment cells and to provide additional modeling input. 

10.1.2 Physical Disturbance of the Containment Cell 

Activities that result in physical disturbances of the lagoon bottom could affect 

the integrity of the in-water containment cells, cap, or non-Port fill surrounding 

the cells. Human activities promoting physical disturbances (or potential 

disturbances include): 

... Dredge mining in 1998 near Cell 5 that resulted in breaching of the cell and 

dispersing Port confined dredged material to the lagoon environment. The 

Cell 5 breach was subsequently capped, as discussed in Section 3.0; and 
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Ill> The present configuration of the slope buttressing Cells 2 and 3 as a result of 

mining of the area adjacent to the cells that occurred between 1992 and 

1998. This mining activity removed material providing lateral support to 

these cells. 

In addition, physical disturbances from natural causes includes the potential for 

erosion of the cell cap and overlying fill material during river flooding. Erosion 

potential was further evaluated based on concerns from the USGS and the 

Corps raised during review by the TAP. Potential disturbance from earthquake 

was also evaluated. 

10.1.3 Dispersal of Particulates and Dissolved Constituents during 
Disposal 

Dredged material disposal operations at CAD sites result in the lateral dispersal 

of fine-grain (silts and clays) material as the materials fall through the water 

column. Typically, a small percentage of the particulates from the disposed mass 

settles outside of the cell cap boundary based on influence from the following 

factors: 

Ill> Percentage of silts and clays in the disposal material; 

Ill> Cell size; 

Ill> Water column depth and barge length (barge disposal) or discharge depth 

(tremie tube disposal); 

Ill> Ambient current velocity; and 

Ill> Disposal discharge rate or dump frequency. 

These and other factors provided input to estimate the expected dispersal of 

dredged material using computer model simulations using the STFATE program 

(Johnson et al., 1994). This program is a standard approach used by WES to 

evaluate disposal dynamics for CAD sites. 

In addition, chemical constituents present in the pore water of the dredged 

material may have been dispersed to the surface water of the lagoon when the 

dredged material fell through the water column. The predicted pore water 

volumes dispersed during descent through the water column are approximated 

by the pre-disposal porosity (30 percent) of the dredged materials. After the 

dredged material fell through the water column, it then settled and consolidated 

in the containment cells. Consolidation modeling was conducted at the request 

of the Corps to estimate the volume of pore water expelled as the Port dredged 

material accumulated in each cell. 
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Based on results of the STFATE modeling and pore volume dispersal estimates, 

potential residual impacts to the present day and future environment of the 

lagoon were then evaluated. 

10.2 Key Conclusions 

Hart Crowser 
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Key conclusions from the contaminant pathway evaluation are listed below. A 

more detailed discussion of findings is presented in subsequent sections. 

10.2.1 Potential Groundwater Transport from the Containment Cells 

..,. Investigation results determined that the containment cells effectively retard 

the migration of Port-related chemical constituents in groundwater. 

Resulting groundwater discharges to the surface water of Ross Island Lagoon 

do not contain constituents at concentrations that pose unacceptable risks to 

human and ecological receptors at present time or in the future . 

..,. Data obtained from the field investigation determined that groundwater is 

flowing upward toward Ross Island Lagoon. Thus there is no potential for 

the dissolved constituents to reach the deeper alluvium or Troutdale Aquifer. 

There is also no potential for dissolved constituents to be transported to the 

Willamette River, leaving surface water of Ross Island Lagoon as the only 

water body to potentially receive dissolved constituents . 

..,. Predicted chemical constituent concentrations in groundwater discharging to 

the lagoon from the containment cells under post-reclamation conditions in 

2020 are below regulatory screening criteria (and applicable background 

concentrations for arsenic and lead) . 

..,. Predicted chemical constituent concentrations discharging in groundwater to 

the lagoon 100 and 1,000 years from present are below screening criteria 

and applicable background concentrations, with the exception of arsenic 

from Cell 3 and Cell 4. Predicted arsenic concentrations from these cells are 

two to four times background levels at these times. These conclusions 

incorporate several conservative modeling assumptions, and likely 

overestimate the predicted concentrations. The basis of the modeling 

assumptions used is described below in Section 10.4. In Section 11.0 of this 

report, Hart Crowser demonstrates that these arsenic concentrations are 

below risk-based ambient water quality criteria based on calculation 

procedures recommended by EPA. Therefore, no unacceptable risks to 

human health were identified for this pathway. 
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.,.. Detected metals concentrations in groundwater samples from the lagoon 

flux chambers are not attributable to the Port confined dredged material. 

This conclusion is based on the long transport times predicted by transport 

modeling analysis for chemical constituents from the Port confined dredged 

materials to the surface water of the lagoon. The modeling incorporated 

only mass loading from the Port confined dredged material and did not 

attempt to estimate additional loading from other potential sources. The 

groundwater flow rate used in the modeling was based on data collected 

from the groundwater wells and flux chambers. 

10.2.2 Physical Disturbance 

.,.. Disturbance Related to Mining Activities. Hart Crowser completed 

geotechnical modeling to evaluate the stability of the slopes along the edge 

of the fill bench at the southern end of the lagoon. The current slope 

configuration is a result of mining between 1992 and 1998 by RIS&G that 

removed material providing lateral support to the containment cells. 

Modeling results indicate that there is risk of deep-seated slope failure that 

could intersect the boundaries of containment Cell 3, Cell 2, and materials 

that laterally support Cell 5. This condition is a function of relatively steep 

slopes along the bench (i.e., locally up to about 35 degrees), and low 

strength of the fine-grained sediments comprising much of the fill providing 

lateral support to the containment cells. This could result in the exposure 

and resuspension of Port confined dredged material, similar to the 1 998 Cell 

5 breach caused by RIS&G mining activities . 

.,.. Disturbance from Natural Causes. Drilling and soils testing data from a 

boring located in the dike between Ross and Hardtack Islands did not 

encounter weak layers that could be susceptible to erosion or breaching 

from flooding. Conclusions from geotechnical modeling indicated that the 

dike area is stable under static conditions and during an earthquake. Based 

on these findings and additional information presented in Section 10.5, no 

conditions were identified that would promote erosion or breaching of the 

lagoon containment cells during river flooding. 

The geotechnical engineering analysis also evaluated stability of the in-water 

fill slope next to the containment cells during an earthquake. Analysis results 

indicated that failure risk increases during an earthquake, as expressed by a 

lower calculated factor of safety under seismic conditions. Although 

earthquakes are a natural phenomenon, the increased failure risk under 

seismic loading is a result of the current slope configuration caused by 

RIS&G mining activities. 
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IJll>- Slope Hazard Mitigation Feasibility Study. Because of the slope stability 

risks identified, Hart Crowser recommended that a feasibility study be 

completed to identify mitigation measures at a conceptual level. Hart 

Crowser then prepared this study at the direction of the Port to supplement 

the scope of the Port's site investigation. Results of the feasibility study are 

presented in Appendix G of Volume II of this Site Investigation Report. 

Conclusions and recommendations for buttress filling to replace critical 

portions of the material previously mined by RIS&G and restore lateral 

support to the containment cells are summarized in Section 12.0 of the 

report. 

IJll>- Some fraction of the mass of Port dredged materials dispersed beyond cell 

capping boundaries during disposal may have been disturbed and 

resuspended as a result of RIS&G mining activities between 1992 and 1998. 

Port material dispersed beyond the capping boundaries represents 

exceedingly thin or even discontinuous layers that are volumetrically 

miniscule in comparison with the volume of underlying non-Port fill. 

Therefore, any disturbance from mining would disturb a much greater 

proportion of the non-Port fill comprising the slope. Further, this 

resuspended mass of Port material cannot be calculated without large 

uncertainties. A similar conclusion applies to Port confined dredged material 

released from Cell 5 during the 1998 mining breach by RIS&G. Subsequent 

capping of the breach area covered the remaining exposed Port dredged 

material next to Cell 5, providing isolation from the environment of the 

lagoon. The amount of Port dredged material that was potentially 

resuspended cannot be accurately estimated but is small in comparison to 

what was released and subsequently remined by RIS&G or capped (see 

Section 3.0). In Hart Crowser's opinion, no additional evaluation the 

residual Port material is warranted given the small contribution to the 

detected surface sediment concentrations attributable to the Port's dredged 

material, and generally good environmental quality of the lagoon surface 

sediments as discussed in Section 6.0. 

10.2.3 Dispersion during Disposal 

II>- Investigation results determined that disposal practices for placement of the 

Port's confined dredged materials and capping materials were consistent 

with existing guidance on confined in-water containment, as discussed in 

Section 3.0. 

IJll>- As discussed in Section 3.0, particulate dispersion in the water column is an 

expected occurrence during disposal of materials at CAD sites. For Port 

disposals in Cell 1, Cell 2, and Cell 5 that utilized a multi-compartment, split-
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hull barge disposal method, STFATE modeling results predict that on average, 

about 5 percent of the total mass of dredged materials disposed of was 

dispersed beyond the cell boundary. For Cell 3 and Cell 4 where a tremie 

pipe was used, STFATE predicted that an average of about 1 percent of the 

material was dispersed outside the cap boundaries. These predicted 

particulate and pore water dispersals during disposal are consistent with the 

disposal methodologies, cell geometries, water depths, and range of grain 

sizes of the Port dredged material disposed of. 

IJo- The containment cell cap boundaries were determined from post-capping 

bathymetric data obtained following each Port disposal event. These data 

consist of bathymetric or thickness contours with an accuracy of 

approximately 1 foot. The STFATE program cannot be used to model the 

cap placement by RIS&G or dispersal of cap material, given the multiple 

discharge locations utilized to place the capping material. Some dispersal of 

cap material beyond the 1-foot-thick bathymetric boundary likely occurred, 

providing additional coverage of dispersed dredged material. STFATE may 

therefore over-predict the percentages of dredged materials dispersed 

beyond the containment cell caps by not also accounting for dispersal of cap 

materials. While it is also possible that some of the in-place Port material 

may have been resuspended during capping, this quantity is expected to be 

volumetrically minor and not easily quantified. The redeposited material 

would have been subsequently recovered with additional fill. 

IJo- Except for the 1998 disposal ofT erminal 4 dredged material in Cell 3, review 

of the September 14, 1999, post-disposal bathymetry indicates that 

particulate material dispersed beyond the cell capping boundaries has been 

buried by 2 feet or more of additional non-Port fill. No present or future 

risks were identified for this buried material. For the 1998 Cell 3 disposal, 

residual Port material dispersed beyond the cap boundary could remain 

within the top 1 to 2 feet below the existing lagoon mudline near surface 

sediment samples HC-SS 16 and HC-SS-22 (Figure 6-1 ). An ecological risk 

assessment was completed for surface sediments in this area to evaluate 

possible effects to surface sediment quality (see Section 11.0). 

IJo- Water quality monitoring was conducted for each of the confined disposal 

events in accordance with Corps and DSL permit requirements. Monitoring 

indicated varying increases in turbidity depending on the disposal operation 

(see Section 10.6). Although some monitoring events indicated elevated 

turbidity, the increased turbidity was deemed acceptable and within permit 

conditions. 
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Ill>- As with all other CAD sites, pore water was released during disposal as Port 

dredged sediments fell through the water column and consolidated within 

the containment cells. Although this pore water contained dissolved 

chemical constituents, impacts to the water column in the immediate 

disposal areas were short-term in nature, unavoidable, and were anticipated 

as part of state and federal agency approvals for the Port disposals. In Hart 

Crowser's opinion, mixing of pore water with surface waters of the lagoon 

would have reduced concentrations of chemical constituents to below 

regulatory screening levels for water quality. Water column impacts would, 

therefore, have been expected to quickly dissipate following disposal, with 

no residual water quality issues. Investigation results such as surface 

sediment quality data, do not suggest any residual effects. 

10.3 Containment Cell Performance Pathway-SSL T Results 

Hart Crowser 
1-579:2-07 

The SBLT method was performed to estimate leaching of Port-related 

constituents from confined dredged material within the lagoon containment 

cells. One SBLT was completed for each of the five composite samples of Port 

confined dredged material collected. SBL T laboratory procedures and leachate 

chemical analyses were performed in accordance with specifications presented 

in the Final Work Plan and Addendum. A statistical summary of chemical 

analysis results for SBLT leachate is presented in Table 10-3. Summarized results 

for chemical analysis of the composite samples of Port confined dredged 

material are presented in Section 7.0 (Table 7-2). A complete compilation of 

chemical analysis results for SBL T leachate and composite dredged material 

samples is presented in Tables A-6a through A-6e in Appendix A. 

Hart Crowser conducted the SBLTs at the Hart Crowser Laboratory in Seattle, 

Washington, based on procedures developed by the Corps (WES) and described 

by Brannon et al. (1994). The SBLT leachate samples were then sent to CAS for 

chemical analysis. A detailed description of field activities and methods to 

collect the composite samples of Port c9nfined dredged material is provided in 

Appendix B. 

10.3.1 SBLT Procedure Summary 

Each SBLT consisted of seven separate leaching cycles. These tests measure the 

distribution of chemical constituents between aqueous and solid phases as 

sediment solids are exposed to increasing amounts of water. This procedure 

simulates pore water flow through the containment cells over time. During each 

leaching cycle, the test sediment and leachant water (representing the disposal 

cell pore water) were shaken together and remained in contact for 24 hours. 

One leachate sample was then collected at the end of each cycle for chemical 
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analyses. Leachate samples are designated as C01 through C07 for each cycle 

tested (see Tables A-6a through A-6e in Appendix A). 

Additionally, a representative sample of the test leachant water (LW) was 

analyzed at the beginning of each of the five SBLT series. Although surface 

water from Ross Island Lagoon was originally identified in the Final Work Plan to 

be used for leachant, groundwater from lagoon piezometer HC-G13B was used 

instead, after DEQ review and approval. Groundwater from piezometer 

HC-Gl 3B was obtained from native alluvium below Cell 5, and was more 

representative of water flowing through the containment cells based on the 

upward gradient. Leachant water for all tests was deoxygenated to simulate 

containment cell conditions in situ. 

Each leachate and leachant sample was analyzed for TOC, TSS, dissolved metals, 

TBT, SVOCs, DDT, and PCBs. The samples for metals, TOC, TSS, and organics 

analysis were filtered in accordance with Corps protocols (Brannon et al., 1994). 

The TBT leachate was centrifuged twice prior to analysis in accordance with 

procedures listed in the DMMP (1998). 

10.3.2 SBL T Data Quality Review 

SBL T chemistry data were subject to a data quality review as summarized below 

and presented in more detail in Appendix A. Following completion of laboratory 

chemical analyses, CAS submitted CLP-equivalent data packages for validation 

by Synectics. These data packages and the validation reports were further 

reviewed by Hart Crowser. Data validation tasks were completed in accordance 

with the project QAPP, Final Work Plan, Addendum, and EPA guidelines 

referenced in Section 6.0. Applicable data qualifiers are listed in the statistical 

summary Table 10-3, and in the Appendix A data compilation. 

Review Findings. Based on the data validation results, the overall data quality 

objectives (DQOs) described in the Final Work Plan and Addendum were met 

for the sampling and analysis conducted. The data presented are suitable for the 

purposes of the Port's site investigation. A summary of the data validation 

results is presented below discussing detection limits and acceptability of the 

data. The QAPP and Appendix A should be referred to for additional 

information regarding DQOs and analytical QA/QC objectives for the project. 

The data quality met the specifications of the project and the data are 

acceptable for use as qualified. A summary of water sample detection limits 

exceeding these criteria is presented in Table A-13 of Appendix A. The 

completeness of the associated data is 100 percent. 
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Various metals and phthalates were detected in the procedure blank (PB) 

samples prepared from deionized water. Associated analytical leachate results 

with concentrations less than five times the PB sample concentrations (less than 

ten times for phthalates) were qualified (B). Various metals and phthalates were 

also detected in the leachant water LW samples. Associated analytical leachate 

results with concentrations less than five times the LW sample concentrations 

were qualified (L). 

10.3.3 SBL T Chemical Results 

As expected for the Port's confined dredged material, various metals and organic 

constituents were detected in the SBL T leachate samples. Dissolved arsenic, 

copper, lead, mercury, nickel, and zinc were commonly detected, as presented 

in Table 10-3. The composite samples of Port confined dredged material with 

the highest concentrations of each of these total metals corresponded with the 

maximum SBLT leachate concentrations. The maximum concentrations of 

arsenic (62 ug/L), copper (54 ug/L), mercury (0.11 ug/L), and zinc (62.9 ug/L) 

were detected in the SBLT from Cell 1. The maximum concentrations of lead 

(17 ug/L) and nickel (3.7) were measured in the SBLT from Cell 2 and Cell 5, 

respectively. 

PCBs were detected only in the SBLT cycles for Port confined dredged material 

from Cell 1. These leachate samples contained detectable concentrations of 

Aroclor 1254 (up to 0.53 ug/L). This is an expected result because the Port 

confined dredged material composite sample from Cell 1 contained the highest 

total PCB concentration (2,900 ug/L) including Aroclor 1254 (1,900 ug/L). 

Relatively low concentrations of LPAHs were detected in SBL T leachate from all 

cells (ranging up to 3.1 ug/L for fluorene in Cell 1 ). HPAHs were also detected 

(up to 1.8 ug/L for fluoranthene in Cell 1 ). Detections of LPAHs were more 

common than HPAHs and consistent with their expected greater leachability. 

Phthalates were detected in leachate from one or more SBLT (up to 7.7 ug/L for 

diethyl phthalate in Cell 5). No pesticides were detected above the analytical 

detection limits in the leachate samples. 

Pore water TBT was detected in leachate samples from the cells, except for 

Cell 2. Concentrations ranged up to 8.4 ug/L in the Cell l samples. 

Additional details regarding SBLT results by disposal cell are presented in 

Appendix A. Constituent concentration changes over the SBL T leaching cycles 

for each cell are plotted on Figures A-1 through A-5 in Appendix A. 
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The groundwater transport pathway evaluation focused on the potential for 

chemical constituents from Port confined dredged materials to migrate from the 

lagoon containment cells to three potential receptors: 

~ Surface waters of Ross Island Lagoon; 

~ Surface waters of the Willamette River; and 

~ Groundwater of the deeper alluvium and the Troutdale Aquifer. 

These potential pathways are presented in Table 10-1 and on Figure 10-1. A 

review of the locations of the containment cells relative to groundwater flow 

directions determined during that the tidal monitoring study {Section 5.0) 

indicated that transport pathways to the Willamette River and deeper 

groundwater are not present. Based on this determination, the analysis focused 

on estimating potential chemical constituent contributions to groundwater 

discharging upward from the containment cells to the surface waters of Ross 

Island Lagoon. The results of this evaluation were incorporated into the risk 

assessment presented in Section 11.0 

10.4.1 Modeled Constituents 

Constituents for transport modeling were identified based on a review of 

chemical analysis results for Port confined dredged material, groundwater, and 

SBL T leachate samples. Selected constituents included arsenic, cadmium, 

copper, lead, mercury, zinc, TBT, and PCBs as key indicator compounds 

detected in one or more of the SBL T leachate or piezometer groundwater 

samples. Additionally, to evaluate the potential for PAH migration, 

acenaphthene, phenanthrene, benz(a)anthracene, chrysene, fluoranthene, and 

pyrene transport were modeled for each containment cell, regardless of the 

detected concentrations. This approach provided comprehensive evaluation of 

potential transport of bioaccumulative compounds and other constituents, in 

response to DEQ and TAP review comments for the Final Work Plan. 

10.4.2 Model Development and Application 

The following sections summarize the development of groundwater flow and 

transport modeling for the Port's investigation. Appendix D provides additional 

detail regarding the input parameters, assumptions, and approach for application 

of these computer codes. 
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Groundwater Flow Analysis 

Using hydrogeological information from the site investigation, two-dimensional 

groundwater flow models were developed using the USGS MODFLOW code 

(McDonald and Harbaugh, 1988) with Waterloo Hydrogeologic's Visual 

MODFLOW pre- and post-processor. The model simulates groundwater flow 

conditions for current and expected future configurations of the containment 

cells and Ross Island Lagoon. These models were calibrated to existing 

conditions using water level data collected during the tidal monitoring study and 

groundwater discharge rates measured using the flux chambers. Key input 

parameters included groundwater elevation data, groundwater flow rates, and 

hydraulic conductivities of the hydrogeologic units modeled. 

Modeling was performed for two representative cross sections (A-A' and C-C') 

through the lagoon containment cells (Figures 10-4 and 10-5, respectively). 

These figures illustrate the distribution of hydrogeologic units as defined in 

Section 5.0. The location of these cross sections is shown on Figure 5-1. The 

hydrogeologic configuration of Cell 2 and Cell 4 is comparable to Cell 1 and 

Cell 3. As a result, with minor modifications, the calibrated model developed for 

along Cross Section A-A' for Cell 1 and Cell 3 on Figure 10-4 is also applicable to 

Cell 2 and Cell 4 (see Section B-B' on Figure 5-3). It should be noted that 

although different shading is used on these figures to distinguish Port confined 

dredged material from non-Port fill, the hydraulic properties assigned to these 

units are identical for the purposes of modeling. 

In addition, the cell caps and overlying fill were modeled as intact layers, with no 

discontinuities that would allow "intrusion" or release of the underlying confined 

Port material. Combined cap and non-Port fill thicknesses varied between 6 and 

30 feet at the cell piezometer boring locations, and no field evidence was 

observed that would indicate impairment of the confinement capability of the 

cells or reduction of the cap/fill thicknesses following consolidation of the cell 

contents, cap, and overlying fill. Any possible "intrusion" of Port dredged 

materials into the overlying cap would, therefore, be localized and small-scale, 

with no influence on the modeling input assumptions or output. 

Contaminant Transport Analysis 

In conjunction with the MODFLOW groundwater flow model, contaminant 

transport was analyzed for each containment cell using the MT3DMS computer 

code (Zheng and Wang, 1998), an extension of the MT3D code (Zheng, 1990). 

THE MT3DMS model incorporated data from SBLT and lagoon piezometer 

sample analyses to simulate expected vertical and horizontal contaminant 

transport under current and expected future configuration of the containment 
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cells and Ross Island Lagoon. In addition to the physical and hydraulic 

parameters used in the groundwater flow model, key parameters for the 

transport analysis included partitioning coefficients (Kd values), dispersivity, 

effective porosity, and chemical constituent concentrations. 

The two-dimensional contaminant transport model was used to predict 

concentrations of constituents discharging to Ross Island Lagoon. Model 

predictions presented in this report represent the predicted concentration at the 

lagoon mudline for a given time. Although there is a horizontal component of 

flow, vertical flow is predominant such that higher predicted concentrations will 

occur above the containment cells as opposed to in a horizontal direction. 

Calculation of Kd Values from SBL T Results 

SBL T results and sediment chemistry data from the samples of Port dredged 

materials were used to calculate chemical-specific Kd values used in the 

groundwater transport modeling. The partitioning coefficient is the ratio of the 

equilibrium concentration of a chemical constituent in the solid (adsorbed) 

phase compared to the dissolved phase. Higher Kd values are indicative of 

chemicals that sorb strongly to the solid phase and are relatively immobile. 

Details regarding Kd derivation and a complete list of calculated Kd values are 

presented in Appendix D-1. 

Kd values derived from SBL T testing were compared to available literature values. 

At each cell, the lower of SBLT-derived and literature Kd values was used to 

provide a representative but conservative estimate of contaminant mobility for 

modeling. Kd values as applied in the groundwater transport model are 

presented in Table 10-4. For arsenic, copper, lead, mercury, and zinc, Kct values 

were derived from SBLT testing using the method of "desorption isotherms" 

recommended by Brannon et al. (1994). This method best accounts for aqueous 

phase desorption of metals from the surfaces of individual mineral grains. As 

noted in the response to DEQ and TAP comments on the July 20, 2000, Draft 

Site Investigation Report, Hart Crowser noted a computational error in 

calculating Kd values from laboratory data. The corrected Kd values are now 

presented for Table 10-4 and associated modeling results discussed in this 

section and in Appendix D-1. 

10.4.3 Modeling Analysis Results 

Groundwater modeling indicates that groundwater flow through the 

containment cells, and subsequent migration of chemical constituents, is very 

slow. This is the result of relatively low upward flow gradients (7 x 10-5 to 

1 x 10 3 ft/ft) predicted from the tidal study and flux chambers data, as well as 
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adsorption of dissolved constituents to aquifer materials, which slowed their 

advance. 

Results for modeled constituents at each cell are presented in Table 10-5. These 

results represent the predicted concentrations of constituents discharging to the 

surface water of Ross Island Lagoon at the present time (year 2000), and for 

Ross Island Lagoon in 2020. Groundwater modeling for the Port's investigation 

was completed as DSL issued RIS&G's revised Removal and Fill Permit on May 

2, 2000. Although the revised permit extended completion of in-water 

reclamation filling to 2025, groundwater modeling results for 2020 remain valid 

for evaluating the post-reclamation condition in 2025. Two future cases 

corresponding to years 2100 and 3000 are also included for comparison. 

Current Conditions 

For current conditions, the model estimates that there is no transport of PAHs, 

TBT, PCBs, or metals into the surface water of the lagoon above any of the 

containment cells. In contrast to the groundwater modeling results, dissolved 

iron, manganese, nickel, .and zinc were detected in flux chamber samples 

collected above Cell 2, Cell 3, and Cell 5 at concentrations exceeding screening 

criteria (see Table 8-1 d). As discussed in Section 8.0, these samples represent a 

mixture of surface water and groundwater as upward seeping groundwater 

enters the lagoon. Measured metals concentrations in lagoon surface water are 

lower than measured flux chamber concentrations, indicating that elevated 

metals concentrations in the flux chambers are due to groundwater sources. If 

no dilution by surface water is assumed, then measured flux chamber 

concentrations represent minimum groundwater seepage concentrations. In 

Section 8.0 dilution is accounted for by using a simple mass balance approach to 

estimate groundwater seepage concentrations. Although there is uncertainty 

inherent with the mass balance approach, the estimated groundwater seepage 

concentrations of dissolved arsenic, cadmium, copper, iron, lead, manganese, 

nickel, and zinc exceeded screening criteria at one or more locations. In Hart 

Crowser's opinion, the Port confined dredged materials cannot be a source of 

these detections for three reasons: 

II>- Estimated groundwater transport times through the cap materials and 

overlying non-Port fill indicate that chemical constituents originating from the 

Port confined dredged sediments could not have already migrated to the 

lagoon. This conclusion is based on groundwater transport modeling results 

and on the very low seepage rates measured with the flux chambers. The 

distance between the confined dredged material and the mudline (as 

measured in the containment cell borings) varied from 6 feet at Cell 3 to 30 

feet at Cell 5; 
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II>' Current concentrations of cadmium, copper, nickel, and zinc measured in 

the Port cells in piezometer groundwater samples are significantly below the 

calculated flux chamber seepage concentrations (accounting for dilution of 

surface water in the samples), indicating other potential sources for the 

detected constituents; and 

II>' Port dredged material dispersed beyond the cap boundaries during disposal 

resides too far away to influence sampling results at the flux chambers, and 

there is no indication that horizontal groundwater flow gradients are present 

that could promote transport. Further, the dispersed dredged material 

beyond the cap is not present in sufficient quantities to leach detectable 

concentrations of metals to surface water. 

Complete chemical analysis results for flux chambers are presented in Section 

8.0. 

Post-Reclamation Conditions (2025) 

Based on the extent of planned in-water reclamation filling described in RIS&G's 

revised Removal and Fill Permit, the post-reclamation condition in 2025 is the 

same as 2020 condition for the purposes of groundwater modeling. This is 

because planned filling above Cell 1 through Cell 4 is essentially complete to the 

required elevations, and required in-water fill over Cell 5 must be placed prior to 

2020. Remaining fill to be placed between 2020 and 2025 is planned for the 

northern end of Ross Island Lagoon and would not affect groundwater flow near 

the containment cells. 

For the modeled post-reclamation condition, no detectable concentrations of 

PAHs, TBT, or PCBs are predicted at the lagoon mudline from groundwater 

migrating upward through the containment cells. Low concentrations of metals 

are predicted to reach the lagoon above Cell 1 (copper and zinc) and Cell 2 

(copper and lead). These concentrations are well below surface water screening 

criteria. As part of required in-water reclamation, placement of an additional 50 

feet of fill is planned over the current Cell 5 mudline. As a result of this 

additional fill, modeling predicts no transport of constituents to surface water of 

the lagoon above Cell 5. Lagoon reclamation filling is near the -20-foot 

elevation (RI Datum) in the vicinity of the other containment cells, and additional 

fill placed within the central and northern portions of the lagoon is not expected 

to affect constituent transport for the post-reclamation case. 
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Future Projected Conditions 

No transport of PAHs or PCBs to the lagoon is predicted through the year 3000, 

with the exception of low concentrations of acenaphthene for Cell 1 (0.01 ug/L), 

Cell 2 (0.016 ug/L) and Cell 3 (0.003 ug/L). The predicted concentrations for 

acenaphthene are well below the regulatory surface water screening criteria of 

520 ug/L. Biodegradation of organic constituents, which would reduce 

predicted concentrations reaching the lagoon, was not included in the modeling. 

Very low concentrations of butyltin species are predicted to reach the lagoon by 

the year 3000 at Cell 2 and Cell 5. The maximum predicted concentration 

(0.004 ug/L tri-n-butyltin at Cell 5) is well below regulatory surface water 

screening criteria of 0.15 ug/L. 

Modeling predicts that low concentrations of metals in groundwater will reach 

the lagoon above the containment cells. Peak concentrations before the year 

3000 are predicted to be below surface water screening criteria for constituents, 

with the exception of arsenic from Cell 3 and Cell 4. Predicted times to 

exceedence for arsenic at Cell 3 and Cell 4 are 640 and 680 years, respectively. 

Considering the length of time involved and the conservative assumptions 

inherent to the modeling discussed below, the predicted exceedences likely will 

not actually occur in Hart Crowser's opinion. 

10.4.4 Sources of Model Conservatism 

Although MODFLOW and MT3DMS input parameters were applied to provide 

the most representative simulations for the Port's investigation, a number of 

conservative assumptions are inherent in their application. The cumulative effect 

of these assumptions is expected to result in an overestimate of long-term 

chemical mobility from Port confined dredged material to the lagoon. These 

assumptions include. 

"" As described further in Appendix D, the groundwater flow model was 

calibrated to the higher of two sets of measured groundwater flux data. This 

results in faster contaminant transport times from the containment cells to 

the mudline predicted by the model; 

"" "Worst case" assumptions were used for the groundwater concentrations of 

modeled constituents at each cell. The concentration within the cell was 

based on a combination of the maximum SBLT leachate concentration and 

the· highest measured piezometer groundwater concentration for that cell. 

This bias toward the maximum measured concentrations results in higher 

predicted discharge concentrations at the mudline; 
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"' No reduction was assumed for the containment cell source mass and 

corresponding cell pore water concentrations over time, after these 

concentrations were set to currently measured groundwater concentrations; 

"' For constituents within each containment cell, the more conservative (i.e., 

lowest) Kd value was selected between the project-specific SBL T values and 

literature values. This results in faster transport times from containment cells 

to the lagoon; and 

"' MT3DMS assumes fully reversible sorption-desorption reactions for chemical 

constituents. This means that the concentration adsorbed to aquifer solids is 

in equilibrium with the concentration in solution, and the entire adsorbed 

concentration is available to go back into solution. In reality, the transport of 

metals is highly sensitive to geochemical conditions. Under oxidizing 

conditions, metals such as arsenic can irreversibly partition to ferric 

hydroxides coating aquifer particles, permanently removing them from 

groundwater (Drever, 1997). 

As part of the sensitivity analysis, the effects of several of the conservative 

assumptions noted above were evaluated relative to arsenic discharge 

concentrations to the lagoon {Appendix D). This analysis shows that the 

individual effects of the conservative assumptions are to reduce predicted travel 

time and increase predicted discharge concentration, with a cumulative effect 

on conservatism that exceeds the individual effects. As an example of an 

individual effect from a conservative assumption, selection of a higher arsenic Kd 
value, approximately equal to the low range of available literature values, results 

in arsenic concentrations discharging to the lagoon that are lower than any of 

the applicable regulatory screening criteria. The use of conservative 

assumptions in the transport modeling is expected by Hart Crowser to predict 

higher concentrations of contaminant migration to the lagoon than will actually 

occur due to groundwater migration from the Port's disposal cells, providing a 

margin of safety when applying model results to the risk assessment. 

10.5 Physical Disturbance Pathway-Geotechnica/ Stability Evaluation 

H.irt Crmvser 
J-579::'.·0::" 

A geotechnical stability evaluation was completed for potential contaminant 

tr<lnsport pathways related to the physical disturbance of Port confined dredged 

m.:lterial in the lagoon containment cells. These transport pathways are 

presented in T.:lble 10-1 and Figure 10-2, and considered: 

"' Human-C.1used Disturbances from Mining and Site Management. This 

p,1thway includes slope stability concerns for Cell 5 ( 1998 breach), and Cell 

2 and Cell 3 caused by RIS&G mining activities between 1992 and 1998. 
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Mining encroached on these cells and removed fill that provided lateral 

support; and 

.,.. Disturbances from Natural Causes. This pathway includes potential river 

erosion of containment cell materials, cap, and/or overlying fill. Earthquakes 

are another natural cause of potential disturbance to the cells. 

Slope stability issues for the pathway related to human-caused disturbances from 

mining were evaluated using the SLOPE/W computer model. This model 

simulates current and post-reclamation stability conditions of the lagoon 

containment cells. This model addresses the potential failure of materials 

comprising the slopes that laterally confine the containment cells. 

Stability modeling of the dike section between Ross and Hardtack Islands was 

also evaluated, and an upland soil boring was completed in the dike to look for 

potential soil layers that could be susceptible to erosion from natural causes 

during flooding. In addition, expected flooding intensity and effects in the Ross 

Island area were evaluated in the Final Work Plan for the Port's investigation. 

Summary results from evaluation are repeated in this section for completeness. 

10.5.1 Human-Caused Disturbances from Mining and Site Management 
- Slope Stability of Lagoon Containment Cells 

Slope stability analyses were performed using the computer program SLOPE/W 

(GEO-SLOPE, 1998). SLOPE/Wis a standard engineering computer code used 

for many slope stability applications, including static and seismic loading of 

submerged structures. The program incorporates a stability evaluation method 

referred to as the "method of slices" to calculate a failure factor of safety in a 

given slope area. The SLOPE/W program performs the stability calculation for 

many different potential failure surfaces until the surface with the lowest factor 

of safety is determined. This is identified as the critical failure surface. The factor 

of safety of the critical failure surface is an index of the relative stability of a 

slope. Interpretation of this value with regard to the actual risk of slope failure is 

subject to engineering judgment, given the physical configuration of the slope, 

variability of input parameters, historical information regarding slope 

performance, and other factors. 

Soil properties for model input were developed based on the results of field 

exploration, laboratory testing program, and the physical setting of the site. The 

stability of submerged slopes is a function of the steepness of the slopes, 

soil/sediment types, index properties such as plasticity and grain size 

distribution, and the relative density/consistency of the materials. These input 

parameters are summarized in Table 10-6, with additional detail provided in 
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Appendix D-2. Additional discussion of computational assumptions for the 

SLOPE/W program is also provided in this appendix. 

A number of representative cross section locations were selected for stability 

analysis using SLOPE/W. Figure 10-6 shows the locations of the cross sections 

depicted on Figures 10-7 through 10-12. These sections depict geotechnical soil 

units derived from physical density/consistency information from field sampling 

data and laboratory testing. As shown on the figures, the stability sections 

traverse critical slope areas adjacent to the containment cells and dike area. The 

slope profile of the current lagoon mudline is based on September 1999 
bathyrnetry (Minister-Glaeser, 1999b). Profiles of the mudline slope at the time 

the containment cells were constructed and prior to disposal of Port dredged 

material are also noted on the stability sections. A complete list of available 

bathymetric records is provided at the end of Section 13.0. 

Static Stability Analysis Results 

Stability andlysis results for static (e.g., self-loading) conditions considered two 

primary modes of potential slope failure: 

IJJ>- Surficial Soughing. These types of failures generally consist of shallow 

sloughing and raveling that are typical for relatively steep slopes such as 

those ne.:ir the containment cells. The SLOPE/W program has difficulty 

simulating instability from these processes, and the stability analysis was 

therefore based primarily on engineering judgment from experience with 

similar submerged slopes. Steep slopes comprised of loose or soft materials 

will likely undergo localized surficial sloughing to achieve equilibrium. 

Surface sloughing is not expected to directly destabilize or otherwise to 

expose Port confined dredged material in the current configuration of the 

cont~1i11ment cells. The main concern associated with this failure mechanism 

is th.1t progressive sloughing and erosion of steep slope areas can eventually 

promote deeper-seated failures if not mitigated. 

IJJ>- Deeper-Seated Failures. These types of failures involve greater volumes of 

loose or snit materials forming the steep slopes adjacent to the containment 

cells. and present a significant degree of risk of exposure of Port confined 

dredged 111,1terials in their current condition. Deep-seated failures would 

likely involve significant lateral and vertical movement of the materials. 

Althnugh the SLOPE/W model simulates this failure mechanism as mass 

slipp.1ge ,1lo11g an arcuate surface, the movement of soils may be more 

comple,, especially under seismic loading. Significant soil mixing would 

likely occur during a deeper-seated failure. 
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Based on these potential failure mechanisms, Table 10-7 summarizes the results 

of the stability analysis for the cross sections presented on Figures 10-8 through 

10-13. In general, deeper-seated failures were predicted for marginally stable 

slopes, with failure initiated near the toe of the slope. Factors of safety for these 

sections were generally less than 1.1 to 1.2 for static conditions. Higher factor 

of safety values of 1.3 to 1.5 were associated with slopes where failure was 

limited to surface sloughing only. Specific results on a section-by-section basis 

are discussed below: 

Cell 5 Stability Sections (AA-AA' and BB-BB'). Following the 1998 breach of 

Cell 5, subsequent capping by RIS&G created a relatively stable slope angle of 

approximately 12 degrees, as shown on Cross Section AA-AA' on Figure 10-7. 

Results of the stability analysis indicate a factor of safety of 1.5 for this section, as 

well as low potential for surficial sloughing. Further to the north, however, the 

cap angle steepens, increasing potential slope instability. 

Cross Section BB-BB' is located in fine-grained, non-Port fill confining the 

northern side of Cell 5 (Figure 10-8). This section is representative of steep 

slopes on either side of the Cell 5 breach area, and has a slope angle of 35 

degrees or more. The steep nature and general low strength of materials present 

near this slope result in a low factor of safety of less than 1.1. Potential slope 

failures include deeper-seated, arcuate surfaces, as illustrated on Figure 10-8. 

The slopes located on either side of the breach in Cross Section AA-AA' appear 

to be the most unstable of the slopes modeled for the geotechnical stability 

analysis. 

Cell 1 through Cell 4 Stability Sections (CC-CC', DD-DD', and EE-EE'). These 

sections are representative of conditions resulting from in-water dredge mining 

by RIS&G between 1992 and 1998. These slopes vary in angle from about 26 

to 30 degrees, and are characterized by low-strength, fine-grained non-Port fill 

and Bonneville Rock that laterally confine Cell 1 through Cell 4. These slope 

areas are subject to potential deep-seated failures, based on factors of safety of 

less than 1.2, as shown on Figures 10-9, 10-10, and 10-11, and in Table 10-7. 

Following mining by RIS&G between 1992 and 1998, Cell 2 and Cell 3 are now 

near to the crest of the slope, and lie within the predicted envelopes for deeper

seated failure shown on Figure 10-9 and Figure 10-11. In contrast, Cell 1 and 

Cell 4 J.re not affected because of the distance between these cells and potential 

failure surfaces. Cell 4 is located approximately 200 feet south of the critical 

failure surface and would not be directly affected by the predicted failure 

surface. Cell 1 is located even farther away from unstable slope areas. 
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Seismic Slope Stability Results 

SLOPE/W modeling included evaluation of potential earthquake-induced 

instability under seismic loading. Although earthquakes are a natural 

phenomenon, related stability concerns for the containment cells are a result of 

the current slope created by RIS&G mining activities between 1992 and 1998. 

Earthquake-induced instability is, therefore, considered with this disturbance 

pathway. 

The geotechnical analysis included preliminary evaluation of slope stability under 

seismic loading. Potential seismic concerns were identified for the lagoon 

containment cells with the exception of Cross Section AA-AA' (Cell 5 breach 

area) {Table 10-7). Even under rather modest levels of shaking, factors of safety 

for these stability sections fell significantly below 1.0. The seismic stability 

analysis indicates that the majority of slopes present in the lagoon would be 

subject to failure during a design seismic event. 

In contrast, modeling results indicate that Cross Section AA-AA' through the Cell 

5 breach is subject to surficial sloughing under seismic loading. There is no 

indication of potential catastrophic failure along this section during expected 

levels of ground shaking. 

10.5.2 Disturbances from Natural Causes-Potential for Erosion from 
River Flooding 

Erosion of the containment cell caps and overlying lagoon fill during flooding of 

the Willamette River was identified as a concern during development of the 

work scope for the Port's investigation. Two main erosion mechanisms are 

associated with this pathway: 

..,. Erosional scour from flood waters overtopping upland areas of Ross and 

Hardtack Islands at the upstream end of the lagoon; and 

..,. Breaching of the upstream end of the island and creation of a new flood 

channel through the lagoon. 

The overall potential for erosion was determined to be low based on the 

discussions below. In addition, subsurface soils data were collected in the dike 

between Ross and Hardtack Islands, and geotechnical stability modeling was 

completed to address comments made by the USGS during work plan review. 

November 30, 2000 Page 10-22 

L WG-PCI0090572 



H,irt Crowser 

l·Si'l~·lli 

Erosional Scour 

The erosional scour mechanism is a concern for floods of sufficient magnitude to 

overtop the upland areas at the southern end of the lagoon. Flooding must also 

have sufficient intensity and duration to promote scouring. Available Corps and 

flood profile data presented in the Final Work Plan indicate that flooding 

between the 10- and SO-year events would begin to cover many upland areas up 

to elevations of about 28.1 S feet (RI Datum, equivalent to 29.7 feet NGVD). 

Because finished reclamation elevations in upland areas are planned to be 

between about 24 to 30 feet (RI Datum), flooding greater than the SO-year event 

would be necessary to completely overtop the upland areas. 

Overbank flows increase scour potential as the flow becomes turbulent on the 

downstream (lagoon) side. Upland fill and shallow in-water fill are most 

susceptible to erosion under these conditions. However, scour potential 

decreases rapidly with depth as energy from turbulent flow is dissipated. Fill 

materials placed deeper than about elevation -20 feet (RI Datum) are expected 

to be below the depth of scouring and thus minimally affected. Also, river 

velocities modeled by the Portland District Corps (1998b) during the 100-year 

event are relatively low at the upstream end of the island (2.6 feet per second). 

These velocities, and the related scour potential, further decrease as flow enters 

the lagoon over upland areas. In addition, upstream flood control projects in the 

Willamette River basin limit impacts from potential flooding, and events of 

greater erosive force than experienced in 1964 and 1996 are not expected. 

Therefore, there is no indication of current velocities high enough to remobilize 

and entrain sediment fill in the lagoon during flooding. 

Breach of Island Upland Areas 

A complete breach of the island strip at the southern portion of the Ross Island 

Lagoon would require a considerable degree of preferential erosion at one 

location. The most likely breach scenario would be progressive, headward 

erosion or "backcutting" through the dike area at higher flow velocities. The 

flow conditions for the 100-year flood event do not appear to have sufficient 

energy and resulting scour velocity to produce a breach. The shape and 

loc:ition of the Ross Island help to reduce such erosional energy by splitting the 

river's flow into the Willamette River main channel to the west and Holgate 

Slough to the east. Additionally, reclamation fill has widened the upstream 

portions of Hardtack Island to 400 feet or more, increasing the stability of 

uplL111d Jreas. Revegetation of this area provides further stabilization over time 

to decrease potential of a breach. 
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Aerial photographs reviewed for the project and presented in the Final Work 

Plan do not show indications of erosion near the dike or areas immediately 

upstream and downstream since the dike was constructed in 1926 and 1927. 

No obvious, erosion-prone areas were identified. The extreme southern tip of 

the island continues to be stable, based on the extensive vegetation that has 

consistently covered this area. Visual conditions of the dike following the 1964 

and 1996 record flooding events provide strong evidence that the dike (and 

upland areas in general) are not prone to down-cutting or potential breaching 

during flooding. 

Dike Boring HC-G18 

In response to the USGS work plan review comments, additional subsurface 

soils data were collected from dike boring HC-G18 during field exploration. 

Exploration efforts included geophysical testing to evaluate potential low

strength layers susceptible to erosion or failure during flooding. As discussed 

below, geotechnical modeling did not identify stability issues that would affect 

the integrity of the dike. Subsurface soils from the dike boring were determined 

to be physically and mechanically comparable to native alluvium adjacent to, 

and beneath the dike, with no preferentially weak layers observed. 

SLOPE/W Stability Modeling 

In addition to the lagoon containment cells, the SLOPE/W modeling program 

was also applied to Section FF-FF' located across the dike constructed between 

Ross and Hardtack Islands (Figure 10-12). Stability issues were evaluated for this 

area to determine whether soil conditions exist that could weaken the dike 

during flooding or induce river breaching. The surface side slopes in the dike 

area are generally less than 15 degrees. Soils encountered in upland soil boring 

HC-Gl 8 completed at the crest of the dike consisted of a layer of loose sand 

over sand and gravel. The latter soils are virtually indistinguishable from native 

alluvial soils observed in other upland borings completed for the Port's 

investigation. Based on these factors, stability analysis results predicted a static 

factor of safety of 1.3 for the dike area, with no indication that deeper-seated 

failures are likely. Some surficial sloughing of the overlying loose sand is 

expected, but not at the level at that could cause the dike to "unravel" and be 

susceptible to breaching from the river. 

Earthquake-induced stability issues for the dike Cross Section FF-FF' are limited to 

surficial sloughing under seismic loading. There is no indication of potential 

catastrophic failure along this section during expected levels of ground shaking. 
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10.5.3 RIS&G Remining and Resuspension of Dispersed Port Dredged 
Material 

Some potential exists for RIS&G mining activities between 1992 and 1998 to 

have disturbed Port material that was dispersed beyond the containment cell 

capping boundaries during disposal (see Section 10.6). Some of this disturbed 

Port dredged material may have been resuspended, but any redeposited 

material represents exceedingly thin or discontinuous layers within much greater 

volumes of non-Port fill. Therefore, this volume would have constituted a very 

small fraction of the non-Port fill exposed as mining progressed southward 

toward the containment cells. Port dredged material was also released to the 

lagoon environment during the 1998 mining breach of Cell 5, but was 

subsequently capped by RIS&G in 1999 under an order from DEQ. In Hart 

Crowser's opinion, no additional evaluation the residual Port dredged material is 

warranted given the small contribution to the detected surface sediment 

concentrations attributable to the Port's dredged material, and generally good 

environmental quality of the lagoon surface sediments as discussed in Section 

6.0. 

10.6 Dispersal of Particulates and Dissolved Constituents during Disposal 

Hart Crowser 
J-5792-07 

Disposal processes for the Port's dredged material are described in Section 3.0 

of this Site Investigation Report. Placement of dredged material in Cell 1, Cell 2, 

and Cell 5, completed between 1992 and 1995, was accomplished using a split

hull barge stationed over the disposal points. Later placement of material in Cell 

3 and Cell 4, completed between 1996 and 1998, utilized a tremie tube to 

transfer the material from a hopper barge to the containment cells. Placement 

of dredged material by barge and tremie tube are well-established methods for 

placing fill for in-water containment, and are conceptually illustrated on Figure 

3-3. 

During placement, dredged material fell through the water column and 

consolidated in each cell. This process caused a fraction of the mass to be 

dispersed beyond the immediate disposal area. As illustrated on Figure 10-3, 

these masses consist of a solid or particulate fraction, and a dissolved fraction. 

Dispersal to the water column is expected during disposal at CAD sites and was 

anticipated for the Port's disposals at Ross Island Lagoon. Consequently a 

number of measures were implemented to control the expected dispersal and 

verify placement: 

..,_ Physical range poles were used to locate and station the disposal barges 

over the containment cell targets; 
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~ Individual barge dumps discharged a maximum volume of about 1,000 CY 

of dredged material over an approximate 2-minute dump duration; 

~ The placement velocity for tremie tube disposals was limited to about 8.5 CY 

per minute to minimize turbulence and rebound of the material from the 

bottom of the cell as the cell is filled; 

~ Dredged material was allowed to settle and consolidate within the cells for a 

minimum of two-weeks before capping materials were placed; 

~ Port inspectors were regularly present during all disposals to observe and 

verify that materials were discharged at the planned locations; and 

~ Bathymetric surveys were completed to document pre- and post-placement 

conditions and to verify the distribution of disposed dredged materials and 

the extent of capping. 

Water quality monitoring was conducted during disposal operations to verify the 

short-term nature and limited area of water quality impacts. Monitoring 

requirements were established in permits for the Port's disposals authorized by 

the state, the Corps, and other agencies. Water quality monitoring data are 

summarized in the Final Work Plan. 

The following sections summarize the methods used for estimating the extent to 

which particulate and dissolved constituents may have dispersed beyond the 

boundaries of the cell caps for the Port's disposals at Ross Island at the time of 

the disposal events. These methods include the Corps STFATE computer model 

for estimating particulate dispersal, estimates of pore water released from the 

dredged material during placement in the confined cells, and review of results 

from water quality monitoring. Results of these analyses were then used to 

evaluate potential residual environmental effects on current and future 

conditions at Ross Island. 

10.6.1 Particulates Dispersed during Disposal- STFATE Model 
Application 

The Corps STFATE (Short-Term Fate of Dredged Material Disposal in Open 

Water) (Johnson et al., 1994) computer model was used to predict the 

distribution of particulates released to the water column during the Port's 

disposals at Ross Island. STFATE simulated resuspension and "stripping" of 

particulates during descent and predicted how the mass was distributed within 

and near each cell. These results were then analyzed to estimate the percentage 
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of the disposal mass deposited beyond the capping areas, and to evaluate the 

subsequent fate of this material in Ross Island Lagoon. 

Input parameters to the STFATE model included the following: 

~ Disposal and capping area dimensions and depth; 

~ Ambient water column conditions; 

~ Barge dimensions, draft, and disposal rate; and 

~ Dredged material physical properties. 

These input parameters represent site-specific conditions at the time of disposal, 

and the physical characteristics of Port dredged material as determined from 

sampling data. Input parameters for each of the disposal cases described below 

are summarized in Table 10-8, with additional detail provided in Appendix D-3. 

The standard "barge or scale" disposal option in STFATE was used to model the 

Port's split-hull barge disposals for Cell 1, Cell 2, and Cell 5 in the Ross Island 

Lagoon. Disposal of dredged materials using a tremie tube is not a standard 

option of the STFATE modeling program; instead the "barge or scale" option was 

modified to simulate tremie disposal events for Cell 3 and Cell 4. In this 

modification, a 3-foot-diameter tremie tube was represented by reducing the 

barge dimensions, and by applying a range of tremie disposal depths of 18 to 35 

feet below the water surface. These disposal depths equate to the estimated 

minimum disposal depth (mid-point between the cell bottom and adjacent 

mudline) and the maximum disposal depth (mudline depth). The actual tremie 

discharge depths during disposal were not available. 

Several of the input parameters used to model the disposal of the Port's dredged 

material have varying levels of associated uncertainty: 

~ Tremie Tube Disposal Depth. Records regarding the depth of the tremie 

tube below the water surface during disposal were not available. Photos of 

the tremie tube prior to installation indicate the tremie tube was a minimum 

of 18 feet long. Average depths between 18 and 35 feet were used for 

modeling purposes. 

~ Lagoon Current Velocity. The surface water data collected by Hart Crowser 

for the Port's investigation and by CH2M HILL (1999b, 2000a, and 2000b) 

indicate that the lagoon is a limited-flow system that is physically comparable 

to an enclosed lake in many ways. The main force affecting current is wind, 
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or possibly vessel activity. For the purposes of SFT A TE modeling, river and 

tidal currents have essentially no influence. Lagoon wind and current 

records during disposal were not available, but descriptions of wind 

conditions in Port field notes do not indicate excessive speeds (i.e., above 20 

to 25 mph). Based on these maximum wind conditions and assuming 

limited circulation in the lagoon, the maximum water velocity input for 

STFA TE was 0.2 foot per second to a depth of 1 foot below the water 

surface. Current velocity further decreases logarithmically with depth, with 

little or no effect on transport of dispersed particulates. Although STFATE is 

sensitive to current velocity, STFATE results would not vary significantly 

within the limited range of velocities expected in Ross Island Lagoon below 

about 0.2 foot per second. For these reasons, additional STFATE sensitivity 

analyses within the expected low range of current velocities were not 

completed. 

II> Lateral Extent of the Capping Boundaries. The extent of the capping 

boundary is based on post-disposal bathymetry maps and cross sections for 

each disposal cell. These documents are listed at the end of the reference 

section (Section 13.0). For the purposes of defining the capping boundary 

for the STFATE analysis, the bathymetric elevation or thickness contours are 

accurate to approximately one foot. Dispersal of cap material beyond this 

defined bathymetric boundary was unable to be modeled by STFATE 

because of the continuously varying location of the discharge end of the 

hydraulic line used for placing cap material. Dispersal of cap material 

beyond the cap boundary likely occurred, however, thus covering dispersed 

dredged material. The thickness of dispersed capping material was not 

quantifiable or detectable using bathymetric methods. Because STFATE does 

not account for the dispersed fraction of capping material beyond the 

"bathymetric" edge of the cap, the percentage of dredged material dispersed 

beyond the cap boundary is conservatively high. 

II> Dredged Material Physical Properties. Some chemical constituents 

associated with the Port's dredged materials may be preferentially associated 

with heavier particles (e.g., sand size and larger) rather than the finer 

fractions. For example, pencil pitch from the 1994-1995 Terminal 4 Slip 

disposal in Cell 1 and Cell 2 is generally present as larger fragments that 

would be expected to fall close to the cell disposal target rather than 

disperse. STFATE cannot account for preferential settling based on chemical 

composition. The dispersed fraction may, therefore, contain a lower mass of 

chemical constituents compared to the dredged material within the 

containment cells. 
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10.6.2 STFATE Modeling Results 

Table 10-9 summarizes the estimated percentages of mass beyond the cell 

capping boundaries for each disposal event. These estimates vary from 1 to 8 

percent of the total mass for each of the split-hull barge disposals. This 

percentage is about 1 percent for tremie tube disposals. The outermost extent 

of particulate deposition modeled from STFATE varied from about 300 feet from 

the Cell 1 disposal point to about 500 feet in deeper water for Cell 5. These 

results are consistent with the expected particulate behavior for these disposals, 

given the fine-grained nature of the materials and other factors discussed for 

each cell disposal event below. 

Cell 1 

Approximately 21,000 CY of dredged material from Dry Dock 3 was disposed of 

to an approximate maximum 50-foot depth in Cell 1 in 1994 using a split-hull 

bottom barge. In November 1994/December 1995, additional dredged material 

from Terminal 4, Slip 3 was placed into the cell. STFATE predicted that roughly 7 

to 8 percent of the disposal masses for these events were dispersed outside the 

cap boundary. The size of the disposal barge relative to the cell, and decreasing 

water depth during disposal are the primary factors contributing to the STFATE 

results. Cell 1 also had a less extensive initial capping than Cell 2, Cell 3, or Cell 

4. Post-disposal bathymetry indicates that dredged material dispersed beyond 

the cap boundary is currently buried by an additional 9 feet of non-Port fill that 

was placed following capping of Cell 1. 

Cell 2 

The remainder of the November 1994/December 1995 dredged material from 

Terminal 4, Slip 3 was placed to maximum depths of about 26 feet in Cell 1 and 

53 feet in Cell 2. Predicted particulate deposition beyond the capping boundary 

represented 5 percent of the total mass. Although sediment grain sizes of the 

dredged material were the same as those for the second Cell 1 disposal, the 

dimensions of Cell 2 and capping area were larger, resulting in a lower 

percentage of mass dispersed beyond the cap. Post-disposal bathymetry 

indicates that dredged material dispersed beyond the cap boundary is currently 

buried by an additional 12 feet of non-Port fill that was placed following capping 

of Cell 2. 

Cell 3 

In January 1996, approximately 3, 178 CY of dredged material from Terminal 2 

were disposed to maximum depths of 45 feet in Cell 3 using a tremie tube. 
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STFA TE predicted that less than 1 percent of the total mass was deposited 

outside the final cap boundary. Although this disposal contained a high 

percentage of fine-grained material (80 percent), the tremie disposal method 

resulted in very low dispersal relative to the previous barge disposals in Cell 1 

and Cell 2. 

In January 1998, additional dredged material from Berths 410/ 411 was disposed 

of to a maximum depth of about 38 feet in Cell 3. As for the earlier disposal, 

STFATE predicts that less than 2 percent of the disposal mass was deposited 

beyond the final cap boundary. This disposal had a relatively low percentage of 

fines ( 45 percent) that contributed to minimal dispersal. 

Post-disposal bathymetry conducted after the 1998 Berth 410/ 411 disposal 

indicates that dispersed dredged material from this event could be present in the 

top 1 to 2 feet below the current mudline in a localized area near surface 

sediment sample HC-SS 16 (Figure 10-13 ). This location is within the footprint 

predicted by STFATE where Berth 410/ 411 material may have been dispersed 

beyond the subsequent capping boundary for Cell 3 and Cell 4. The predicted 

STFA TE footprint represents the area where the initial deposited thickness of the 

dispersed Port material was 0.1 foot or greater. This material quickly 

consolidates to a fraction of this thickness after disposal and placement of 

additional non-Port fill. In response to DEQ and TAP comments on the July 20, 

2000, Draft Site Investigation Report, Hart Crowser modeled potential effects of 

bioaccumulation from the Port's material dispersed within the area identified on 

Figure 10-13, including the location of sample HC-SS 16. Results of the 

bioaccumulation modeling are summarized in Section 11.0 and did not identify 

risks associated with potential contributions of chemical constituents from Port 

material dispersed during disposal. 

Cell 4 

For the remainder of Berth 410/ 411 material disposed of in Cell 4 in January 

1998, less than 1 percent was predicted to have been dispersed beyond the cap 

boundary. This is consistent with the conclusions for the previous tremie tube 

disposals in Cell 3 and relatively low percentage of fines ( 45 percent). 

Conclusions reg,uding the distribution of dispersed dredged material based on 

review of post-dispos,)I bathyrnetry are the same as those discussed above for 

Cell 3. 
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Cell 5 

Approximately 95,000 CY of dredged material from Dry Docks 1 and 4 were 

disposed of at an approximate 100-foot depth in Cell 5 using a split-hull bottom 

barge. Although Cell 5 was located in the deepest water of any of the disposals, 

cell dimensions were large in comparison to other cells. As a result STF A TE 

predicted that less than 3 percent of the total disposal mass was deposited 

outside the cap boundary, the lowest estimate of the barge-modeled disposals. 

Post-disposal bathymetry indicates that dredged material dispersed beyond the 

cap boundary is currently buried by approximately 1 7 feet of non-Port fill that 

was placed following cap placement at Cell 5. 

10.6.3 Fate of Dispersed Particulate Material 

Although STFATE predicts that some particulates from Port dredged material 

were dispersed beyond the cell capping boundaries during disposal, on-going 

reclamation by RIS&G has continued subsequent to these events. This filling 

provided additional cover to isolate non-capped Port dredged material from the 

lagoon environment. Available bathymetric survey maps and cross sections 

were reviewed to determine the elevation of the present day mudline relative to 

post-disposal elevations where particulates may have been dispersed. With the 

exception of the 1998 Berth 410/ 411 disposal in Cell 3 and Cell 4, Port material 

from earlier disposal events was buried by substantial quantities of capping 

material and non-Port fill. Review of the bathymetric data indicates a burial 

thickness of 2 feet or more. 

As discussed above for Cell 3 and Cell 4, some of the material from the 1998 

Berth 410/411 disposal may have potentially been deposited within 1 to 2 feet 

of the current mudline over the area identified on Figure 10-13. Hart Crowser 

previously concluded in the July 20, 2000, Draft Site Investigation Report that 

constituents detected in surface sediment sample HC-SS 16 located within this 

area could not account for the bioassay failure. Further bioaccumulation 

modeling was conducted to address DEQ and TAP comments, and no risks 

associated with the dispersed Port material were identified. 

Concerns were also raised by DEQ and the TAP regarding the exclusion of areas 

near surface sediment samples HC-SS20 and HC-SS-22 from the risk assessment, 

given the bioassay failures of these samples (Figure 10-13 ). Both these samples 

are loc.:ited well beyond the areas of influence predicted by STFATE, and 

HC-SS20 lies above 2 to 3 feet of capping material placed over the 1998 Cell 4 

spill. The rationale for excluding the area near HC-SS22 is further supported by 

the following points: 
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.,,_ Sample HC-SS22 is beyond the fringe of particulate dispersion from the Cell 

3 disposal where Port dredged material can account for constituent 

concentrations detected in this sample. This sample is even farther from the 

area of influence of the 1998 disposal in Cell 4. Near HC-SS22, STF ATE 

predicts a deposited thickness of 0.04 foot of Port dredged material, which, 

as discussed above for Cell 3 would rapidly consolidate after disposal and 

placement of up to 1 to 2 feet of additional non-Port fill. This 0.04-foot 

deposited thickness is a very conservative "worse case" (in view of the 

additional expected compaction), and accounts for less than 7 percent of the 

0.6-foot-thick sediment sample collected at HC-SS22. The dispersed Port 

material would, therefore, have to contain roughly 15 times the 

concentrations of PCBs, mercury, and PAHs detected in this sample to 

account for these results . 

.,,_ Aroclor 1260 and mercury were detected in HC-SS22 at concentrations of 

116 ug/kg and 0.8 mg/kg, respectively, and exceeding sediment screening 

level criteria evaluated for the Port's investigation (Section 6.0). To account 

for Aroclor 1260 concentrations detected in the sample, the deposited 

concentrations from Port dredged material would have to be on the order of 

1, 7 40 ug/kg. This is far above concentrations detected in a pre-dredge 

sample of Berth 410/411 material (below detection limit value of 50 ug/kg), 

and in the in situ composite sample from Cell 3 ( 1 2 ug/kg). Similarly, 

detected mercury in HC-SS22 was 0.8 mg/kg, requiring an initial 

contribution from the dispersed Port dredged material of more than 12 

mg/kg. For comparison, mercury was undetected at 0.05 mg/kg in the 

pre-dredge sample, and at 0.14 mg/kg in the in situ composite from Cell 3 . 

.,,_ TAP review comments further suggested that the detected Aroclor 1260 

concentration (116 ug/kg) in HC-SS22 should be compared to total PCBs in 

the pre-dredge sample to account for potential degradation over time. Total 

PCBs in the pre-dredge sample from Berth 410/411 were detected at a 

maximum concentration of 98.4 ug/kg, far too low to account for the 

HC-SS22 result based on the rationale presented above, even assuming an 

unrealistically high proportion of Aroclor 1260 in the total PCB composition. 

Comparison of individual PAH constituents in HC-SS22 and the pre-dredge 

sample or the composite sample from Cell 3 also yields a similar conclusion . 

.,,_ Sample HC-SS22 is underlain by non-Port fill, including in-water fill adjacent 

to an area of continuing upland reclamation filling by RIS&G (Figure 6-1 ). 

Seventeen samples of subsurface upland fill collected by Landau during 

Phase I of the RIS&G Site-Wide Investigation contained Aroclor 1260. 

Additionally, mercury was detected in more than 25 of these samples, 
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indicating the need to further evaluate the area near HC-SS22 during Phase II 

of the RIS&G Area-Wide Investigation. 

10.6.4 Dissolved Mass Released during Disposal 

During disposal, pore water would have been released from the Port dredged 

material as this material descended through the water column and settled under 

its own weight in the containment cells (Figure 10-3 ). The released pore water 

would have contained dissolved chemical constituents that dispersed throughout 

the surface waters of the lagoon. These constituent concentrations can be 

conservatively estimated using results of the SBLT leachate analyses. Because 

the SBLT method is a laboratory procedure to simulate longer-term leaching 

effects, it will overestimate pore water concentrations from the sediments falling 

through the water column during disposal. 

The pore water volume released mechanisms can be expressed as a percentage 

of bulk volume of the Port confined dredged material disposal. These 

percentages were estimated to evaluate potential residual effects on the lagoon 

environment. The volume of pore water released during descent of the Port 

dredged materials was estimated to be 30 percent of the bulk volume of the 

dredged materials prior to disposal. This estimate is based on the assumed 

porosity of the bulk sediment in the barge before disposal, using the bulk 

volumes listed for each disposal event in Table 3-1. 

In a separate process, pore water is also expelled as the sediments settle and 

consolidate under their own weight in each containment cell. This volume of 

expelled pore water is in addition to what may be released during descent of the 

sediment through the water column. Laboratory consolidation testing was 

completed to estimate the pore water volumes expelled during settling of the 

Port dredged materials in each containment cell, as described below. The Port's 

investigation did not identify any residual impacts or risks to surface sediments of 

the lagoon from this potential pathway (Section 6.0). 

10.6.5 Consolidation Testing and Modeling Application 

The consolidation behavior of fine-grained sediment deposited through a water 

column depends on a number of factors. As sediment falls through the water 

column, sand and silt-sized particles undergo mechanical dispersion and mixing, 

increasing the volume of void space. Alternatively, sediment may travel through 

the water column in more discrete clumps in which the void space within the 

clumps is not substantially altered from the pre-disposal condition (i.e., within the 

barge). In the latter case, however, the void volume surrounding clumps is 

increased. As the material deposits within each containment cell, compression 
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takes place under self-weight and pore water is expelled. The magnitude of pore 

expulsion depends on the method of placement, loading conditions, and time. 

The degree of consolidation is typically greater for dispersed fine-grained 

material than for clumped material. 

For the Port confined dredged material, in-cell consolidation processes were 

modeled using a one-dimensional laboratory consolidation analysis. 

Consolidation analysis involved laboratory odometer testing as the most 

common method for determining consolidation properties (ASTM D 2435). A 

standard modification of this method was used to enable measurements of 

changing void volumes in the samples as stress is applied at low levels (Corps, 

1987). These combined procedures simulated various states of consolidation 

within the containment cells as a function of time. Testing included composite 

samples of Port dredged material obtained from Cell 2, Cell 3, and Cell 5. 

Consolidation testing also considered long-term consolidation of Port dredged 

materials within the cells to estimate the volume of expelled pore water under 

post-reclamation conditions. Additional details regarding consolidation 

modeling and pore water volume calculations are provided in Appendix D-2. 

10.6.6 Consolidation Modeling Results 

Table 10-10 summarizes the predicted pore volumes expelled from each 

disposal cell based on results of the consolidation modeling. For the post

disposal case, predicted pore volumes released to the lagoon surface waters 

varied from 40 to 52 percent of the initial volume of bulk sediments placed in 

the cells. The results, shown in Table 10-10, also predict the volume percentage 

of pore water volumes expelled under additional loading from reclamation fill 

over Cell 1 and Cell 5. Additional fill is expected for placement over the 

southern margin of Cell 1 to complete the filling required for the 

upland/shoreline areas. An additional 50-foot thickness of in-water fill is required 

over Cell 5 to bring the final grade to about -20-foot elevation (RI datum). The 

predicted quantity of pore water expelled in each of these cases is very low ( 1 to 

3 percent range) because the sediment has already consolidated under self

weight at this stage. Cell 2, Cell 3, and Cell 4 areas are currently near the target 

-20-foot elevation, and no additional fill is needed in these areas to comply with 

reclamation requirements. 

10.6.7 Fate of Dissolved Mass Released during Disposal 

The range of analytical results from lagoon piezometer sampling and SBLT were 

used to conservatively estimate the concentrations of chemical constituents in 

pore w;:iter released during each Port disposal event. As discussed above, the 

SBLT method simulates longer-term in situ leaching and will, therefore, 
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overestimate chemical constituent concentrations in pore water released from 

sediments falling through the water column and during consolidation. The SBLT 

data, however, are the best available information to estimate the dissolved 

concentrations from dredged sediments. Short-term water quality effects to the 

water column in the vicinity of each disposal location were permitted as part of 

state and federal agency approvals. In Hart Crowser's opinion, mixing of pore 

water with surface waters of the lagoon would have reduced concentrations of 

chemical constituents to below regulatory screening levels for water quality. The 
Port's investigation did not identify any residual impacts or risks to surface 

sediments of the lagoon from this, (or any other) potential pathway. 
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Table 10-1 - Transport Pathways, Technical Studies, and Data Evaluation 
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Releases Due to Containment Cell Performance I I I 

Contaminant Migration in Groundwater 
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Groundwater Transport to Lagoon x x x 
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Groundwater Transport to Willamette River I x x 
Groundwater Transport to Deep Alluvial 
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Groundwater and the Troutdale Aquifer x x I 
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x x x x x i 
' x i x 
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Releases Due to Physical Disturbance 
Human Causes from Mining and Site 
Management: x x x x 

1998 Cell 5 Breach; and Cell 2, Cell 3, and 
Cell 5 Mining Encroachment 

Natural Causes: x x 
Flooding Erosion and 
Earthquake 

Releases Related to Disposal Processes 
Residual Impacts Following Disposal 

Particulate Dispersal beyond Cell Cap x x x x x 

Dissolved Phase Dispersal to Water Column I 
and Cell Pore Water Displacement I x I x 
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Table 10-2 - Risk Evaluation for Contaminant Pathways 

Transport Pathways 

Releases Due to Containment Cell Performance 
Present and Long-Term Groundwater Migration 

Risk Evaluation Method 

--- - - - - ------ ··----- ---·-···------- -·---· ----- -··-·---·--·-------··------------------------------------------------~----

Groundwater Transport to Lagoon Human Health and Ecological Risk Assessment 
_________________ __________ _________________ JS_t,:<:ti()n 11) _________________ _ 

Groundwater Transport t() Willilmette Riv_~r _______________________________ !'l_A ______________________ _ 
_ Groundwater Tran_sport to T!out9al~_A_g[Jifer _ _ __ _!'J_A ______________________ _ 

Releases Due to Physical Disturbance 
Mining and River Erosion Impacts 

1998 Cell 5 Breach 
-- - - ------~----------------------------------

Geotechnical Stability 
(Cell 2, Cell 3, and C::ell 5 Ml_ning Encre>achrn_entL _ 
Flooding Erosion 

Releases Related to Disposal Processes 

-------- __ __9~otec_~ri~c:__al_ s_~ability_,L\_nalxsis _ -- ---- - -

Geotechnical Stability Analysis 

G_eotechnical _S tci~Jlity Analys_i~----

-- ---- -- -----------------------·-·--------------- --------------- ------------------------------------·----·-

Particulate Dispersal beyond Cell Cap Human Health and Ecological Risk Assessment 

-- - ----- - -- ---- ----------------- ----- --------- --------------- __________ _J5_~C:!i£111 __ 1~) ________ , 
Dissolved Phase Dispersal to Water Column Mass Dispersal 
and Cell Pore Water Displacement _____________________________________ Analysis _______ _ 

NA= Not applicable, no complete pathway. 
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Table 10-3 - Statistical Summary of Analytical Results for SBL T leachate Samples Sheet 1 of 2 

Analyte Detection 
I 

Range of Cell with 

Frequency Maximum Maximum 
Concentration Detected 

Detected for Concentration 
Each Cell 

Conventionals in mg/L 
Carbon, Total Organic 35/45 4.8 to 23.8 Cell 4 

Total Suspended Solids 10/45 6 to 18 Cell 5 

Dissolved Metals in µg/L 
Antimony, Dissolved 13/45 1.12 to 11.5 Cell 1 

Arsenic, Dissolved 41/45 10.5 to 62.4 Ce!l 1 

Cadmium, Dissolved 0/45 0.2 U to 0.2 U N/A 

Copper, Dissolved 45/45 8.46 to 53.9 Cell 1 

Lead, Dissolved 36/45 2.6 to 16.8 Cell 2 

Mercury, Dissolved 25/45 0.007 to 0.11 Cell 1 

Nickel, Dissolved 43/45 2.2 L to 4.2 L Cell 3 

Silver, Dissolved 0/45 0.2 U to 0.2 U N/A 
Zinc, Dissolved 44/45 7.2 B to 62.9 Cell 1 

TBT in µg/L 
Di-n-butyltin 10/45 0.07 J to 0.82 Cell 1 
Tetra-n-butyltin 0/45 0.05 U to 0.05 U N/A 
Tri-n-butyltin 29/45 0.15 to 8.4 Cell 1 

n-Butyltin 7/45 0.05 U to 0.2 Cell 1 

LPAHs in µg/L 
2-Methylnaphthalene 28/45 0.2 to 3.3 Cell 1 

Acenaphthene 35/45 0.3 to 4.1 Cell 1 

Acenaphthylene 16/45 0.1 U to 0.2 Cell 3; Cell 5 

Anthracene 20/45 0.1 to0.7 Cell 1 

Fluorene 34/45 0.2 to 3.2 Cell 1 

Naphthalene 34/45 0.6 to 4.3 Cell 1 

Phenanthrene 34/45 0.4 to 5.2 Cell 1 

HPAHs in µg/L 
Benz(a)anthracene 15/45 0.1 U to 0.2 Cell l; Cell 2 

Benzo(a)pyrene 0/45 0.1 U to 0.2 U N/A 
Benzo(b)fluoranthene 0/45 0.1 U to 0.2 U N/A 
Benzo(k)fluoranthene 0/45 0.1 U to 0.2 U N/A 
Benzo(g,h, i)perylene 0/45 0.1 U to 0.2 U N/A 
Chrysene 19/45 0.2 U to 0.2 Cell l; Cell 2 

Dibenz(a,h),rnthracene 0/45 0.1 U to 0.2 U N/A 
Fluoranthene 34/45 0.2 to 1.8 Cell 1 
lndeno(l ,2,3-cd)pyrene 0/45 0.1 U to 0.2 U N/A 
Pyrene 34/45 0.2 to 1.3 Cell 1 

Chlorinated Hydrocarbons 
1,2,4-Trichlorobenzene 0/45 0.1 U to 0.2 U N/A 
H exachlorobenzene 0/45 0.1 U to 0.2 U N/A 
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Table 10-3 - Statistical Summary of Analytical Results for SBLT Leachate Samples Sheet 2 of 2 

Analyte Detection I Range of Cell with 
I Frequency Maximum Maximum 

Concentration Detected 
Detected for Concentration 

Each Cell 

Phthalates in µg/L 
Bis(2-ethylhexyl) Phthalat 3/45 2 U to 4 Cell 2 
Butyl Benzyl Phthalate 6/45 0.1 U to 0.2 B Cell 5 
Di-n-butyl Phthalate 33/45 0.4 to 3.4 Cell 5 
Di-n-octyl Phthalate 1/45 0.1 U to 0.1 Cell 4 
Diethyl Phthalate 40/45 2.2 to 7.7 Cell 5 
Dimethyl Phthalate 32/45 0.1 to 0.5 L Cell 5 

Phenols in µg/L 
214-D i methylph e nol 1/45 0.5 U to 0.7 Cell 1 
2-M ethylphenol 0/45 0.5 U to 1 U N/A 
3- and 4-Methylphenol 12/45 1 to 940 Cell 4 
Pentachlorophenol 0/45 0.5 U to 1.5 U N/A 
Phenol 14/45 10.6 to 340 Cell 4 

Miscellaneous in µg/l 
Benzoic Acid 7/45 6 to 2100 Cell 4 
Benzyl Alcohol 0/45 1 U to 2 U N/A 
Dibenzofuran 20/45 0.3 to 1.8 Cell 1 
H exachlorobutadiene 0/45 0.1 U to 0.2 U N/A 
Hexachloroethane 1 /45 0.1 U to 0.2 Cell 4 
N-N itrosodiphenylamine 7/45 0.1 U to 0.2 Cell l 

Pesticides in µg/L 
4,4'-DDD 0/45 0.01 U to 0.02 U N/A 
4,4'-DDE 0/45 0.01 U to 0.02 U N/A 
41 4'-DDT 0/45 0.01 U to 0.02 U N/A 
Aroclor 1 01 6 0/45 0.1 U to 0.4 U N/A 
Aroclor 1 221 0/45 10.1 U to 0.8 U N/A 
Aroclor 1232 0/45 0.1 U to 0.4 U N/A 
Aroclor 1 242 0/45 0.1 U to 0.4 U N/A 
Aroclor 1248 0/45 0.1 U to 0.4 U N/A 
Aroclor 1254 7/45 0.2 U to 0.53 Cell l 
Aroclor 1260 0/45 0.1 U to 0.4 U N/A 
Total PCBs 7/45 0.2 U to 0.53 Cell l 

Notes: 
U = Not detected at indicated detection limit. 
B = Concentration in sample is less than five times concentration in procedure blank. 
L = Concentration in sample is less than five times concentration in leachant water. 
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Table 10-4 - Partitioning Coefficients Used in Groundwater Transport Model 

Kd in Kd in 

Cell Constituent L/kg Cell Constituent L/kg 

1 Arsenic 34.4 4 Arsenic 17.8 
Copper 9.0 Copper 9.0 
Lead 9.6 Lead 9.6 
Mercury 10.0 Mercury 10.0 
Zinc 6.5 T ri-n-B u tyl tin 330 
Di-n-Butyltin 330 Acenapthene 458 
Tri-n-Butyltin 330 Phenanthrene 1192 
n-Butyltin 330 Benzo( a)Anthracene 5254. 
PCBs 4079 Chrysene 5254 
Acenapthene 458 Flouranthene 2139 
Phenanthrene 1192 Pyrene 2464 
Be11zo( a)Anthracenc 5254 5 Arsenic 30.8 
Chrysene 5254 Cadmium 6.4 
Flouranthene 2139 Copper 11.5 
Pyrcne 2464 Lead 9.0 

2 Arsenic 25.3 Mercury 10.0 
Copper 9 Di-n-butyltin 180 
Lead 9.6 Tri-n-butyltin 180 
n-Butyltin 208 n-Butyltin 180 

Acen..ipthene 288 Acenapthene 250 
Phenanthrene 749 Phenanthrene 650 
Benzo( a)Anthracene 3303 Flouranthene 1167 
Chrysene 3303 Pyrene 1344 
Flouranthene 1345 
Pvre11e 1549 

3 Arsenic 23.2 
Copper 9 
Lead 9.6 
Tri-n-Butyltin 295 
n-Butyltin 295 
Acenapthene 410 
Phen,rnthrene 1065 
Flouranthene 1912 
Pyrene 2203 

Notes: 

See Appendix D-1 for complt'le discussion of Kd derivatives. 
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Table 10-5 - Groundwater Transport Modeling Results Sheet 1 of 2 

Screening Criteria 
Willamette 

EPA Basin 
Human Oregon Surface Water Model Predicted Concentration 

EPA Health Oregon Human Health Concentration for Given Year 
Freshwater Consumption Freshwater Consumption 90th Percentile(3) in ug/L 

Cell Constituent Chronic of Organisms Chronic of Organisms (Dissolved/Total) 2000 2020 2100 3000 

1 Arsenic 150 0.14 190 0.0175 2.3/2.6 <0.001 <0.001 0.001 0.24 

Copper 3 12 <0.001 0.001 0.61 0.67 

Lead 0.46 3.2 2.0/4.0 <0.001 <0.001 0.17 0.11 

Mercury 0.77 0.051 0.012 0.146 <0.001 <0.001 0.002 0.003 

Zinc 29 69000 110 <0.001 0.003 1.04 1.73 

Di·n·Butyltin 0.15 (2) <0.001 <0.001 <0.001 <0.001 

Tri-n·Butyltin 0.15 (2) <0.001 <0.001 <0.001 <0.001 

n·Butyltin 0.15 (2) <0.001 <0.001 <0.001 <0.001 

PCBs 0.014 <0.001 <0.001 <0.001 <0.001 

Acenaphthene 2700 520 <0.001 <0.001 <0.001 0.010 

Phenanthrene <0.001 <0.001 <0.001 <0.001 

Benz(a)Anthracene 0.049 <0.001 <0.001 <0.001 <0.001 

Chrysene 0.049 <0.001 <0.001 <0.001 <0.001 

Flouranthene 370 <0.001 <0.001 <0.001 <0.001 

Pyrene 11000 <0.001 <0.001 <0.001 <0.001 

2 Arsenic 150 0.14 190 0.0175 2.3/2.6 <0.001 <0.001 0.02 2.37 

Copper 3 12 <0.001 0.002 0.24 0.32 

Lead 0.46 3.2 2.0/4.0 <0.001 0.002 0.19 0.09 

n-Butyltin 0.15 (2) <0.001 <0.001 <0.001 0.001 

Acenaphthene 2700 520 <0.001 <0.001 <0.001 0.016 

Phenanthrene <0.001 <0.001 <0.001 <0.001 

Benz(a)Anthracene 0.049 <0.001 <0.001 <0.001 <0.001 

Chrysene 0.049 <0.001 <0.001 <0.001 <0.001 

Flouranthene 370 <0.001 <0.001 <0.001 <0.001 

Pyrene 11000 <0.001 <0.001 <0.001 <0.001 

3 Arsenic 150 0.14 190 0.0175 2.3/2.6 <0.001 <0.001 <0.001 4.87 

Copper 3 12 <0.001 <0.001 0.02 0.56 

lead 0.46 3.2 2.0/4.0 <0.001 <0.001 0.004 0.11 

Tri-n-Butyltin 0.15 (2) <0.001 <0.001 <0.001 <0.001 

n-Butyltin <0.001 <0.001 <0.001 <0.001 

Acenaphthene 2700 520 <0.001 <0.001 <0.001 0.003 

Phenanthrene <0.001 <0.001 <0.001 <0.001 

Flouranthene 370 <0.001 <0.001 <0.001 <0.001 

Pvrene 11000 <0.001 <0.001 <0.001 <0.001 

4 Arsenic 150 0.14 190 0.0175 2.3/2.6 <0.001 <0.001 <0.001 6.35 

Copper 3 12 <0.001 <0.001 <0.001 1.10 

lead 0.46 2.0/4 0 <0.001 <0.001 <0.001 059 

Mercury 0.77 0.051 0.012 0.146 <0.001 <0.001 <0.001 0.010 

Tri-n-Butyltin 0.15 (2) <0.001 <0.001 <0.001 <0.001 

Acenaphthene 2700 520 <0.001 <0.001 <0.001 <0.001 

Phenanthrene <0.001 <0.001 <0.001 <0.001 

Benz( a)Anthr,Kene 0.049 <0.001 <0.001 <0.001 <0.001 

Chrysene 0.049 <0.001 <0.001 <0.001 <0.001 

Flouranthene 370 <0.001 <0.001 <0.001 <0.001 

Pvrene 11000 <0.001 <0.001 <0.001 <0.001 
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Table 10-5 - Groundwater Transport Modeling Results 

Screening Criteria 
Willamette 

EPA Basin 
Human Oregon Surface Water 

EPA Health Oregon Human Health Concentration 
Freshwater Consumption Freshwater Consumption 90th Percentile(3) 

Cell Constituent Chronic of Organisms Chronic of Organisms (Dissolved/Total) 

5 Arsenic (1) 150 0.14 190 0.0175 2.3/2.6 

Cadmium (1) 0.33 1.1 

Copper (1) 3 12 

lead (1) 0.46 2.0/4.0 

Mercury (1) 0.77 0.051 0.012 0.146 

Di-n-butyltin ( 1) 0.15 (2) 

Tri-n-butyltin ( 1) 0.15 (2) 

n-Butyltin ( 1) 0.15 (2) 

Acenaphthene ( 1) 2700 520 

Phenanthrene ( 1) 

Flouranthene ( 1) 370 

Pyrene (1) 11000 

( 1) Estimates of year 2000 concentrations at Cell 5 are at existing mudline. Estimates of future 
concentration are at post-reclamation mudline elevation of -20 feet Ross Island Datum. 

(2) No EPA Freshwater Chronic value. Screening criteria from LCRMA, 1998. 
(3) 90th Percentile concentrations calculated based on data presented by the USGS (1997a). 
< Less than 

Hart Crowser 

Sheet 2 of 2 

Model Predicted Concentration 
for Given Year 

in ug/L 
2000 2020 2100 3000 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 0.003 

<0.001 <0.001 <0.001 0.004 

<0.001 <0.001 <0.001 0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 

<0.001 <0.001 <0.001 <0.001 
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Table 10-6 - Slope Stability Analysis Input Parameters 

Soil Strength Soil Strength 
Submerged Effective Effective Soil Strength 

Assumed Soil Unit Soil Unit Friction Friction Effective 
Soil Unit Weight Used Weight Angle (0) Angle (0) Cohesion 

Soil Description Weight in pd in Model in pd Std. Dev. in Degrees( 1) Std. Dev. in psf 

.~.?.<??.~ .. ?.!!.!Y. .. ?..?.!.~9. .. ~?. .. ?.~.~-~---································································· ............... !.9.?. ................................ ~? ............................. !.Q. ........................... JQ .................................... !... ............................. .9. .............. . 
-~-~-~-i.':!.~ .. .Q~~.?.~ .. ?.i_l_!Y..?..~.~1. .. t?. .. ?.a..~.~ ............................................................ ..!..!.:? ................................ :?.!?. ............................ ~.Q ............................. .?..!. .................................. ..!.. .............................. .Q. .............. . 
?..?.f.~.?..?..~1.Y. .. ?..~~! .. !.'?. .. ?..i.1.! ............................................................................................ !.9..? ................................. ~!?. ............................. ~.? ............................. ?Q .................................... ?. ............................... .Q. .............. . 
0~.g!.':!.~ .. ?..!i.ff..?..?.~~.Y. .. ?.!.1.!Y?. .. ?.!!.~ ...................................................................... ..!.9.?. ................................ ~:?. ............................ ~.? .............................. ~.?. .................................... ?. ............................... .9. .............. . 
-~·~·g·i.':!.~ .. .9.~~.?.~ .. 9.~.?.~.~!!.Y .. ?.a..~.~ .. !?. .. ?.!1.~.9.Y. .. c.:!.~a..Y.~! ................................ ..!..?.?.. ................................ ~? ............................. ~.? ............................ J?. .................................. ..!.. .............................. .9. .............. . 
Dense to Very Dense Gravelly Sand to Sandy Gravel 127 65 15 40 3 0 

Notes: 
Soil strength, soil unit weights, and standard deviations are based on engineering estimates as discussed in text. 
( 1) Interpreted from soil type and density data including blow counts during drilling. 
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Table 10-7 - Slope Stability Analysis Results Summary 

Stability Seismicl2l Static131 

Analysis Staticl 1
) Stability Factor(s) 

Cross Section Location Stability Issue Issue of Safety 

AA-AA' Cell S No Likely limited to 1.5 

surficial sloughing 

BB-BB' Cell S Yes Yes ~ 1.1 

(confining soils) 

CC-CC' Cells 3 and 1 Yes Yes ~ 1.2 

DD-DD' Cell 4 Yes Yes ~ 1.2 

EE-EE' Cell 2 Yes Yes ~ 1.2 

FF-FF' Dike Limited to Surficial Likely limited to 1.3 

Sloughing surficial sloughing 

11 l Based on limit equilibrium stability modeling given our assumptions of soil strength and layer 

geometry. 
121 Based on qualitative analysis test cases in which arbitrary magnitudes of ground acceleration 

were input into the analysis to observe effect on Factor of Safety. 
131 Refer to Figures 10-8 through 10-1 2 for zones of potential instability reflecting the range in 

Factors of Safety calculated. 

Refer to text for discussion of Factors of Safety. 
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11.0 BASELINE HUMAN HEAL TH AND ECOLOGICAL RISK ASSESSMENT 

Hart Crowser 
)·5792-07 

Human health and ecological risk assessments were conducted by Hart Crowser 

at Ross Island Lagoon to evaluate the potential risks to human health and the 

environment from current and reasonably likely future exposures to Port 

confined dredged material in Ross Island Lagoon. The human health and 

ecological risk assessments were completed in accordance with the protocols 

presented in the agency-approved Final Work Plan and Addendum that guided 

the Port's site investigation. The risk assessments completed as part of this site 

investigation were specifically limited to evaluating risks associated with 

potential exposure to the Port of Portland dredged materials. Therefore, these 

risk assessments do not assess all of the potential contaminant sources nor 

exposure pathways within Ross Island Lagoon related to possible non-Port 

sources. The assessment of potential risks associated with exposure to non-Port 

sources is planned to be conducted during Phase II of the RIS&G site-wide 

investigation. 

Sections 11.2 and 11.3 of the risk assessment comprise the "Problem 

Formulation" step that establishes the goals, breadth, and focus of the 

assessment. During this step, receptors are identified, potential exposure 

pathways evaluated, and assessment endpoints are established. Through 

"Problem Formulation," the questions and issues addressed in the risk 

assessments are defined based on identifiable potentially complete exposure 

pathways and ecological/human health effects. This problem formulation step is 

generally not conducted as part of baseline human health risk assessments but 

was conducted for this site investigation in response to comments by DEQ 

during the preparation of the Final Work Plan. 

Following issuance of the Draft Site Investigation Report on July 20, 2000, DEQ 

and the TAP raised a number of issues related to potential bioaccumulation risks 

in Ross Island Lagoon. Although Hart Crowser concluded that the Port dredged 

material did not pose a risk for bioaccumulation over the vast majority of the 

area of the lagoon, a focused, conservative bioaccumulation modeling study was 

completed for a 0.6-acre area near disposal Cell 3. Port dredged material 

dispersed in the latter area during disposal in 1998 could potentially remain near 

the current lagoon mudline, promoting concerns about sediment quality. 

Findings of the bioaccumulation study are summarized below, with additional 

detail regarding the methodology and input parameters presented in Appendix I. 
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11. 1 Key Conclusions 

Hart Crowser 
J-5792·07 

The key conclusions regarding the potential for current and likely future 

ecological and human health risks associated with two potential contaminant 

migration pathways: 

~ Potential groundwater transport from the containment cells; and 

~ Dispersal of particulates during placement for the Port's dredged material. 

These pathways are summarized below and additional details are presented in 

Section 10.0. 

Potential Groundwater Transport from the Containment Cells-Human Health 

Risk Assessment Summary. The current and post-reclamation risks to human 

receptors were evaluated for this transport pathway. The predicted 

concentrations of Port-related chemical constituents reaching surface sediments 

and surface waters of Ross Island Lagoon were calculated using groundwater 

flow and contaminant transport modeling. As detailed in Section 10.0, 

groundwater flow modeling was performed using the USGS MODFLOW code 

(McDonald and Harbaugh, 1988). Contaminant transport modeling was 

performed using the EPA MT3D code (Zheng and Wang, 1998 and Zheng, 

1990). The concentrations of Port-related chemical constituents reaching 

surface waters of Ross Island Lagoon were compared against EPA ambient water 

quality criteria (AWQC, EPA, 1999) for the consumption of organisms. For 

arsenic, concentrations were compared against EPA Region 6 alternative AWQC 

for the consumption of organisms (EPA, 2000). In addition, predicted 

constituent concentrations were compared against regional background levels 

for metals calculated for the Willamette River watershed using data collected by 

DEQ and USGS (USGS, 1997a). The predicted concentrations of Port-related 

chemical constituents reaching surface waters of Ross Island Lagoon were below 

risk-based screening criteria and regional background levels. Therefore, Hart 

Crowser concluded that there is no potential for unacceptable human health 

risks, now or in the future, from this transport pathway. 

Potential Groundwater Transport from the Containment Cells-Ecological Risk 

Assessment Summary. The current and post-reclamation risks to ecological 

receptors were evaluated for this transport pathway. The predicted 

concentrations of Port-related chemical constituents reaching surface sediments 

and surface waters of Ross Island Lagoon were calculated using groundwater 

flow and contaminant transport modeling. The predicted concentrations of Port

related chemical constituents reaching surface sediments were calculated using 

available site-specific or literature-derived solid/water partitioning coefficients 
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(Kds). The concentrations of Port-related chemical constituents reaching surface 

sediments and surface waters of Ross Island Lagoon were then compared 

against AWQC (EPA, 1999) and three sediment quality screening criteria: 

.,. Environment Canada PELs (Environment Canada, 1994); 

.,. State of Washington Freshwater Sediment Quality Values (FSQVs, Ecology, 

1997); and 

.,. LCRMA values (1998). 

The applicability of the sediment screening criteria is discussed in Section 6.0. In 

addition, the predicted concentrations for metals in surface water were 

compared against regional background levels for metals calculated for the 

Willamette River watershed using data collected by DEQ and USGS (USGS, 

1997a). The predicted concentrations of Port-related chemical constituents 

reaching surface waters of Ross Island Lagoon were below risk-based screening 

criteria and regional background levels (representative of the applicable 

regulatory screening criteria). The predicted concentrations of Port-related 

chemical constituents reaching surface sediments of Ross Island Lagoon were 

below all sediment screening criteria. Therefore, Hart Crowser concluded that 

there is no potential for unacceptable ecological risks, now or in the future, from 

this transport pathway. 

Dispersal of Particulates during Placement-Human Health Risk Assessment 
Summary. Industrial workers and recreational users of Ross Island Lagoon were 

evaluated for potential human health risks associated with exposure to Port

related chemical constituents dispersed during placement of Port dredged 

material in containment cells. There were no complete exposure pathways 

identified to industrial workers at the RIS&G facility, and therefore, no 

unacceptable risks are present currently or in the future to industrial workers. 

Based on results of STFATE modeling and analysis of pre- and post-disposal 

bathymetry presented in Section 10.6, there is only one limited area near 

disposal Cell 3 where Port dredged material may pose a potential risk for the 

recreational fishing exposure pathway. The STFATE and bathymetric evaluations 

identified this area as the only area within the lagoon that could contain residual 

Port-related constituents in surface sediments from the dispersal of particulates 

during placement. This area encompasses approximately 0.6 acre and includes 

surface sediment sample HC-SS 16 (Figure 11-2). A low concentration (11 ug/kg) 

of PCB Aroclor 1254 was detected in sample HC-SS-16. 

At the request of DEQ, the modeled concentration of PCBs in fish tissue were 

compared against draft human health Target Tissue Level (TIL) for PCBs 

developed to be protective of subsistence fishermen in the Portland Harbor. 
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The predicted concentration of Aroclor 1254 in fish tissue exceeded the 

subsistence use draft human health TTL. However, because of the substantial 

uncertainties present in determining exposure parameters (e.g., frequency and 

duration of fishing activities, fish consumption rates) for the recreational fishing 

scenario under both current and projected future use conditions, Hart Crowser 

questions the validity of the use of this draft human health-based TTL for 

evaluating the recreational fishing scenario within Ross Island Lagoon. Hart 

Crowser does not believe that this approach can be used to make any 

prediction that there is or is not the potential for human health risks from 

ingestion of recreationally caught fish from within Ross Island Lagoon. 

It is Hart Crowser's opinion that based on the weight of evidence of 

investigation results and comparison with risk-based PCB sediment cleanup 

levels developed for recreational fishing exposure scenarios at other freshwater 

sites in the United States (EPA, 1998c), there are no current or future human 

health risks from exposure to fish tissue within Ross Island Lagoon. 

Dispersal of Particulates during Placement-Ecological Risk Assessment 
Summary. Potential exposure pathways evaluated for ecological receptors 

included direct contact with surface sediments and potential exposure via the 

bioaccumulation pathway. As concluded for the human health risk assessment 

above, only the limited, 0.6-acre area identified on Figure 11-2 met the criteria 

for evaluation of ecological risks. As for the human health risk assessment, 

Aroclor 1254 was the constituent of potential concern (COPC). Bioassay testing 

of this sediment sample indicated that this sample failed bioassay interpretive 

criteria and this area is unsuitable for benthic organisms. However, the high pH 

and high levels of ammonia present in the sediments in this location likely 

influenced the results of the sediment bioassays. The ecological risks identified 

for this area of the lagoon could not be linked to Port contaminants and were, in 

Hart Crowser's opinion, likely caused by local physical conditions. 

Although Aroclor 1254 was detected in surface sediment sample HC-SS 16, Hart 

Crowser concluded that there is no potential for unacceptable ecological risks to 

benthic organisms, fish, and mammalian and avian predators associated with 

uptake and bioaccumulation of COPCs in the area near this sample. This 

conclusion is based on results of the focused bioaccumulation modeling 

summarized further below and detailed in Appendix I. 

11.2 Introduction 

Hart Crowser 
J-5792-07 

The objective of the risk assessments is to provide an evaluation of risks for 

complete exposure pathways present at Ross Island for Port confined dredged 

material. The risk assessments presented in this site investigation do not provide 

November 30, 2000 Page 11-4 

L WG-PCI0090603 



Hart Crowser 
)·5792·07 

a comprehensive evaluation of total risks present in and adjacent to the lagoon. 

The assessment of risks associated with these exposure pathways and potential 

contributions from non-Port materials are planned as part of the site-wide 

investigation being completed by RIS&G. 

Assessment endpoints for risk assessment analysis are identified for both the 

current and future site uses at Ross Island. Assessment endpoints establish the 

direction and boundaries of the risk assessment and are explicit expressions of 

the environmental and public health values to be protected. The future 

exposure scenario that is considered for these risk assessments is the post

reclamation condition following the planned completion of in-water and upland 

filling by RIS&G. The 2020 completion date for reclamation filling was identified 

in the previous version of RIS&G's Removal and Fill Permit (RF-26) but was 

recently extended to 2025 based on revisions to the Removal and Fill Permit 

reissued by DSL on May 2, 2000. The extent of planned lagoon filling described 

in the reissued permit remains the same as in previous versions, however, and 

results of the transport pathway analyses used in Hart Crowser's risk evaluation 

remains valid for the 2025 completion date. 

Preliminary assessment endpoints and risk hypotheses for the human health and 

ecological risk assessments were provided in the agency-approved Final Work 

Plan. These preliminary assessment endpoints were segregated into those 

applicable to the Ross Island Lagoon and those applicable to the adjacent 

Willamette River (including Holgate Slough). The preliminary assessment 

endpoints and risk hypotheses have been re-evaluated based on the information 

and data collected as part of the site investigation. The most significant change 

that has occurred was there are no identified transport pathways present for the 

migration of historically disposed of Port dredged material out of Ross Island 

Lagoon to the Willamette River (including Holgate Slough). Therefore, 

assessment endpoint, risk hypotheses, and measures related to potential 

contaminant exposure in the Willamette River have been removed. The 

updated assessment endpoints, risk hypothesis, and measures are presented in 

Section 11.3. 

To complete the risk assessments, the assessment endpoints were combined 

with risk hypotheses (connection between stressor, exposure, and assessment 

endpoints) and measures (quantitative measures of biological response, 

contaminant concentration or transport, and ecological characteristics). These 

assessment endpoints, risk hypotheses, and measures form the framework for 

the human health and ecological risk assessments. 
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11.2.1 Potential for Contaminant Transport 

To evaluate the environmental and public health risks associated with exposure 

to the Port's historical disposals; the transport mechanism that exists to mobilize 

Port-related chemical constituents to environmental media is presented. This is 

done to develop the conceptual framework for establishing potential exposure 

pathways to Port-related chemical constituents. 

As discussed in Section 10.0, there are two transport pathways that form the 

basis of the exposure assessment. The first pathway includes potential transport 

of chemical constituents in groundwater migrating upward through containment 

cells to the surface waters of the lagoon. Contaminant transport analyses were 

performed to predict concentrations of Port-related chemical constituents in 

groundwater at the surface water interface of the lagoon under current 

conditions, following completion of site reclamation, and for the future post

reclamation condition (2100). 

The second pathway includes the dispersion of particulate material beyond the 

cell capping boundaries during placement of Port dredged material. This 

pathway was modeled using the Corps STFATE computer program. The post

disposal lagoon bathymetry was then analyzed to identify locations where the 

residual particulates occur near enough to the present lagoon mudline to 

potentially affect current and future environmental conditions. This analysis is 

presented in Section 10.6 of this report. 

For the purpose of quantifying risks associated with exposure to Port-related 

chemical constituents, these two transport pathways were evaluated separately. 

Contaminant transport analyses were completed to evaluate risks associated 

with potential current and long-term transport of chemical constituents via 

groundwater migrating from the lagoon containment cells. The risk exposure 

pathways that have been identified as potentially complete include exposure to 

surface sediments and surface waters of Ross Island Lagoon. For the exposure 

pathways related to contact and exposure to surface water, the most relevant 

transport pathway was migration of groundwater through the disposal cells. The 

predicted concentrations of Port-related chemical constituents in groundwater at 

the sediment/surface water interface were used to evaluate risks to benthic 

organism and water column species. 

To evaluate risks under reasonably likely future conditions, the groundwater fate 

and transport modeling was used to predict pore water concentrations of Port

related chemical constituents under future post-reclamation conditions, defined 

as the year 2020. Additionally, predicted constituent concentrations in 
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groundwater in the year 2100 were provided to evaluate potential transport and 

risks associated with exposures far into the future. The use of fate and transport 

models to estimate surface water concentrations of constituents for risk 

assessment purposes is consistent with EPA risk assessment guidance (EPA, 

1989). 

Potential exposures to benthic organisms, under both current and likely future 

conditions, were evaluated by assessing predicted pore water concentrations of 

constituents and the predicted surface sediment concentrations that were 

calculated using available site-specific or literature-derived solid/water 

partitioning coefficients (Kds). The use of partitioning relationships to predict 

concentrations of constituents in environmental media for which analytical 

results are unavailable is consistent with EPA risk assessment guidance (EPA, 

1989). The rationale for the Kd values used for the groundwater transport 

pathway evaluation is discussed in Section 10.4 and Appendix D-1. The 

predicted concentrations of Port-related constituents in the sediment water 

interface pore water were used to evaluate water column exposures using the 

conservative assumption that actual surface water concentrations will be similar 

to model predictions. Two key factors are the low groundwater flow into the 

lagoon observed from the flux chamber sampling results (see Section 8.0), and 

attenuation processes, such as mixing with clean overlying water, that will 

significantly reduce concentrations of modeled constituents before exposure to 

water column organisms will occur. Therefore, the methodology that was used 

in this risk assessment to estimate potential surface water exposures predict 

higher future concentrations than would actually be present in the lagoon. 

For particulates dispersed during placement of Port dredged materials, the only 

exposure pathway to ecological receptors identified as potentially complete 

includes exposure to surface sediments of Ross Island Lagoon. Any water 

quality impacts potentially associated with disposal are expected to be short

term in nature and, in our opinion, do not present a concern for current or 

future water quality in Ross Island Lagoon. For evaluating the exposure 

pathways and risk hypotheses related to sediment exposure, the surface 

sediment chemistry data collected during the site investigation were used along 

with the results of the STFATE modeling to identify those sediment samples that 

may contain chemical constituents from the original disposal events. 

The results of the STFATE and analysis of sediment bathymetry used to make this 

determination are presented in Section 10.6. The 1998 Terminal 4 Berth 

410/411 disposal in Cell 3 and Cell 4 was determined to be the only event 

where dispersed particulates could reside close enough to the present mudline 

to be of potential concern. Additionally, the area that may have been impacted 

by this disposal event is very small (approximately 0.6 acre) and is located near 
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Cell 3 (Figure 11-2). This area coincides with only one surface sediment sample, 

HC-SS 16. Therefore, the detected concentration of Port-related CO PCs in 

sample HC-SS 16 was included as the estimated concentration of constituents in 

this area for the evaluation of risks due to contact or exposure with surficial 

sediment. 

11.2.2 Ecological and Human Receptor Characterization 

An ecological survey and a beneficial land and water use survey were 

conducted by Landau Associates to quantify the ecological and human receptors 

present within Ross Island Lagoon. The results of these surveys were 

summarized in Section 9.0 of this report and were used to complete the 

exposure pathway evaluation presented in the following section of this risk 

assessment. 

The ecological survey identified ecological receptors present in both the 

sediments and water column of Ross Island Lagoon. However, the reported 

abundances of aquatic organisms present within the southern portions of Ross 

Island Lagoon were very low and correspond to the poor habitat quality in the 

nearshore areas of the lagoon. The habitat quality of the nearshore areas of the 

lagoon was evaluated by Landau using the methodology provided in EPA's 

"Revisions to Rapid Bioassessment Protocols for Use in Streams and Rivers: 

Periphyton, Benthic Macroinvertebrates, and Fish" (EPA, 1997). This information 

was provided in Landau ecological survey presented in Appendix E-1 of this Site 

Investigation Report (Landau, 2000b). 

11.2.3 Exposure Pathway Evaluation 

This exposure pathway evaluation was conducted to provide a framework for 

performing site-specific human health and ecological risk assessments by 

identifying exposure pathways to be considered. The completeness of these 

exposure pathways was confirmed during the additional data gathering activities 

completed at this site. 

The preliminary exposure pathway model was based on the preliminary 

conceptual site model developed in the Final Work Plan for Ross Island Lagoon. 

In developing the preliminary exposure pathway model for the Port confined 

dredged material, the potential contamination source that was initially 

considered was the confined disposal area in which the Port's dredged material 

were disposed of. The potential pathways that were considered to mobilize 

contaminants from the disposal area were transport via groundwater and 

dispersal of particulates during placement of Port dredged material. 
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When the Final Work Plan was developed, very limited information was 

available to describe the physical/chemical characteristics of Ross Island Lagoon. 

The preliminary exposure pathway model presented in the work plan had 

assumed that the lagoon was thermally stratified (Hart Crowser, 1999a). 

Therefore, the exposure pathways were segregated within the lagoon to identify 

three distinct regions within the water column and two regions for sediment. 

The information collected within the lagoon during the completion of this site 

investigation indicates that the lagoon surface waters were well mixed and that 

the surface sediment samples evaluated for these risk assessments were limited 

to the shallow reaches of the lagoon. Therefore, the water column and 

sediments were no longer separated into different regions in the final exposure 

pathway model. 

The completeness of potential exposure pathways was then evaluated based on 

existing site information. To be considered complete, an exposure pathway 

must have: (1) an identified source of contaminants related to the Port's original 

disposal activities; (2) a release/transport mechanism from the source; and (3) an 

exposure route or pathway where contact with a human or ecological receptor 

can occur. An exposure pathway was considered complete when these three 

criteria were met. 

Human Health Exposure Pathway Model 

A final human health exposure pathway model was developed for this site and is 

presented on Figure 11-1. This model illustrates the conceptual understanding of 

the contaminant sources, releases, and potential exposure pathways and 

receptors, and was based on the findings of this site investigation and the 

beneficial water use survey completed by Landau (2000d and Appendix E-4). 

Two populations of human receptors have been identified on the site: industrial 

workers and recreational users of the Ross Island Lagoon. Ingestion of fish that 

have taken up contaminants from surface water was identified as a potentially 

complete exposure pathway for recreational users. No complete exposure 

pathways for industrial workers to become exposed to surface waters were 

identified. For surficial sediments, no direct contact exposure pathways were 

considered complete. Ingestion of fish that have taken up contaminants from 

nearshore sediments was identified as a potentially complete exposure pathway 

for recreational users. 

These were the only human health exposure pathways that have been 

determined as being potentially complete in Ross Island Lagoon. 
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Ecological Exposure Pathway Model 

A final ecological exposure pathway model has been developed for this site and 

is presented on Figure 11-1. This model illustrates the conceptual understanding 

of the contaminant sources, releases, and potential exposure pathways and 

receptors, and is based on the findings of this site investigation and the 

ecological receptor survey completed by Landau (2000b and Appendix E-1 ). 

Two separate classes of ecological receptors were considered in developing the 

exposure pathway model, aquatic receptors and terrestrial receptors. 

Aquatic Receptors. For surface water, the identified potentially complete 

exposure pathway for aquatic receptors were direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For surface sediments, ingestion, direct contact, and the ingestion of 

plants/animals that have taken up contaminants were identified as potential 

exposure pathways for these receptors. 

Terrestrial Receptors. For surface water, the identified potentially complete 

exposure pathway for terrestrial receptors are direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For sediments, ingestion and direct contact have been identified as a 

potentially complete exposure pathway for these receptors. No exposure 

pathways were determined to be complete for exposure to surface soils at Ross 

Island Lagoon. 

11.3 Assessment Endpoints for Ross Island Site Investigation 

Hart Crowser 
J-5792-07 

The following are the assessment endpoints that have been established for this 

risk assessment. Assessment endpoints establish the direction and boundaries of 

the risk assessment and are explicit expressions of the environmental and public 

health values to be protected (EPA, 1992 and 1998b). Assessment endpoints 

also assist in identifying the measurable attributes to be quantified in the risk 

assessment. 

Assessment endpoints are combined with risk hypothesis (connection between 

stressor, exposure, and assessment endpoints) and measures (quantitative 

measures of biological response, contaminant concentration or transport, and 

ecological characteristics) to establish the scope for completing the risk 

assessment (EPA, 1998b). 
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The assessment endpoints selected for the future use scenario are defined here 

as post-reclamation condition at Ross Island. Site reclamation is anticipated to 

involve extensive lagoon filling to address reclamation requirements, consistent 

with applicable regulatory approvals. However, post-reclamation use of the Ross 

Island site has not been established. Hart Crowser has evaluated potential future 

risks based on industrial and recreational uses of the lagoon, but not for 

unanticipated future uses. 

The assessment endpoints selected for Ross Island Lagoon reflect the 

environmental and public health values to be protected and conform to the 

acceptable risk levels defined under OAR 340-122. The assessment endpoints 

include the survival and reproductive success for a variety of functional groups 

present in the lagoon, including both aquatic and terrestrial species. Assessment 

endpoints are also provided for assessing risks to the two populations of human 

receptors identified to be present in and around the lagoon. These are the 

industrial workers at the RIS&G facility and recreational users of the lagoon and 

adjacent areas. 

The assessment endpoints selected for Ross Island Lagoon were revised during 

development of the investigation work plan based on comments received from 

DEQ (letter of August 11, 1999) and comments received from TAP members. 

Changes made to the assessment endpoints included revisions to the assessment 

endpoints for primary and secondary consumers within Ross Island Lagoon. 

Assessment Endpoints for Ross Island Lagoon under Current and 
Future Use Scenarios 

1. Survival and reproductive success of primary producers in sediment and the 

water column (algae and macrophytes). 

2. Survival and reproductive success of primary consumers in sediment and 

water column (benthic and aquatic invertebrates). 

3. Survival and reproductive success of secondary consumers within Ross 

Island Lagoon (warm water fish species). 

4. Survival and reproductive success of individual aquatic species of concern 

(steelhead and chinook salmon). 

5. Survival and reproductive success of terrestrial primary producers 

(cottonwoods and grasses). 
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6. Survival and reproductive success of avian terrestrial secondary consumers 

(waterfowl and fish-eating birds). 

7. Survival and reproductive success of mammalian terrestrial secondary 

consumers (carnivorous and omnivorous mammals). 

8. Survival and reproductive success of individual terrestrial species of concern 

(Great Blue Heron). 

9. Carcinogenic and non-carcinogenic risks to human occupational users. 

10. Carcinogenic and non-carcinogenic risks to human recreational users. 

11.3.1 Risk Hypotheses and Measures 

Risk hypotheses are specific assumptions about potential risk to assessment 

endpoints. They are formulated using combinations of professional judgment 

and available information on the ecosystem and human receptors at risk. As 

such, risk hypotheses represent relationships in the conceptual site model. 

Measures are used to evaluate the assumptions of the risk hypotheses and are 

considered a critical component of the risk characterization phase of ecological 

and human health risk assessments (EPA, 1998b). Measures of exposure are 

measures of stressor existence and movement in the environment and their 

contact or co-occurrence with the assessment endpoint. For the purposes of 

these risk assessments, the measures of exposure that were performed are 

analogous to a risk-based screening step. Measures of effect are measurable 

changes in an attribute of an assessment endpoint or its surrogate in response to 

a stressor. The measures of effect were only implemented for those exposure 

pathways determined to be complete. 

The risk hypothesis and measures, which were initially proposed in the work 

plan, are summarized b€1ow along with supplemental information collected 

during this site investigation. Information is presented as to how the risk 

hypothesis currently applies and what measures were undertaken to complete 

the evaluations of human health and environmental risks. 

Direct Contact to Benthos and Macrophytes (Assessment Endpoints 
1 and 2) 

Benthic organisms and macrophytes may be potentially exposed to Port-related 

chemical constituents in surface sediment by direct contact and ingestion (for 

benthic organisms) of surface sediment within the biologically active zone. The 
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ecological survey documented the presence of benthic organisms in the lagoon 

samples. However, the survey indicated no evidence for the presence of 

macrophytes within Ross Island Lagoon. Therefore, this evaluation was limited 

to assessing potential risks to only benthic organisms via this exposure pathway. 

Measures of Exposure. To evaluate direct contact to benthos, the concentration 

of Port-related chemical constituents in surface sediment were compared against 

regulatory screening criteria for freshwater sediment. If the concentration of 

constituents exceeded any of the screening criteria, the sediment sample was 

included in the set of samples evaluated under the measure of effect presented 

below. The following freshwater screening criteria were used for this measure: 

Iii>- Environment Canada PELs (Environment Canada, 1994); 

Iii>- State of Washington FSQVs (Ecology, 1997); and 

Iii>- LCRMA (1998). 

These sediment quality guidelines were selected because currently neither DEQ 

nor EPA has developed sediment quality criteria for assessing sediment quality. 

These three sediment quality guidelines represent either regional freshwater 

sediment screening levels (LCRMA and Washington State FSQV), or are national 

freshwater sediment quality guidelines (Environment Canada PELs). The 

rationale for the selection of each of the sediment quality screening levels are 

provided in Section 6.4. 

Measures of Effect. Samples that exceeded screening criteria were evaluated 

for direct effects on benthic organisms using the following sediment toxicity 

tests: 

Iii>- 10-Day Amphipod Survival Test (Hya/e/la azteca); and 

Iii>- 10-Day Midge Survival and Growth Test (Chironomus ten tans). 

The freshwater sediment bioassay tests selected for use in this Site Investigation 

were selected from a very limited set of established freshwater sediment 

bioassays available (EPA, 2000a). These bioassays were selected because they 

have established interpretive criteria (LCRMA, 1988) and have been used for 

previous sediment bioassay testing within the Willamette River (Hart Crowser, 

1999c and 2000). The use of these specific sediment bioassays was discussed 

with DEQ and the TAP during development of the investigation work plan. 
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Direct Contact to Fish and Algae (Assessment Endpoints 1, 3, and 4) 

Fish and algae observed within Ross Island Lagoon may be potentially exposed 

to Port-related chemical constituents in surface water that have solubilized and 

migrated and entered the water column. 

Measures of Exposure. To evaluate direct surface water contact to fish and 

algae, the predicted concentration of Port-related chemical constituents in 

surface waters were compared against freshwater AWQC (EPA, 1999). 

Measures of Effect. No constituents were predicted to be in surface water at 

concentrations exceeding the corresponding AWQC. Therefore, no additional 

measures of effect were implemented for these assessment endpoints. 

Direct Contact to Nearshore Plants (Assessment Endpoint 5) 

This risk hypothesis was initially proposed because nearshore plants within Ross 

Island Lagoon may be potentially exposed to Port-related chemical constituents 

that have been transported to nearshore sediments. However, the results of the 

fate and transport analysis have identified no transport mechanisms that could 

result in the migration of Port chemical constituents to upland areas that would 

result in the exposure of nearshore plants. This exposure pathway was 

considered incomplete, and no further analysis of this exposure pathway was 

conducted. 

Food Chain Transfer and Exposure to Aquatic Secondary Consumers 
(Assessment Endpoint 3) 

Fish within Ross Island Lagoon may be potentially exposed to Port-related 

bioaccumulative chemical constituents via ingestion of food items that have 

taken up constituents from the water column or sediment. However, based on 

the results of the groundwater flow modeling, Hart Crowser determined that 

there were no bioaccumulative compounds predicted to be present currently or 

in the future in either surface sediments or surface waters of the lagoon via the 

groundwater transport pathway. Additionally, the results of the STFATE disposal 

modeling and bathymetric analysis determined that only a very small area 

(approximately 0.6 acre) located by sample HC-SS 16 could contain any Port

related constituents dispersed during the placement of dredged material in the 

containment cells. This area is identified on Figure 11-2. 

A focused, conservative, screening level evaluation of potential ecological risks 

from the bioaccumulation exposure pathway was conducted and is included in 

Appendix I of this report. This evaluation included a model that predicted fish 
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tissue concentrations of bioaccumulative COPCs from exposure to the surface 

sediments from the area adjacent to surface sediment sample HC-SS 16. This 

predicted tissue concentration was compared against tissue toxicity levels {TILs) 

developed to link tissue residue levels to potential toxic effects. The TILs 

represent whole body, wet weight tissue residues of chemicals that if not 

exceeded, pose no risk of causing adverse toxicological or ecological harm to 

aquatic biota. TILs for this evaluation were selected from values provided in a 

recently completed database that links tissue residue levels to potential toxic 

effects (Jarvinen and Ankley, 1999). The details and results of this evaluation are 

provided in Appendix I. 

This evaluation concluded that there is no potential for unacceptable ecological 

risks now or in the future from the bioaccumulative exposure pathway for 

secondary aquatic consumers. 

Food Chain Transfer and Exposure to Piscivorous Mammals and Birds 
(Assessment Endpoint 7 and 8) 

Piscivorous mammals and birds may be potentially exposed to Port-related 

chemical constituents via food items that have been taken up from the water 

column or sediment. However, based on the results of the groundwater flow 

modeling and contaminant transport modeling, Hart Crowser determined that 

there were no bioaccumulative compounds predicted to be present currently or 

in the future in either surface sediments or surface waters of the lagoon via the 

groundwater transport pathway. Additionally, the results of the STFATE disposal 

modeling and bathymetric analysis determined that only a very small area 

located by sample HC-SS 16 could contain any Port-related constituents 

dispersed during the placement of dredged material in the containment cells. 

This area is identified on Figure 11-2. 

As discussed for aquatic secondary consumers above, a focused, conservative, 

screening level bioaccumulation study was also completed for exposure to 

piscivorous mammals and birds. For this evaluation, a bioaccumulation model 

was developed to estimate daily intakes (EDI) of bioaccumulative COPCs to 

indicator species that are representative of piscivorous/omnivorous terrestrial 

species found at Ross Island Lagoon. Specific mammalian and avian species 

were used as surrogate species for a range of species likely to be exposed to 

site-related COPCs. The following species were selected as indicator species for 

this bioaccumulation evaluation: 

~ The Great Blue Heron (Ardea herodias) was selected as the avian omnivore 

indicator species; 
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.,.. The American Bald Eagle (Haliaeetus leucocepha/us) was selected as the 

avian piscivore indicator species; and 

.,.. The raccoon (Procyon lotor) was selected as the mammalian omnivore 

indicator species. 

The EDI for each indicator species was compared against toxicity reference 

values {TRVs) to estimate potential risks. Additional details are provided in 

Appendix I. This evaluation concluded that there is no potential for 

unacceptable ecological risks now or in the future from the bioaccumulative 

exposure pathway for the indicator species. 

Dermal Contact to Human Receptors (Assessment Endpoint 9 and 10) 

Industrial and recreational users of Ross Island Lagoon may be potentially 

exposed to sediment and surface water containing Port-related chemical 

constituents. Based on the human use survey, no complete exposure pathways 

have been identified for industrial workers. Additionally, no complete exposure 

pathways are present for direct contact to sediment for recreational users. The 

only pathway that remains is dermal contact to water. As discussed in Section 

8.0, surface water concentrations of organic compounds were non-detect and 

the detected concentrations of metals were similar within and outside of the 

lagoon. There was no evidence that any constituents were present at elevated 

concentrations. No additional analysis of this pathway was conducted. 

Food Chain Transfer and Exposure to Human Receptors (Assessment 
Endpoint 10) 

Recreational fishers may be potentially exposed to Port-related bioaccumulative 

chemical constituents via fish that have been taken up from the water column 

and/or surface sediments. However, based on the results of the groundwater 

modeling and contaminant transport modeling, Hart Crowser determined that 

there were no bioaccumulative compounds predicted to be present currently or 

in the future in either surface sediments or surface waters of the lagoon via the 

groundwater transport pathway. Additionally, the results of the STFATE disposal 

modeling and bathymetric analysis determined that only a very small area 

located by sample HC-SS 16 could contain any Port-related constituents 

dispersed during the placement of dredged material in the containment cells. 

This area is identified on Figure 11-2. 

At the request of DEQ, the modeled concentration of PCBs in fish tissue were 

compared against draft human health Target Tissue Level (TTL) for PCBs 

developed to be protective of subsistence fishermen in the Portland Harbor. 
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The predicted concentration of Aroclor 1254 in fish tissue did exceed the 

subsistence use draft human health TIL. However, because of the substantial 

uncertainties present in determining exposure parameters (e.g., frequency and 

duration of fishing activities, fish consumption rates) for the recreational fishing 

scenario under both current and future use conditions, Hart Crowser questions 

the validity of the use of this draft human health-based TIL for evaluating the 

recreational fishing scenario within Ross Island Lagoon. Hart Crowser does not 

believe that this approach can be used to make any prediction that there is or is 

not the potential for human health risks from ingestion of recreationally caught 

fish from within Ross Island Lagoon. 

It is Hart Crowser's opinion that based on the weight of evidence of 

investigation results and comparison with risk-based PCB sediment cleanup 

levels developed for recreational fishing exposure scenarios at other freshwater 

sites in the United States (EPA, 1998c), there are no current or future human 

health risks from exposure to fish tissue within Ross Island Lagoon. Additional 

details of this evaluation and discussion of the uncertainty associated with the 

quantification of human health risks from recreational fishing in Ross Island 

Lagoon is provided in Appendix I. 

11.4 Human Health Risk Assessment 

Hart Crowser 
J-5792-07 

The following sections present the results of the human health risk assessment 

conducted for this site investigation. The human health risk assessment has been 

divided into separate sections to separately evaluate the two potential transport 

pathways that have been identified for this risk assessment. As presented in 

Section 11.2, the exposure point concentrations for evaluating risk associated 

with the potential transport of constituents via groundwater from the 

containment cells were based on the modeled concentrations of constituents in 

groundwater at the sediment-water interface above the containment cells (which 

is conservatively used as a surrogate for surface water concentrations in the 

lagoon) and surface sediments of the Ross Island Lagoon under current 

conditions and post-reclamation conditions in year 2020. The exposure point 

concentrations for evaluating risk associated with the dispersal of particulates 

associated with disposal processes were based on the measured concentrations 

of constituents in surface sediments of the Ross Island Lagoon. 

11.4.1 Risk Associated with Potential Groundwater Transport from the 
Containment Cells 

The Exposure Pathway Evaluation (Section 11.2.3) identified the following 

exposure pathways as potentially complete to human receptors at Ross Island 

Lagoon. 
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..,. Dermal contact to surface waters during recreational use of Ross Island 

Lagoon; and 

..,. Ingestion of fish that have taken up contaminants for recreational users of 

Ross Island Lagoon. 

Measure of Exposure (Selection of Human Health COPCs) 

Human health COPCs were selected as the measure of exposure for this 

exposure pathway. COPCs were selected by screening the predicted 

groundwater concentrations at the sediment/surface water interface, and surface 

sediment concentrations based on the groundwater fate and transport modeling 

under current and post-reclamation conditions. The predicted sediment/water 

interface groundwater concentrations were screened against EPA Freshwater 

AWQC for fish consumption and for ecological endpoints and against regional 

background levels for metals. Table 11-1 presents the predicted pore water 

concentrations of constituents migrating in groundwater under current and post

reclamation conditions. Additionally, the predicted concentrations in the year 

2100 are also presented. The regional background values for metals in surface 

waters were based on the 90% UCL of twenty-five surface water samples 

collected from the Willamette River watershed (USGS, 1997a). 

Under current and post-reclamation conditions (year 2020 and beyond), there 

are no compounds predicted to be exceeding corresponding risk-based 

screening levels. Over a very long time period (on the order of 1,000 years), 

Cell 3 and Cell 4 have predicted concentrations of arsenic in sediment-surface 

water interface that exceed regional Willamette River background levels but 

were below the human health AWQC for fish consumption (EPA, 2000). The 

predicted concentrations of other potentially bioaccumulative compounds 

(mercury, TBT, lipophilic organic compounds) were at concentrations less than 

0.001 ug/L, which were below detection limits and any levels of concern. 

Therefore, there were no human health COPCs identified for this pathway for 

surface waters. 

For arsenic, the human health criterion for fish consumption used is the 

recommended criterion from EPA Region 6 (EPA, 2000). The rationale for the 

use of this alternative human health fish consumption criterion is presented 

below. 

The predicted surface sediment concentrations were presented in Table 11-2. 

The predicted concentrations of constituents are below sediment quality 

screening criteria, and the predicted concentrations of other potentially 
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bioaccumulative compounds (mercury, TBT, lipophilic organic compounds) are 

at concentrations less than 0.001 ug/kg that were below any levels of concern. 

Therefore, there were no human health COPCs identified for this pathway for 

surface sediments. 

No COPCs were identified for the transport pathway related to containment cell 

performance under current and post-reclamation conditions. There is no 

potential for unacceptable human health risk associated with exposure to Port

related chemical constituents for this pathway. 

Alternative Arsenic Human Health Criterion for Fish Consumption 

The human health freshwater AWQC for fish consumption that was used in this 

risk assessment is the EPA Region 6 recommended criterion. The rationale for 

the use of this criterion is summarized below and the EPA Region 6 Interim 

Strategy on which this criterion was based was included in Appendix E of this 

report (EPA, 2000). An alternative risk-based human health freshwater AWQC 

for fish consumption was identified because the regional background level for 

arsenic in the Willamette River watershed of 2.0 ug/L (Table 11-1) exceeds the 

national EPA criterion of 0.14 ug/L (EPA, 1999). 

Arsenic may exist in both an organic and inorganic form, either in the trivalent or 

pentavalent state. The inorganic forms are more toxic than organic forms. 

Arsenic usually occurs in water as inorganic oxides in the pentavalent form. 

Trivalent forms of arsenic (both inorganic and organic) are more toxic to humans 

and aquatic organisms and are usually only present under anaerobic conditions 

(EPA, 2000). 

The EPA Office of Water has established criteria for arsenic under the Clean 

Water Act (CWA). A water quality criterion for arsenic related to fish 

consumption was established at 0.14 ug/L in 1992 using the current 

methodology for developing A WQC for human health. These A WQC represent 

a 1 x 1 o·6 cancer risk level for arsenic exposure. The following equation was 

used to develop human health criteria for fish consumption under the CWA: 

Criterion in mg/L = 

where: 

RFx BW 

SF x BCF x FC 

RF = risk factor (dimensionless); 

BW = body weight in kg; 

SF = cancer slope factor in (mg/kg-day)"1
; 
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BCF = bioconcentration factor; and 

FC =fish consumption rate in kg/day. 

Bioconcentration Factor. The bioconcentration factor (BCF) used by EPA to 

develop the AWQC is presented in the Ambient Water Quality Criteria for 

Arsenic (EPA, 1980). This BCF was calculated from the geometric mean of two 

species. Data from the eastern oyster (BCF = 350, 112 day test) and bluegill 

(BCF = 4, 28 day test) resulted in a BCF for arsenic of 44. The criteria document 

also stated that a BCF of 0 was obtained from tests with rainbow trout. The data 

for the rainbow trout were not used in the calculation of BCF. The use by the 

EPA of the eastern oyster data overestimates the health risks associated with 

freshwater finfish consumption. This is because bottom-feeding invertebrates, 

such as the eastern oyster, tend to accumulate more arsenic in their soft tissues 

than do fish (Sadiq, 1992). Additionally, marine organisms, such as the eastern 

oyster, bioaccumulate several fold more arsenic than do freshwater biota 

(Lunde, 1977). 

The BCF from the bluegill test was obtained from whole body measurements. 

BCFs for the edible portions of the fish, muscle tissues, have been shown to be 

lower than whole body measurements (Stephan, 1993 and Azcue and Dixon, 

1994). The draft version of the Great Lakes Initiative recommended a BCF for 

arsenic of 1.0 (Stephan, 1993). Currently, EPA Region 6 recommends the use of 

the Great Lakes Initiative recommended BCF for calculating the freshwater 

AWQC Human Health Criterion for Fish Consumption (EPA, 2000). 

Inorganic Arsenic and Organic Arsenic. Arsenic may be present in surface 

water as inorganic or organic compounds. Fish tissue also contains inorganic 

and organic forms of arsenic. The inorganic forms of arsenic are much more 

toxic than the organic forms (ATSDR, 1993). EPA Region 6 (EPA, 2000) presents 

the results of several studies that have measured inorganic versus organic forms 

of arsenic in freshwater fish. Reported percentages of inorganic forms of arsenic 

ranged from 0.1 to 29 percent of total arsenic (EPA, 2000). Additionally, there is 

no evidence to indicate that demethylation of arsenic, which transforms organic 

forms to inorganic forms, occur in animals (Edmonds and Francesconi, 1993 

reported in EPA, 2000). Currently, EPA Region 6 recommends a conservative 

estimate of 30 percent inorganic arsenic be used in the calculation of the human 

health A WQC. 

Revised AWQC Human Health Criterion. Based on the above information, the 

human health AWQC can be recalculated using the following formula: 

Criterion in mg/L RFx BW 

SF x BCF x FC x I 
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where: 

RF= risk factor (dimensionless) = 10-6
; 

BW = body weight= 70 kg; 

SF= cancer slope factor= 1.75 (mg/kg-day)-1
; 

BCF = bioconcentration factor.= 1.0; 

FC =fish consumption rate= 0.0065 kg/day; and 

I = percent of total arsenic in fish tissue that is inorganic = 0.30. 

The revised criterion recommended by EPA Region 6 is 0.0205 mg/l or 

20.5 ug/L total arsenic. 

Hart Crowser selected the EPA Region 6 arsenic criterion for use in the Port's 

site investigation at Ross Island because it is endorsed by this EPA Region and 

has undergone regulatory peer review. Hart Crowser contacted staff from EPA 

Region 10 (Ms. Sally Brough) and DEQ (Mr. Bruce Stirling) to determine whether 

these agencies had used the EPA Region 6 arsenic criterion for specific sites or 

cases. Although Ms. Brough indicated that EPA Region 10 is aware of EPA 

Region 6's alternative criterion, she was not aware of a specific project for which 

this criterion has been used in the northwest. Ms. Brough stated that EPA 

Region 10 is willing to recognize alternative water quality criterion as long as the 

rationale is well-documented. At DEQ, Mr. Stirling indicated that DEQ 

recognizes issues with naturally occurring background levels of arsenic in the 

northwest that exceed A WQC. Further, Mr. Stirling indicated that DEQ is willing 

to recognize alternative criterion from EPA Region 6. 

11.4.2 Risk Associated with Dispersal of Particulates during Disposal 

The Exposure Pathway Evaluation (Section 11.2.3) identified the following 

exposure pathway as the only potentially complete to human receptors at Ross 

Island Lagoon. 

Ill- Ingestion of fish that have taken up contaminants for recreational users of 

Ross Island Lagoon. 

Measure of Exposure (Selection of Human Health COPCs) 

To be selected as human health COPCs for this measure of exposure, the 

contaminants must meet the following criteria; detected concentrations of 

chemical constituents originated from confined Port dredged material and the 

concentration exceeded applicable risk-based screening levels. 
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Surface sediment COPCs for the fish ingestion pathway were evaluated in 

accordance with the measure for exposure established in Section 11.3 for this 

exposure pathway. The risk-based screening of surface sediment sample 

HC-SS 16 is presented in Table 11-3. For sample HC-SS 16, only Arocl or 1254 

was detected above any of the screening criteria, and no constituents had 

detection limits above screening levels. PCBs were identified as potential 

bioaccumulative COPCs for Port-related material and were identified as a 

surface sediment COPC for this exposure pathway. 

Exposure Assessment for Surface Sediment 

The measure of exposure identified PCBs (specifically Aroclor 1254) as a COPC 

in sediment sample HC-SS 16 that was being evaluated for this exposure 

pathway. However, there was only a small portion of the Ross Island Lagoon 

that Hart Crowser determined to meet the criteria for inclusion in this human 

health risk analysis (approximately 0.6 acre in surface area). This location 

corresponds to the area near Cell 3 and surface sediment sample HC-SS16 

(Figure 11-2). 

The relative concentrations of Aroclor 1254 in Ross Island Lagoon and 

information on the warm water fishery and the nature of the aquatic organisms 

involved in this exposure pathway are provided below. While Aroclor 1254 was 

identified as a bioaccumulative compound for surface sediment samples, this 

COPC was infrequently detected ln surface sediment samples collected within 

the lagoon (4 of 62 samples) and was detected at low concentrations when 

present. The upperbound estimate of the arithmetic mean (90% UCL) 

concentration of Aroclor 1254 in the lagoon is 8.49 ug/kg, which is below the 

most conservative SQG used as screening criteria of 21 ug/kg. Therefore, the 

estimated mean concentration of the bioaccumulative COPC in Ross Island 

Lagoon surface sediments were well below risk-based screening levels. 

The recreational fishing exposure pathway involves the uptake of 

bioaccumulative compounds from sediment by benthic organisms that are 

subsequently consumed by secondary predators (e.g., bass) in the water column. 

These fish are potentially caught and eaten by recreational fishermen; however, 

there are currently considerable uncertainties present in quantitating risks 

associated with this exposure pathway. Sheriff Kevin Platt with the Multnomah 

County river patrol indicated, in a telephone conversation with the Port, that he 

very rarely observes recreational fishing in Ross Island Lagoon, though 

recreational fishing occurs in Holgate Slough on a daily basis in the summer 

months. Sheriff Platt has been assigned to the river patrol for the past four years. 

Furthermore, Mr. Joseph Kaufman of the Willamette River Keepers reported to 
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the Port that recreational fishing occurs in the lagoon very infrequently but the 

level of use has not been quantitated. 

The proportion of fish caught in Ross Island Lagoon that are kept and consumed 

rather than released is unknown. There is very limited fisheries exploitation 

information available for this area; however, a survey conducted in 1996 of the 

smallmouth bass fishery in the Lower Willamette and Columbia Rivers (Daily, 

1997) reported that anglers only kept 12 percent of Smallmouth bass caught. In 

addition, recreational fishing that occurs in the lower Willamette River is a 

combination of resident and anadromous fisheries. Anadromous fish species 

(salmon and shad) spend only a limited amount of time in Ross Island Lagoon 

and are not feeding and, therefore, would not be expected to accumulate 

COPCs from local sediment. 

At the request of DEQ, the modeled concentration of PCBs in fish tissue were 

compared against draft human health Target Tissue Level (TIL) for PCBs 

developed to be protective of subsistence fishermen in the Portland Harbor. 

The predicted concentration of Aroclor 1254 in fish tissue did exceed the 

subsistence use draft human health TIL. However, because of the substantial 

uncertainties present in determining exposure parameters (e.g., frequency and 

duration of fishing activities, fish consumption rates) for the recreational fishing 

scenario under both current and future use conditions, Hart Crowser questions 

the validity of the use of this draft human health-based TIL for evaluating the 

recreational fishing scenario within Ross Island Lagoon. Hart Crowser does not 

believe that this approach can be used to make any prediction that there is or is 

not the potential for human health risks from ingestion of recreationally caught 

fish from within Ross Island Lagoon. Additional details of this evaluation and 

discussion of the uncertainty associated with the quantification of human health 

risks from recreational fishing in Ross Island Lagoon is provided in Appendix I 

Finally, the detected concentration of Aroclor 1254 in the area of concern was 

compared against risk-based PCB sediment cleanup goals (CUGs) developed for 

recreational fishing exposure scenarios. EPA Region 5 has developed CUGs for 

PCBs at the Manistique and Saginaw Rivers in Michigan based on a recreational 

fishing exposure scenario and an acceptable risk level of 1 x 10-6 (EPA, 1998c). 

For the Saginaw River, the CUG for PCBs was 0.06 mg/kg and for the 

Manistique River, the CUG was 1.0 mg/kg. The difference in calculated CUGs 

results from differences in site-specific BSAFs for PCBs developed for these two 

river systems. The detected concentration of PCBs in the area of concern is 

0.011 mg/kg, which is six times less than the Saginaw River CUG and one 

hundred times less than CUG for the Manistique River. While Hart Crowser is 

not suggesting that these CUGs be used at Ross Island Lagoon, it does show 

that the low concentration of Aroclor 1254 detected within the area of concern 
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is much less than sediment concentrations of PCBs associated with unacceptable 

human health risks from a recreational fishing exposure scenario from other 

freshwater sites in the US. 

Risk Characterization. Hart Crowser believes there is no current human health 

risks from exposure to fish tissue for the following reasons: 

ll> Only a limited 0.6-acre surface area of the lagoon near Cell 3 that is 

predicated to contain any Port-related COPCs; 

ll> The concentration of Aroclor 1254 detected within this area was relatively 

low (11 ug/kg) and below risk-based PCB sediment cleanup levels 

developed for recreational fishing exposure at other freshwater sites in the 

United States; and 

ll> Recreational fishing currently occurring within the southern portions of the 

lagoon is very limited. 

Additionally, even under a future use scenario that increases the incidence of 

recreational fishing within the lagoon, Hart Crowser does not believe that the 

Port COPCs present within the limited area of concern (approximately 2 percent 

of total nearshore area within the lagoon) could contribute significantly to the 

overall body burdens of bioaccumulative COPCs in fish tissue. Therefore, 

bioaccumulative COPCs would not contribute to any incremental human health 

risk that would be predicted from the ingestion of this fish tissue. 

11.5 Ecological Risk Assessment 

Hart Crowser 

J-5792-07 

The following sections present the results of the ecological risk assessment 

conducted for this site investigation. Similar to the human health risk 

assessment, this ecological risk assessment has been divided into separate 

sections to evaluate the two transport mechanisms that have been identified for 

this risk assessment. As presented in Section 11.2, the exposure point 

concentrations for evaluating risk associated with the potential groundwater 

transport of constituents from the containment cells were based on the modeled 

concentrations of constituents in groundwater at the sediment/surface water 

interface above the containment cells and surface sediments of the Ross Island 

Lagoon under current and post-reclamation conditions. The exposure point 

concentrations for evaluating risk associated with the dispersal of particulates 

during placement of Port dredged material were based on the measured 

concentrations of constituents in surface sediments of Ross Island Lagoon. 
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11.5.1 Risk Associated with Potential Groundwater Transport from the 
Containment Cells 

The Exposure Pathway Evaluation (Section 11.2.3) identified the following 

exposure pathways as potentially complete to aquatic and terrestrial receptors at 

Ross Island Lagoon. 

Aquatic Receptors. For surface water, the identified potentially complete 

exposure pathway for aquatic receptors were direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For surface sediments, ingestion, direct contact, and the ingestion of 

plants/animals that have taken up contaminants were identified as potential 

exposure pathways for these receptors. 

Terrestrial Receptors. For surface water, the identified potentially complete 

exposure pathway for terrestrial receptors were direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For sediments, ingestion and direct contact have been identified as a 

potentially complete exposure pathway for these receptors. No exposure 

pathways were determined to be complete for exposure to surface soils at Ross 

Island Lagoon. 

Measure of Exposure (Selection of Ecological COPCs) 

COPCs for this transport pathway were evaluated by a conservative risk-based 

screening of predicted surface water and surface sediment concentrations for 

each disposal cell. These predictions were made for the current, post

reclamation (i.e., year 2020 for the purposes of the risk assessment), and year 

2100 conditions. The purpose of selecting COPCs was to identify those 

compounds that were present as a result of the Port's confined dredged 

sediment disposals and were most likely a concern to the environment. It 

should be noted that the identification of COPCs does not indicate an 

unacceptable risk or threat exists because of the presence of the compound or 

that remediation of a specific environmental media is required. 

For surface waters, the predicted concentrations of interstitial water at the 

sediment/surface water interface under current and post-reclamation conditions 

were compared to EPA and DEQ AWQC to address the measures of exposure 

related to the assessment endpoints presented in Section 11.3. These predicted 

concentrations and screening criteria are presented in Table 11-1. Predicted 

concentrations of chemical constituents under current and post-reclamation 
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conditions were below AWQC and regional background levels. Therefore, there 

were no ecological COPCs for the surface water exposure pathways and risk 

hypothesis presented. There was no current or future risk to ecological 

receptors based on surface water exposures for the long-term release transport 

pathway. 

For surface sediments, the predicted concentrations of chemical constituents in 

surface sediments under current and post-reclamation conditions were 

compared against applicable regulatory screening criteria. The predicted 

concentrations of chemical constituents were below corresponding screening 

criteria. Therefore, there were no ecological COPCs selected for surface 

sediments and there were no current or future risks to ecological receptors 

based on predicted surface sediment exposures for the long-term release 

transport pathway. 

11.5.2 Risk Associated with Particulate Dispersal during Disposal 

The exposure pathway evaluation (Section 11.2.3) identified the following 

exposure pathways as potentially complete to aquatic and terrestrial receptors at 

Ross Island Lagoon. 

Aquatic Receptors. For surface water, the identified potentially complete 

exposure pathway for aquatic receptors were direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For surface sediments, ingestion, direct contact, and the ingestion of 

plants/animals that have taken up contaminants were identified as potential 

exposure pathways for these receptors. 

Terrestrial Receptors. For surface water, the identified potentially complete 

exposure pathway for terrestrial receptors were direct contact and ingestion. 

Ingestion of plants/animals that have taken up contaminants from surface water 

was also identified as a potentially complete exposure pathway for these 

receptors. For sediments, ingestion and direct contact have been identified as a 

potentially complete exposure pathway for these receptors. No exposure 

pathways were determined to be complete for exposure to surface soils at Ross 

Island Lagoon. 

Measure of Exposure (Selection of Ecological COPCs) 

COPCs for the ecological risk assessment were selected based on a conservative 

risk-based screening of field analytical data. The purpose of selecting CO PCs 

was to identify those compounds that were present as a result of the placement 
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of Port dredged materials, and were most likely a concern to the environment. It 

should be noted that the identification of COPCs does not indicate that an 

unacceptable risk or threat exists because of the presence of the compound or 

that remediation of a specific environmental media is required. 

For surface sediments, only sample HC-S516 met the requirements for further 

evaluation in this ecological risk assessment (Section 10.6). The analytical results 

of this surface sediment samples were screened against the applicable regulatory 

criteria to identify ecological CO PCs for surface sediment (Table 11-3 ). Aroclor 

1254 was the only constituent detected in sample HC-5516 above screening 

values with an enrichment ratio of 1.5. The enrichment ratio is the ratio of the 

detected concentration of the COPC divided by the screening value. 

The sediment quality of sample HC-5S 16 was determined to be relatively good 

based on a single exceedence of sediment quality screening levels used to 

evaluate potential ecological risks. As a comparison, sample analysis results 

would be adequate for designating sediment in this area as suitable for open 

water disposal based on LCRMA screening criteria. This is based on the 

conclusion of no potential ecological risks from this material. 

Measures of Effect 

In accordance with the measures identified for this risk hypothesis (Section 

11.3.1 ), sediment bioassay testing was conducted on HC-S516 to evaluate the 

direct contact exposure pathway to benthic organisms. The bioassay tests and 

interpretive criteria for these tests were presented in an earlier section of this 

report. Based on the interpretive criteria, this sample was determined to have 

failed bioassay testing. Test sample HC-S516 failed the one-hit criteria for the 

midge survival bioassay. This result indicates that this small area of the lagoon 

was unsuitable for benthic organisms. 

However, the cause of the toxicity observed in this bioassay sample is uncertain. 

The COPC identified for this sediment sample is Aroclor 1254 (PCBs). PCBs are 

generally a concern from a bioaccumulation standpoint and are not known to be 

acutely toxic at the concentration observed in this sample (NOAA, 1990). In 

addition, ammonia and pH appear to be non-contaminant-related confounding 

factors that are influencing the observed toxicity in three of the four sediment 

samples that have been determined to have failed sediment bioassay testing 

within Ross Island Lagoon. The fourth sample (HC-SS16) contained a pH of 8.3, 

higher than the pH of 8.0 measured in surface waters in this part of the lagoon. 

Ammonia is recognized as an important, non-contaminant-related confounding 

factor in sediment bioassays (Ankley et al., 1990). In water, ammonia exists 
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primarily in two forms, unionized ammonia (NH 3 ) and ammonium ion (NH 4 ), 

which are in equilibrium with each other (EPA, 1998d). Unionized ammonia is 

much more toxic than the ammonium ion and the proportion of unionized 

ammonia increases with increasing pH (EPA, 1998d). It has been demonstrated 

that increases in pH increase the toxicity of ammonia in freshwater sediment 

bioassays and that this effect has been shown in the species used in this bioassay 

testing program (Schubauer-Berigan et al., 1995 and Lasier and Winger, 1998). 

Ammonia may be generated in freshwater sediments by natural processes such 

as the natural degradation of nitrogen-containing organic compounds by 

microbes and can accumulate to high concentrations under anaerobic 

conditions (Ankley et al., 1990). The debris that has been observed in the 

nearshore areas in the southern portion of Ross Island Lagoon may be the 

source of this nitrogen-containing organic material. 

The presence of both ammonia and high pH in interstitial waters of test 

sediments greatly complicates the interpretation of results of sediment toxicity 

tests (Ankley et al., 1990). These potentially confounding factors add uncertainty 

to the interpretation of these sediment bioassay results as the responses 

observed in these may be strongly influenced by ammonia toxicity exacerbated 

by high pH. 

There were three sediment samples (HC-SS 16, HC-SS20, and HC-SS22) 

submitted for bioassay testing by Hart Crowser from the southeastern portion of 

the lagoon (Section 6.0). These three samples were determined to have failed 

bioassay testing even though they contained a limited number of constituents 

that exceeded screening criteria. Samples HC-SS20 and HC-SS22 had elevated 

ammonia and pH in interstitial water. As discussed above, sample HC-SS 16 had 

pH exceeding the pH of the lagoon surface waters in the location of this sample. 

Samples HC-SS22 and HC-SS20 had high pH and ammonia levels in the 

interstitial water in the test sediments (NAS, 2000). The bioassay testing report 

indicates that total ammonia as NH 3N of 6 mg/Land a pH of 9.7 for HC-SS20 

and total ammonia as NH3N of 13 mg/land a pH of 10.2 for HC-SS20. The 

total unionized ammonia (NH 3 ) was calculated using a equation provided in 

EPA's 1998 Update of the Ambient Water Quality Criteria for Ammonia (EPA, 

1998). The equations used are as follows: 

pK = 0.09018 + 2729.92 

273.2 + T 
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where: 

pK = -log10K; 

K = Equilibrium constant; and 

T =Temperature in °C of interstitial water. 

fNH3 = _1_ 
1 + 10pK·pH 

where: 

fNH3 = Fraction unionized ammonia; 

pK = -log10K; and 

pH = Measured pH in interstitial water. 

The calculated levels of unionized ammonia in samples HC-5522 and HC-5520 

were 11.53 and 4.27 mg/L, respectively. While the current EPA and A5TM 

guidances do not provide control criteria for freshwater sediment toxicity tests, 

application limits for marine/estuarine amphipods range from < 0.4 mg/L 

unionized ammonia for Ampe/isca abdita and Rhepoxynius abronius and< 0.8 

mg/L unionized ammonia for Eohaustorius estarius and Leptocheirus plumu/osus 
(EPA, 1994c). These application limits are used to identify situations where 

excessive ammonia is present in test sediments for bioassay testing and can 

trigger methods to purge ammonia from test sediments prior to test initiation. 

The levels of unionized ammonia present in Ross Island Lagoon test sediments 

greatly exceed these application limits. 

In addition, a sediment sample (HC-5526) run for bioassay analysis by Landau 

Associates that only had one constituent (benzyl alcohol) above 5QG exhibited 

the highest toxicity of the surface sediment samples tested in Ross Island Lagoon 

(Landau, 2000f). This sample caused 100 percent mortality for Chrinomus 
ten tans and 86 percent mortality for Hyale//a azteca. This sediment also had the 

highest pH (10.3) and levels of total ammonia (16.0 mg/L) measured in 

interstitial water of the bioassay samples. The response and characteristics of 

this test sediment sample are entirely consistent with the conclusion that non

contaminant confounding factors are responsible for the toxicity observed in the 

surfaces sediments of Ross Island Lagoon. 

The bench area in the southeastern portion of the lagoon is heavily disturbed 

and contains concrete, metal, and other debris, and offers very poor habitat 

quality to aquatic ecological receptors present in this area. While the exact 

source of ammonia is unknown, the debris present provides a source of organic 

matter for decomposition by microbes. The source of the high pH in interstitial 

water is unknown; however, the pH measured in MW-02A (measured 1 /11 /00) 

was at a pH of 9.61 and may represent a local alkaline groundwater condition. 
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This well is screened in fill containing concrete debris and lime typical of wash

out slurry from cement and concrete processing. MW-02 is located just above 

the bench area that contains HC-SS22, HC-SS20, and HC-SS16. This "bench" 

area may be affected by local physical/chemical characteristics, including high 

pH and elevated ammonia, which makes it unsuitable for benthic organisms 

rather than the presence of Port-related chemical constituents. Therefore, while 

test sediments were determined to have failed interpretive criteria, Hart Crowser 

believes that non-contaminant-related confounding factors are the cause of the 

observed toxicity. 

For evaluating ecological risks associated with the bioaccumulative exposure 

pathways, the area of the lagoon that met the criteria for inclusion in this 

ecological risk assessment was very limited. As previously discussed above, this 

area was limited to the area located near Cell 3 and includes surface sediment 

sample HC-SS 16. A focused, conservative screening level evaluation of potential 

ecological risks associated with the bioaccumulation of hydrophobic organic 

compounds originating from the Port's confined dredged material was 

completed and is included in Appendix I. The study predicted uptake of 

bioaccumulative compounds from sediment to benthic invertebrates and fish, 

and was completed to address DEQ and TAP concerns following review of the 

July 20, 2000, Draft Site Investigation Report. The approach for 

bioaccum1.:1lation modeling was described in an October 19, 2000, work plan 

and approved by DEQ in an October 30, 2000, conference call. Potential 

toxicity from unacceptable accumulation of COPCs in benthos and fish tissue 

was evaluated in addition to potential toxicity to avian and mammalian predators 

of these organisms. The study used readily available toxicity and biota-sediment 

accumulation factors from the literature 

Risk Characterization. For the sediment samples evaluated for this exposure 

pathway, one COPC (Arocf or 1254) was identified. Sediment toxicity testing 

was conducted as a measure of effects. While the sediment samples failed 

interpretive criteria, there was considerable uncertainty as to the cause of the 

toxicity observed as high pH and ammonia levels were observed in interstitial 

waters. 

The evaluation of potential ecological risks associated with the bioaccumulation 

exposure pathway concluded that no potential for unacceptable ecological risks 

to fish and invertebrates from accumulating bioaccumulative COPCs within their 

own tissues. Additionally, the food chain exposure model to indicator 

mammalian and avian species indicates no potential unacceptable risks to these 

receptors even under the most conservative and unlikely exposure scenarios. 
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It is important to fully specify the assumptions and uncertainties inherent in the 

risk assessment to place the risk estimates in proper perspective. For this risk 

assessments, the general sources of uncertainty that were addressed include: 

.,. Sample Collection and Analysis; 

.,. Exposure and Modeling Uncertainties; and 

.,. Sediment Bioassay Testing. 

Sample Collection and Analysis. The identification of the type and number of 

environmental samples, sampling procedures, and sample analysis each contain 

components that contribute to uncertainties in the risk assessment. For this site 

investigation, decisions were made to select a subset of the potential sampling 

locations and media based upon the anticipated presence of chemical 

constituents. These decisions were made with the use of historical and 

background information of the site and the potential contaminants' chemical 

and physical properties. Exposure point concentrations used in risk analysis for 

this site that were based on non-random, or biased, sampling strategies will 

overestimate actual exposures and over predict risk. 

Errors may occur during sampling activities. Examples of errors include the use 

of contaminated sampling equipment or effectiveness of the sampling device in 

the collection of a discrete and representative sample. To minimize the 

uncertainties associated with the above sources of error and uncertainty, this site 

investigation developed and followed a project-specific Quality Assurance 

Project Plan (QAPP) presented with the Final Work Plan (Hart Crowser, 1999a). 

The QAPP provides specific procedures designed to assure the quality of the 

environmental data collected as part of this site investigation. By conducting this 

Site Investigation in accordance with the provisions of the QAPP, Hart Crowser 

has assured that the uncertainty associated with sampling activities are low and 

did not affect the results of the risk assessment. 

All project analytical data also underwent data validation QA/QC and Hart 

Crowser review of data validation results. Data validation summaries are 

presented in Section 6.0 (surface sediments), Section 7.0 (subsurface sediments), 

Section 8.0 (surface water and groundwater), and Section 10.0 (laboratory 

leaching testing). Hart Crowser's complete data validation review is presented 

in Appendix A of Volume II of this Site Investigation report. Except as qualified, 

data were deemed acceptable for use based on the data quality objectives of 

the QAPP and Final Work Plan. The qualified data added no uncertainty to Hart 

Crows er' s project conclusions. 
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Exposure and Modeling Uncertainties. The risks to human health and the 

environment from potential groundwater transport from containment cells were 

based upon the results of groundwater fate and transport modeling. There were 

uncertainties associated with the model inputs and results of the groundwater 

modeling to predict exposure point concentrations. 

Groundwater flow modeling was performed using the USGS MODFLOW code. 

Key MODFLOW input parameters include groundwater elevation data, 

groundwater flow rates, and hydraulic conductivities of the hydrogeologic units. 

Contaminant transport modeling was performed using the EPA MTJD code. In 

addition to the physical and hydraulic parameters used in the groundwater flow 

model, input parameters for the transport analysis include partitioning 

coefficients (Kd values), dispersivity, and chemical concentrations. Descriptions 

of the MODFLOW and MT3D are presented in Section 10.0. 

There are uncertainties in the model results based on how accurately the 

selected input parameters reflect actual physical and chemical conditions along 

the transport pathway. Rather than directly evaluate model uncertainty, Hart 

Crowser instead made assumptions in selecting the input parameters that 

represented the most conservative parameters representative of the conditions 

being modeled, as discussed in Section 10.0. Hart Crowser also performed a 

sensitivity analyses (Appendix D) to evaluate the effects of some of these 

conservative assumptions. These analyses showed that the effects of these 

conservative input parameter assumptions result in lower predicted travel time 

and increase predicted discharge concentration to the lagoon, relative to less 

conservative assumptions. As a result of this conservatism, the model likely 

overestimates exposures and will result in an over prediction of potential risk 

and hazards. 

The risks to human health and the environment from the dispersal of particulates 

during placement of Port dredged material were based upon the results of the 

STFA TE computer model, a module of the Automated Dredging and Disposal 

Alternatives Management System (ADDAMS) developed by the Corps. There 

are uncertainties associated with the model inputs and results of this model to 

predict exposure point concentrations. STFATE modeling was performed to 

predict the distribution of particulates released to the water column in the Ross 

Island Lagoon during Port disposal operations. Results of this modeling were 

used to provide estimates of disposal material impacts for the human health and 

ecological risk assessments. 

Input parameters used for the STFATE model are presented in the Evaluation of 

Dredge Material Proposed for Discharge in Waters of the U.S. - Testing Manual 

(also known as The Inland Testing Manual) (EPA and Corps, 1998). Key 
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parameters include disposal and capping area dimensions and depth, ambient 

water column conditions, disposal method and discharge characteristics, and 

dredged material physical properties. 

Uncertainties in the STFA TE model results are based on accuracy of the input 

parameters such as site conditions, disposal operations, and dredged material 

characteristics during each of the disposal events. Parameters with greater 

uncertainty, as identified in Section 10.6, include tremie tube disposal depth, 

lagoon current velocity, and the lateral extent of the capping boundaries. For 

each of these parameters, conservative assumptions were made based on best 

of Hart Crowser's interpretation of the available data, and resulted in a larger 

disposal area footprint for silt/clay distribution. As a result of this conservatism, 

the model likely overestimates the footprint of the dredge material disposal. The 

use of conservative assumptions likely resulted in an over prediction of potential 

risk and hazards. 

In addition to uncertainties described above, the suitability of using the STFATE 

model to evaluate tremie tube disposals in Cell 3 and Cell 4 has some level of 

uncertainty because the model was created for split-hull and multiple-bin hopper 

discharges. Currently there are no agency-approved models available to 

evaluate tremie tube placement of disposal material. Modified input parameters 

for a split-hull barge were used to simulate disposal using a tremie tube as 

described in Section 10.3 and Appendix D. This will result in a generally higher 

level of uncertainty for results from the tremie tube disposals relative to split-hull 

barge disposals. Use of modified input parameters to predict tremie tube 

placement will likely overestimate the particulate dispersal area during 

placement. 

Sediment Bioassay Testing. The ecological risks associated with direct contact 

to surface sediments were evaluated using sediment toxicity testing. There was 

uncertainty associated with the relationship between observed responses in the 

sediment bioassays and the observed chemical constituents detected in the test 

sediments. 

As discussed in detail in Section 11.0, four of the test sediments that were used 

for bioassay analysis contained elevated levels of ammonia and/or high pH in 

interstitial water. These are recognized as important non-contaminant-related 

confounding factors that add uncertainty to bioassay interpretation and these 

were the four samples that failed interpretive criteria. Therefore, there is 

considerable uncertainty to the cause of the observed toxicity in the bioassay 

samples that were determined to have failed bioassay analysis. It is Hart 

Crowser's opinion that the toxicity observed in the sediment bioassay samples is 

related to local environmental conditions resulting in elevated pH and ammonia 
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rather than the constituents detected in the test samples. The use of these 

sediment bioassay results to evaluate ecological risk associated with chemical 

constituent exposures will overestimate ecological risks. As discussed in Section 

12.0, Hart Crowser recommends that the sediment bioassay failures be further 

evaluated in RIS&G area-wide investigation. Our conclusion that the dispersed 

Port dredged material was not the cause of the observed bioassay failures is 

unaffected by the identified uncertainties. 

F:\Docs\jobs\579207\Final_SitelnvestRpt\Section_ l 1(Final)\Section11 (final). doc 

November 30, 2000 Page 11-34 

L WG-PCI0090633 



Table 11-1 - Predicted Interstitial Water Concentrations for the Groundwater Transport Pathway Sheet 1 of 5 

Screening Criteria in µg/L Willamette 
EPA Oregon River 

EPA Human Health Oregon Human Health Regional Model Predicted Concentration for Given Year 

Freshwater Consumption Freshwater Consumption Background in µg/L 

Cell Constituent Chronic of Organisms Chronic of Organisms Levels in µg/L 2000 2020 2100 

1 Arsenic 150 20.5 (1) 190 -- 2 <0.001 <0.001 0.001 

Copper 3 -- 12 -- 7.4 <0.001 0.001 0.61 

Lead 0.46 -- 3.2 -- 2.3 <0.001 <0.001 0.17 

Mercury 0.77 0.051 0.012 0.146 -- <0.001 <0.001 0.002 

Zinc 29 69000 110 -- 49 <0.001 0.003 1.04 

D i-n-B utylti n 0.063 -- -- -- -- <0.001 <0.001 <0.001 

Tri-n-Butyltin 0.063 -- -- -- -- <0.001 <0.001 <0.001 

n-Butyltin 0.063 -- -- -- -- <0.001 <0.001 <0.001 

PCBs 0.014 -- -- -- -- <0.001 <0.001 <0.001 

2-Methylnaphthalene -- -- -- -- -- <0.001 <0.001 <0.001 

Acenaphthene -- -- -- -- -- <0.001 <0.001 <0.001 

Acenaphthylene -- -- -- -- -- <0.001 <0.001 <0.001 

Anthracene -- -- -- -- -- <0.001 <0.001 <0.001 

Fluorene -- -- -- -- -- <0.001 <0.001 <0.001 

Naphthalene -- -- -- -- -- <0.001 <0.001 <0.001 

Phenanthrene -- -- -- -- -- <0.001 <0.001 <0.001 

Benz(a)anthracene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Benzo(a)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

B enzo( b )fl uoranthen e -- -- -- -- -- <0.001 <0.001 <0.001 

Benzo(k)fluoranthene -- -- -- -- -- <0.001 <0.001 <0.001 

Benzo(g,h,i)perylene -- -- -- -- -- <0.001 <0.001 <0.001 

Chrysene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Dibenz(a,h)anthracene - - 0.049 -- -- -- <0.001 <0.001 <0.001 

Fluoranthene -- 370 -- -- -- <0.001 <0.001 <0.001 

lndeno( 1,2,3-cd)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Pyrene -- 11000 -- -- -- <0.001 <0.001 <0.001 
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Table 11-1 - Predicted Interstitial Water Concentrations for the Groundwater Transport Pathway Sheet 2 of 5 

Screening Criteria in µg/L Willamette 
EPA Oregon River 

EPA Human Health Oregon Human Health Regional Model Predicted Concentration for Given Year 

Freshwater Consumption Freshwater Consumption Background in µg/L 
Cell Constituent Chronic of Organisms Chronic of Organisms Levels in µg/L 2000 2020 2100 

2 Arsenic 150 0.14 190 0.0175 2 <0.001 <0.001 0.02 

Copper 3 -- 12 -- 7.4 <0.001 0.002 0.24 

Lead 0.46 -- 3.2 -- 2.3 <0.001 0.002 0.19 

n-Butyltin 0.063 -- -- -- -- <0.001 <0.001 <0.001 

2-Methylnaphthalene - - -- -- -- -- <0.001 <0.001 <0.001 
Acenaphthene -- -- -- -- -- <0.001 <0.001 <0.001 
Acenaphthylene -- -- -- -- -- <0.001 <0.001 <0.001 

Anthracene -- -- -- -- -- <0.001 <0.001 <0.001 
Fluorene -- -- -- -- -- <0.001 <0.001 <0.001 
Naphthalene - - -- -- -- -- <0.001 <0.001 <0.001 
Phenanthrene -- -- -- -- -- <0.001 <0.001 <0.001 
Benz(a)anthracene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Benzo(a)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 
Benzo(b)fluoranthene -- -- -- -- -- <0.001 <0.001 <0.001 
Benzo(k)fluoranthene -- -- -- -- -- <0.001 <0.001 <0.001 

Benzo(g,h,i)perylene -- - - -- -- -- <0.001 <0.001 <0.001 
Chrysene -- 0.049 -- -- -- <0.001 <0.001 <0.001 
Dibenz(a,h)anthracene -- 0.049 -- -- -- <0.001 <0.001 <0.001 
Fluoranthene - - 370 -- -- -- <0.001 <0.001 <0.001 
lndeno(l ,2,3-cd)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 
Pyrene -- 11000 -- -- -- <0.001 <0.001 <0.001 

3 Arsenic 150 0.14 190 0.0175 2 <0.001 <0.001 <0.001 
Copper 3 -- 12 -- 7.4 <0.001 <0.001 0.02 
Lead 0.46 -- 3.2 -- 2.3 <0.001 <0.001 0.004 
Tri-n-Butyltin 0.063 -- -- -- -- <0.001 <0.001 <0.001 
n-Butyltin -- -- -- -- -- <0.001 <0.001 <0.001 
2-Methylnaphthalene -- -- -- -- -- <0.001 <0.001 <0.001 
Acenaphthene -- -- -- -- -- <0.001 <0.001 <0.001 
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Table 11-1 - Predicted Interstitial Water Concentrations for the Groundwater Transport Pathway Sheet 3 of 5 

Screening Criteria in µg/L Willamette 
EPA Oregon River 

EPA Human Health Oregon Human Health Regional Model Predicted Concentration for Given Year 

Freshwater Consumption Freshwater Consumption Background in µg/L 

Cell Constituent Chronic of Organisms Chronic of Organisms Levels in µg/L 2000 2020 2100 

3 Acenaphthylene -- -- -- -- -- <0.001 <0.001 <0.001 

Anthracene -- -- -- . - -- <0.001 <0.001 <0.001 

Fluorene -- . . -- .. -- <0.001 <0.001 <0.001 

Naphthalene -- -- -- -- -- <0.001 <0.001 <0.001 

Phenanthrene -- -- -- -- -- <0.001 <0.001 <0.001 

Benz(a)anthracene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Benzo(a)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Benzo(b)fluoranthene -- -- -- -- -- <0.001 <0.001 <0.001 

Benzo(k)fluoranthene -- -- -- .. .. <0.001 <0.001 <0.001 

Benzo(g,h,i)perylene . - -. -- -- . - <0.001 <0.001 <0.001 

Chrysene -- 0.049 -- . - .. <0.001 <0.001 <0.001 

Dibenz(a,h)anthracene . - 0.049 -- -- -- <0.001 <0.001 <0.001 

Fluoranthene -- 370 -- -- - - <0.001 <0.001 <0.001 

I ndeno( 1 ,2,3-cd)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Pyrene -- 11000 -- . - -- <0.001 <0.001 <0.001 

4 Arsenic 150 0.14 190 0.0175 2 <0.001 <0.001 <0.001 

Copper 3 -- 12 -- 7.4 <0.001 <0.001 <0.001 

Lead 0.46 -- -- -- 2.3 <0.001 <0.001 <0.001 

Mercury 0.77 0.051 0.012 0.146 -- <0.001 <0.001 <0.001 

Tri-n-Butyltin 0.063 -- -- -- -- <0.001 <0.001 <0.001 

2-Methylnaphthalene -- -- -- -- -- <0.001 <0.001 <0.001 

Acenaphthene -- -- -- -- -- <0.001 <0.001 <0.001 

Acenaphthylene -- -- -- -- -- <0.001 <0.001 <0.001 

Anthracene -- -- -- -- -- <0.001 <0.001 <0.001 

Fluorene -- -- -- -- -- <0.001 <0.001 <0.001 

Naphthalene -- -- -- -- -- <0.001 <0.001 <0.001 

Phenanthrene -- -- -- -- -- <0.001 <0.001 <0.001 

Benz(a)anthracene -- 0.049 -- -- -- <0.001 <0.001 <0.001 
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Table 11-1 - Predicted Interstitial Water Concentrations for the Groundwater Transport Pathway Sheet 4 of 5 

Screening Criteria in µg/L Willamette 
EPA Oregon River 

EPA Human Health Oregon Human Health Regional Model Predicted Concentration for Given Year 

Freshwater Consumption Freshwater Consumption Background in µg/L 
Cell Constituent Chronic of Organisms Chronic of Organisms Levels in µg/L 2000 2020 2100 

4 Benzo(a)pyrene - - 0.049 -- - - -- <0.001 <0.001 <0.001 

Benzo(b )fluoranthene -- - - -- - - -- <0.001 <0.001 <0.001 

B enzo( k)fl uoranthen e -- -- -- -- -- <0.001 <0.001 <0.001 

Benzo(g,h,i)perylene -- -- -- -- -- <0.001 <0.001 <0.001 

Chrysene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Dibenz(a,h)anthracene . - 0.049 .. .. . . <0.001 <0.001 <0.001 

Fluoranthene -. 370 - . -. . . <0.001 <0.001 <0.001 

I ndeno( 1,2,3-cd)pyrene . - 0.049 .. . . .. <0.001 <0.001 <0.001 

Pyrene -. 11000 -- .. . . <0.001 <0.001 <0.001 

5 Arsenic 150 0.14 190 0.0175 2 <0.001 <0.001 <0.001 

Cadmium 0.33 - - 1.1 . - . - <0.001 <0.001 <0.001 

Copper 3 .. 12 - - 7.4 <0.001 <0.001 <0.001 

Lead 0.46 . - -- -. 2.3 <0.001 <0.001 <0.001 

Mercury 0.77 0.051 0.012 0.146 -- <0.001 <0.001 <0.001 

D i-n-b utylti n 0.063 . . . . -. -. <0.001 <0.001 <0.001 

Tri-n-butyltin 0.063 -- -- -. . - <0.001 <0.001 <0.001 

n-Butyltin 0.063 .. . . .. . - <0.001 <0.001 <0.001 

2-Methylnaphthalene -- . . -- .. -. <0.001 <0.001 <0.001 

Acenaphthene -- .. . - -. -- <0.001 <0.001 <0.001 

Acenaphthylene -- - . -. -. . - <0.001 <0.001 <0.001 

Anthracene -. . . - . -. -- <0.001 <0.001 <0.001 

Fluorene - - -- . . .. -- <0.001 <0.001 <0.001 

Naphthalene - - - . -- -. . - <0.001 <0.001 <0.001 

Phenanthrene . . -- -. . - -- <0.001 <0.001 <0.001 

Benz(a)anthracene - - 0.049 . . .. . . <0.001 <0.001 <0.001 

Benzo(a)pyrene -- 0.049 . . -. .. <0.001 <0.001 <0.001 
Benzo(b )fluoranthene -- - - .. -- - - <0.001 <0.001 <0.001 
Benzo(k)fluoranthene . - - . . - .. -. <0.001 <0.001 <0.001 
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Table 11-1 - Predicted Interstitial Water Concentrations for the Groundwater Transport Pathway Sheet 5 of 5 

Screening Criteria in µg/L Willamette 
EPA Oregon River 

EPA Human Health Oregon Human Health Regional Model Predicted Concentration for Given Year 

Freshwater Consumption Freshwater Consumption Background in µg/L 
Cell Constituent Chronic of Organisms Chronic of Organisms Levels in µg/L 2000 2020 2100 

5 Benzo(g,h,i)perylene - - - - -- -. . - <0.001 <0.001 <0.001 

Chrysene - . 0.049 - . -- . - <0.001 <0.001 <0.001 

Dibenz(a,h)anthracene . - 0.049 -- .. -- <0.001 <0.001 <0.001 

Fluoranthene - . 370 -- - . -- <0.001 <0.001 <0.001 

I ndeno( 1,2,3-cd)pyrene -- 0.049 -- -- -- <0.001 <0.001 <0.001 

Pyrene -- 11000 -- -- -- <0.001 <0.001 <0.001 

(l) Arsenic Freshwater Human Health Criterion for Fish Consumption - EPA Region 6, 2000. 
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Sheet 1 of 4 

Table 11-2 - Predicted Surface Sediment Concentrations for the Groundwater Transport Pathway 

Predicted 

Sediment Quality Guidelines Sediment Concentration 

in µg/kg for Given Year in ug/kg 

Cell Constituent LCRMA FSQV PEL 2000 2020 

1 Arsenic 57000 57000 17000 <0.001 <0.001 

Copper 390000 390000 197000 <0.001 0.009 

Lead 450000 450000 91000 <0.001 <0.001 

Mercury 410 410 486 <0.001 <0.001 

Zinc 410 410 315 <0.001 0.0195 

D i-n-8 utyltin -- -- -- <0.001 <0.001 

T ri-n-8 utylti n -- -- -- <0.001 <0.001 

n-8utyltin -- -- -- <0.001 <0.001 

PC8s 130 21 277 <0.001 <0.001 

2-Methylnaphthalene 670 -- - - <0.001 <0.001 

Acenaphthene 500 3500 -- <0.001 <0.001 

Acenaphthylene 560 1900 -- <0.001 <0.001 

Anthracene 960 2100 -- <0.001 <0.001 

Fluorene 540 3600 - - <0.001 <0.001 

Naphthalene 2100 37000 -- <0.001 <0.001 

Phenanthrene 1500 5700 514.9 <0.001 <0.001 

Total LPAHs 5200 27000 -- <0.001 <0.001 

8enz(a)anthracene 1300 5000 384.7 <0.001 <0.001 

8enzo(a)pyrene 1600 7000 782 <0.001 <0.001 

Total 8enzofluoranthenes 3200 11000 -- <0.001 <0.001 

8enzo(g,h,i)perylene 670 1200 -- <0.001 <0.001 

Chrysene 1400 7400 861.7 <0.001 <0.001 

Dibenz(a,h)anthracene 230 230 - - <0.001 <0.001 

Fluoranthene 1700 11000 2354.9 <0.001 <0.001 

lndeno(1,2,3-cd)pyrene 600 730 -- <0.001 <0.001 

Pyrene 2600 9600 875 <0.001 <0.001 

Total HPAHs 12000 36000 -- <0.001 <0.001 

Total PAHs -- 60000 -- <0.001 <0.001 

2 Arsenic 57000 57000 17000 <0.001 <0.001 

Copper 390000 390000 197000 <0.001 0.018 

Lead 450000 450000 91000 <0.001 0.0192 

n-8utyltin -- -- - - <0.001 <0.001 

2-M ethylnaphthal en e 670 -- -- <0.001 <0.001 

Acenaphthene 500 3500 -- <0.001 <0.001 

Acenaphthylene 560 1900 - - <0.001 <0.001 

Anthracene 960 2100 - - <0.001 <0.001 

Fluorene 540 3600 -- <0.001 <0.001 

Naphthalene 2100 37000 -- <0.001 <0.001 

Phenanthrene 1500 5700 514.9 <0.001 <0.001 

Total LPAHs 5200 27000 -- <0.001 <0.001 
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Sheet 2 of 4 

Table 11-2 - Predicted Surface Sediment Concentrations for the Groundwater Transport Pathway 

Predicted 

Sediment Quality Guidelines Sediment Concentration 

in µg/kg for Given Year in ug/kg 

Cell Constituent LCRMA FSQV PEL 2000 2020 

2 Benz( a)anthracene 1300 5000 384.7 <0.001 <0.001 

Benzo(a)pyrene 1600 7000 782 <0.001 <0.001 

Total Benzofluoranthenes 3200 11000 -- <0.001 <0.001 

Benzo(g,h,i)perylene 670 1200 -- <0.001 <0.001 

Chrysene 1400 7400 861.7 <0.001 <0.001 

Dibenz(a,h)anthracene 230 230 -- <0.001 <0.001 

Fluoranthene 1700 11000 2354.9 <0.001 <0.001 

lndeno(l ,2,3-cd)pyrene 600 730 -- <0.001 <0.001 

Pyrene 2600 9600 875 <0.001 <0.001 

Total HPAHs 12000 36000 -- <0.001 <0.001 

Total PAHs -- 60000 -- <0.001 <0.001 

3 Arsenic 57000 57000 17000 <0.001 <0.001 
Copper 390000 390000 197000 <0.001 <0.001 
lead 450000 450000 91000 <0.001 <0.001 
T ri-n-B utylti n -- -- - - <0.001 <0.001 

n-Butyltin -- -- -- <0.001 <0.001 

2-Methylnaphthalene 670 -- -- <0.001 <0.001 

Acenaphthene 500 3500 -- <0.001 <0.001 
Acenaphthylene 560 1900 -- <0.001 <0.001 
Anthracene 960 2100 - - <0.001 <0.001 
Fluorene 540 3600 -- <0.001 <0.001 

Naphthalene 2100 37000 -- <0.001 <0.001 
Phenanthrene 1500 5700 514.9 <0.001 <0.001 
Total LPAHs 5200 27000 -- <0.001 <0.001 
Benz(a)anthracene 1300 5000 384.7 <0.001 <0.001 

Benzo(a)pyrene 1600 7000 782 <0.001 <0.001 
Total Benzofluoranthenes 3200 11000 -- <0.001 <0.001 
Benzo(g,h, i)perylene 670 1200 -- <0.001 <0.001 
Chrysene 1400 7400 861.7 <0.001 <0.001 

Oibenz(a,h)anthracene 230 230 -- <0.001 <0.001 
Fluoranthene 1700 11000 2354.9 <0.001 <0.001 
I ndeno( 1,2,3-cd)pyrene 600 730 - - <0.001 <0.001 
Pyrene 2600 9600 875 <0.001 <0.001 
Total HPAHs 12000 36000 -- <0.001 <0.001 

Total PAHs -- 60000 -- <0.001 <0.001 
4 Arsenic 57000 57000 17000 <0.001 <0.001 

Copper 390000 390000 197000 <0.001 <0.001 
Lead 450000 450000 91000 <0.001 <0.001 
Mercury 410 410 486 <0.001 <0.001 
T ri-n-B utylti n -- -- -- <0.001 <0.001 
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Sheet 3 of 4 

Table 11-2 - Predicted Surface Sediment Concentrations for the Groundwater Transport Pathway 

Predicted 

Sediment Quality Guidelines Sediment Concentration 

in µg/kg for Given Year in ug/kg 

Cell Constituent LCRMA FSQV PEL 2000 2020 

4 2-Methylnaphthalene 670 -- -- <0.001 <0.001 

Acenaphthene 500 3500 -- <0.001 <0.001 

Acenaphthylene 560 1900 -- <0.001 <0.001 

Anthracene 960 2100 -- <0.001 <0.001 

Fluorene 540 3600 -- <0.001 <0.001 

Naphthalene 2100 37000 -- <0.001 <0.001 

Phenanthrene 1500 5700 514.9 <0.001 <0.001 

Total LPAHs 5200 27000 - - <0.001 <0.001 

Benz(a)anthracene 1300 5000 384.7 <0.001 <0.001 

Benzo( a)pyrene 1600 7000 782 <0.001 <0.001 

Total Benzofluoranthenes 3200 11000 -- <0.001 <0.001 

Benzo(g,h,i)perylene 670 1200 -- <0.001 <0.001 

Chrysene 1400 7400 861.7 <0.001 <0.001 

Oibenz(a,h)anthracene 230 230 -- <0.001 <0.001 

Fl uoranthene 1700 11000 2354.9 <0.001 <0.001 

I ndeno(l ,2,3-cd)pyrene 600 730 -- <0.001 <0.001 

Pyrene 2600 9600 875 <0.001 <0.001 

Total HPAHs 12000 36000 -- <0.001 <0.001 

Total PAHs - 60000 -- <0.001 <0.001 

5 Arsenic 57000 57000 17000 <0.001 <0.001 

Cadmium 5100 5100 3530 <0.001 <0.001 

Copper 390000 390000 197000 <0.001 <0.001 

Lead 450000 450000 91000 <0.001 <0.001 

Mercury 410 410 486 <0.001 <0.001 

Oi-n-butyltin -- -- -- <0.001 <0.001 

T ri-n-butylti n -- -- - - <0.001 <0.001 

n-Butyltin - - - - -- <0.001 <0.001 

2-Methylnaphthalene 670 -- -- <0.001 <0.001 

Acenaphthene 500 3500 -- <0.001 <0.001 

Acenaphthylene 560 1900 -- <0.001 <0.001 

Anthracene 960 2100 -- <0.001 <0.001 

Fluorene 540 3600 -- <0.001 <0.001 

Naphthalene 2100 37000 - - <0.001 <0.001 

Phenanthrene 1500 5700 514.9 <0.001 <0.001 

Total LPAHs 5200 27000 -- <0.001 <0.001 

Benz(a)anthracene 1300 5000 384.7 <0.001 <0.001 

Benzo(a)pyrene 1600 7000 782 <0.001 <0.001 

Total Benzofluoranthenes 3200 11000 - - <0.001 <0.001 

Benzo(g,h,i)perylene 670 1200 -- <0.001 <0.001 

Chrysene 1400 7400 861.7 <0.001 <0.001 
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Sheet 4 of 4 

Table 11-2 - Predicted Surface Sediment Concentrations for the Groundwater Transport Pathway 

Predicted 

Sediment Quality Guidelines Sediment Concentration 

in µg/kg for Given Year in ug/kg 

Cell Constituent LCRMA FSQV PEL 2000 2020 

5 Dibenz(a,h)anthracene 230 230 -- <0.001 <0.001 

Fluoranthene 1700 11000 2354.9 <0.001 <0.001 

lndeno(l ,2,3-cd) pyrene 600 730 -- <0.001 <0.001 

Pyrene 2600 9600 875 <0.001 <0.001 

Total HPAHs 12000 36000 -- <0.001 <0.001 

Total PAHs -- 60000 -- <0.001 <0.001 
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Table 11-3 - Ecological COPC Screening of Surface Sediment Sample 

Lab ID LCRMA FSQV PEL K9908320-015 

Sample ID HC-SS16 

Location Southern 

Lagoon 

Depth to Mudline in Feet* 19 

Conventionals in % 

Carbon, Total Organic 14 0.74 

Metals in mg/kg 

Antimony, Total 150 2.33 u 
Arsenic, Total 57 57 17 2.33 u 
Cadmium, Total 5.1 5.1 3.53 0.3 u 
Copper, Total 390 390 196.6 22.9 J 

Lead, Total 450 450 91.3 15.9 

Mercury, Total 0.41 0.41 0.486 0.2 u 
Nickel, Total 140 35.9 14.7 J 
Silver, Total 6.1 6.1 0.2 u 
Zinc, Total 410 410 314.8 65 UJ 

Pore Water TBT in µg/L 
Di-n-butyltin 0.15 0.05 u 
Tetra-n-butyltin 0.15 0.05 u 
Tri-n-butyltin 0.15 0.05 UJ 

n-Butyltin 0.15 0.05 u 
LPAHs in µg/kg 

2-Methylnaphthalene 670 50 u 
Acenaphthene 500 3500 50 u 
Acenaphthylene 560 1900 50 u 
Anthracene 960 2100 50 u 
Fluorene 540 3600 50 u 
Naphthalene 2100 37000 50 u 
Phenanthrene 1500 5700 514.9 95 

Total LPAHs 5200 27000 95 

HPAHs in µgfkg 
Benz(a)anthracene 1300 5000 384.7 110 

Benzo(a)pyrene 1600 7000 782 170 

Benzo(b )fluoranthene 97 

Benzo(k)fluoranthene 79 

Total Benzofluoranthenes 3200 11000 176 

Benzo(g,h,i)perylene 670 1200 150 

Chrysene 1400 7400 861.7 130 

Dibenz(a,h)anthracene 230 230 50 u 
Fluoranthene 1700 11000 2354.9 210 

lndeno( 1,2,3-cd)pyrene 600 730 160 

Pyrene 2600 9600 875 270 

Total HPAHs 12000 36000 1376 

Total PAHs 60000 1471 
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Sheet 2 of 3 

Table 11-3 - Ecological COPC Screening of Surface Sediment Sample 

Lab ID LCRMA FSQV. PEL K9908320-015 

Sample ID HC-SS16 

Location Southern 

Lagoon 

Depth to Mudline in Feet* 19 

Chlorinated Hydrocarbons 
in µgjkg 

1,2-Dichlorobenzene 35 10 u 
1,3-Dichlorobenzene 170 10 u 
1,4-Dichlorobenzene 110 10 u 
1,2,4-Trichlorobenzene 31 20 u 
Hexachlorobenzene 22 20 u 

Phthalates in µg/kg 
Bis(2-ethylhexyl) Phthalate 8300 640 100 u 
Butyl Benzyl Phthalate 970 100 u 
Di-n-butyl Phthalate 5100 100 u 
Di-n-octyl Phthalate 6200 100 u 
Diethyl Phthalate 1200 100 u 
Dimethyl Phthalate 1400 100 u 

Phenols in µgjkg 

2,4-Dimethylphenol 29 20 u 
2-Methylphenol 63 20 u 
3- and 4-Methylphenol 670 100 u 
Pentachlorophenol 400 250 u 
Phenol 420 100 u 

Miscellaneous in µgjkg 

Benzoic Acid 650 250 u 
Benzyl Alcohol 57 25 u 
Dibenzofuran 540 50 u 
Hexachlorobutadiene 29 20 u 
Hexachloroethane 1400 50 u 
N-Nitrosodiphenylamine 28 20 u 

Pesticides in µg/kg 
4,4'-DDD 8.51 3.3 u 
4,4'-DDE 6.75 2.3 u 
4,4'-DDT 6.7 u 
Total DDT 6.9 4450 6.7 u 
Arodor 1016 10 u 
Aroclor 1221 20 u 
Aroclor 1232 10 u 
Aroclor 1242 10 u 
Arodor 1248 21 10 u 
Aroclor 1254 7.3 111 
Aroclor 1260 10 u 
Total PCBs 130 21 277.2 11 
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Table 11-3 - Ecological COPC Screening of Surface Sediment Sample 

Lab ID 

Sample ID 

Location 

Depth to Mudline in Feet* 

Volatile Organics in µgjkg 
Benzene 

Ethyl benzene 

Toluene 

Trichloroethene 

m,p-Xylenes 

a-Xylene 

LCRMA FSQV 

U Not detected at indicated detection limit. 

J Estimated value. 

PEL 

Detection limits exceeding screening criteria are italicized. 

Boxed data indicate exceedence of screening level 

Hart Crowser 

K9908320-015 

HC-SSl 6 

Southern 

Lagoon 

19 

5 u 
SU 

5 u 
5 u 
5 u 
5 u 
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Geotechnical Slope Stability Cross Section Location Plan 
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Stability Analysis Cross Section AA-AA' 
Cell 5 Looking North 
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Stability Analysis Cross Section BB-BB' 
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Stability Analysis Cross Section EE-EE' 
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12.0 PROJECT CONCLUSIONS, RECOMMENDATIONS, AND REMAINING ISSUES 

Hart Crowser 
1·5792·07 

Completion of site field work, technical evaluations, and this Site Investigation 

Report fulfills the Port's project requirements described in the Final Work Plan 

and Port-DEQ IGAs {October 1998, October 1999, and April 2000 

modification). This Final Report also incorporates revisions responding to 

comments received following review of the July 20, 2000, Draft Site 

Investigation Report by DEQ, the TAP, and the public. The work accomplished 

provides a thorough and comprehensive documentation of site conditions that 

are relevant to assessing the potential for current and future exposure to releases 

of chemical constituents from the Port's confined dredged material. Work for 

the Port's investigation considered factors that could contribute to present and 

reasonably likely future threats to public health, safety and welfare, and the 

environment. These factors included: 

~ The facility location, setting, and operations; 

~ The history of mining and fill placement for Port confined dredged material 

and non-Port fill (based on records from the Port and RIS&G); 

~ Site hydrogeology and other relevant physical features of the site; 

~ Concentrations of chemical constituents in environmental media, including 

the Port's confined dredged material; 

~ Potential pathways for migration of chemical constituents from the Port's 

confined dredged material; 

~ Present and expected future human and ecological receptors potentially 

affected by releases of chemical constituents (including terrestrial and 

aquatic habitat, and sensitive species); 

~ Exposure pathways potentially connecting receptors; and 

~ Current and reasonably likely future land uses and beneficial uses of water. 

Findings of the investigation were not only conclusive at the level intended to 

achieve the objectives of the project listed above, but also enable us to 

determine that additional work is necessary to address several issues. As 

discussed below, actions to remediate for the impact of RIS&G mining activities 

are recommended by Hart Crowser to mitigate geotechnical stability risks 

associated with the in-water fill slopes adjacent to the containment cells in Ross 
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Island Lagoon. No other environmental risks related to the Port's confined 

dredged material were identified at present time or in the future, based on the 

expected future land use scenario. Conclusions of the risk assessment related to 

Port confined dredged material are discussed below. 

Pursuant to our conclusions and recommended slope stability remediation, it is 

Hart Crowser's opinion that no additional investigation or remedial actions 

related to the Port's confined dredged material are necessary to assure 

protection of present and future public health, safety and welfare, and the 

environment. However, surveys and physical monitoring needed to verify the 

on-going integrity of the containment cells should be included as part of the 

facility operator's site continuing management responsibility. 

Other Issues. A number of other issues were identified that relate to 

environmental conditions that are not attributable to the Port's confined dredged 

material placed at Ross Island. These issues are discussed below and include: 

ll> Detections of elevated pH and ammonia in surface sediment samples near 

containment Cell 1; 

ll> Detected concentrations of arsenic in water samples from the lagoon flux 

chambers; and 

ll> Detections of DDT in capping materials from Cell 1. 

Hart Crowser recommends that specific work tasks be incorporated into the 

RIS&G area-wide investigation to resolve the uncertainties described. 

12. 1 In-Water Fill Slope Instability and Recommended Slope Stability Mitigation 

Hart Crowser 
1·579~·07 

As discussed in Section 10.5, Hart Crowser completed geotechnical modeling to 

evaluate the stability of the slopes along the edge of the fill bench at the 

southern end of the lagoon. The current slope configuration resulted from 

mining between 1992 and 1998 by RIS&G that removed non-Port fill and deeper 

alluvium providing lateral support to the containment cells. Cells 1 through 4 

were constructed prior to the aforementioned mining. Cell 5 utilized an existing 

depression in non-Port fill. Following disposal of Port dredged material from Dry 

Docks 1 and 4 in Cell 5 in 1992, subsequent mining by RIS&G removed material 

providing lateral support adjacent to this cell. 

Geotechnical modeling results indicate that portions of the lagoon fill slope are 

unstable in their current configuration, and there is risk of slope failure adjacent 

to containment Cell 3, Cell 2, and Cell 5. These risks are increased during a 
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Hart Crowser 
)·Si92·07 

design seismic event (earthquake). In Hart Crowser's opinion, mitigation must 

be completed to address this stability risk. Slope failures involving the 

containment cells could result in the exposure and resuspension of Port confined 

dredged material, similar to the 1998 Cell 5 breach caused by RIS&G mining 

operations. 

Because of the slope stabiljty risk identified, Hart Crowser recommended that a 

concept-level feasibility study be completed to develop appropriate mitigation 

measures. Hart Crowser completed this study at the direction of the Port to 

supplement work scope tasks described in the Final Work Plan and Addendum. 

The Slope Hazard Mitigation Study is presented in Appendix G of Volume II of 

this Site Investigation Report because of the importance to the conciusiolls of 

the Port's investigation at Ross Island. The Slope Hazard Mitigation Study 

discusses Hart Crowser's minimum recommended performance standards for fill 

needed to stabilize the slope under static conditions and under seismic loading 

during an earthquake. These recommendations specify criteria for buttress 

replacement fill to restore critical portions of the mined slope and lateral support 

to the containment cells. Specific findings include: 

~ Sufficient earthen material for buttress replacement fill should be placed such 

that a permanent setback of no less than 100 feet exists between the 

exterior edges of all of the in-water containment cells and the crest of the 

buttress fill. Finished slope gradients for the buttress fill should not exceed 

three horizontal to one vertical (3H:1 V) in any direction. Figure 12-1 

provides a cross section that illustrates the buttress replacement concept. 

~ The in-water fill slopes are at risk of static or seismic slope failure at any time. 

For this reason, it is Hart Crowser's opinion that the replacement buttress fill 

should be constructed immediately. It may be necessary for RIS&G to 

negotiate a modification to their DSL Removal and Fill Permit (RF-26) to 

allow for construction of the buttress prior to approval of the area-wide 

investigation. 

Hart Crowser also recommends that future site uses should preclude any human

caused ,Ktivities that could physically disturb the containment cells, buttress fill, 

or the integrity of non-Port fill and capping materials overlying the cells. Findings 

from the Port's investigation also determined that there is no indication of 

potL'nti,11 risk to the containment cells or overlying fill/cap from river flooding 

erosion ,1s ,1 potenti,11 natural cause of disturbance. Therefore any future 

proposed modifications of the reclamation plan should evaluate potential 

erosion impacts that could affect the upstream portions of Ross and Hardtack 

Islands ,rnd in-water flll. 
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12.2 Risk Assessment Conclusions 

Hart Crowser 
J-5792·07 

Hart Crowser completed human health and ecological risk assessments for two 

potential contaminant migration pathways where potential exposure to Port 

confined dredged material were identified. These pathways are described in 

detail in Section 10.0 and consist of: 

..,. Potential groundwater transport from the containment cells; and 

.,.. Dispersal of particulates during disposal. 

The risk evaluations for these pathways considered potential adverse human 

health and ecological risks. For the groundwater transport pathway, the 

predicted concentrations of Port-related chemical constituents reaching surface 

sediments and surface waters of Ross Island Lagoon are below corresponding 

risk-based screening criteria and regional background levels. Therefore, no 

potential unacceptable human health and ecological risks, now or in the future, 

were identified by Hart Crowser for this transport pathway. 

For particulate dispersal during disposal, no potential for current or future 

unacceptable risks were identified for industrial workers at the RIS&G facility (no 

complete exposure pathway), or recreational users via direct contact/ingestion 

of surface waters or recreational fishing. Similarly, Hart Crowser did not identify 

any potential for unacceptable ecological risks via direct contact or 

bioaccumulation of Port-related chemical constituents in surface waters of the 

lagoon. 

Evaluation of potential ecological risks for exposure to surface sediment was 

limited to a small area near the location of surface sediment sample HC-SS 16 in 

the southeastern portion of the lagoon (see Figure 11-1 ). Although this sample 

failed bioassay testing, this sample contained only one constituent (Aroclor 

1254) detected above any of the three sediment quality guidelines used to 

screen the data. Additionally, the chemical quality of this sample would qualify 

sediment in this area as suitable for open water disposal based on LCRMA 

screening criteria and guidelines. It is Hart Crowser's opinion that the chemical 

quality of sample HC-SS 16, and specifically the potential contributions from 

dispersed Port dredged material, are not the cause of the bioassay failure. As 

discussed in Section 1 1.5, the bioassay failure is likely to the result of localized 

conditions resulting in high ammonia and high pH in the groundwater and 

interstiti<1I water in the nearshore areas of the lagoon. 

The observed surface sediment conditions near sample HC-SS 16 do not require 

remedial actions related to the possible links to the Port pathway. Further, such 
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remedies that only address chemical constituents in surface sediments would not 

address elevated pH and ammonia that were detected in bioassay samples 

HC-SS-20, HC-SS22, and HC-SS26. Samples HC-SS20 and HC-SS22 are 

approximately 400 to 500 feet in the inferred downgradient groundwater flow 

direction from upland groundwater well MW-02A that contained elevated pH 

levels. The well is screened in fill containing concrete debris and lime typical of 

wash-out slurry from cement and concrete processing. 

Recommendations for Area-Wide Investigation. Hart Crowser recommends 

that the Landau work scope for the RIS&G area-wide investigation further 

evaluate the source of elevated pH and ammonia in the nearshore areas, along 

with the influence of these constituents on bioassay testing results. If a potential 

remedy is determined to be necessary for this area of the lagoon, such actions 

should be conducted as part of the area-wide investigation. 

12.3 Flux Chamber Sampling Conclusions 

Hart Crowser 
J·5792·07 

Three flux chamber seepage meters were deployed at the bottom of the lagoon 

above containment Cell 2, Cell 3, and Cell 5 (see Section 8.0). Samples from the 

flux chambers provided data regarding the groundwater flow rate into the 

lagoon and concentrations of chemical constituents. As groundwater enters the 

lagoon it mixes with surface water, and a mixing model must be applied to 

estimate the percentages of groundwater and surface water in the flux chamber 

samples. Estimated concentrations of arsenic and other metals exceeded surface 

water screening criteria in one or more of the flux chamber samples, but the 

estimated metals concentrations from the flux chamber samples were higher 

than concentrations in piezometer pore water samples obtained from the 

containment cells below the flux chambers. 

Although Hart Crowser is confident in the representativeness of the flux 

chamber sampling and analytical methods, uncertainties introduced from the 

mixing model affect the accuracy of the estimated seepage concentrations. 

Further, the Port confined dredged material are clearly not a source of the 

chemical constituents detected in the flux chamber samples. This conclusion is 

based on comparison of the flux chamber sampling results with groundwater 

quality data from the containment cell piezometers and information from 

contaminant transport modeling presented in Section 10.0. The flux chamber 

seepage concentrations are significantly higher than those currently detected in 

pore water from the underlying containment cells, and no TBT or semivolatile 

compounds (two common constituents related to Port confined dredged 

materials) were detected in the flux chamber samples. 
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Recommendations for Area-Wide Investigation. Hart Crowser recommends 

that the Landau area-wide investigation include further evaluation of potential 

sources of metals detected in the flux chamber samples. Regardless of the 

source however, it is Hart Crowser's opinion that groundwater discharging to 

the lagoon is rapidly diluted and has little impact on the overlying water column 

due to extremely low measured groundwater seepage rates of ranging from 

about 9 x 10·4 to 8 x 10-3 feet per day. 

12.4 DDT Detections in Ce/11 Cap 

During exploration drilling in the Ross Island Lagoon, elevated concentrations of 

DDT were detected in samples of the Cell 1 cap material (see Section 7.0). 

These concentrations exceeded levels of DDT detected in the underlying Port 

confined dredged material, indicating that the Port material has not intermixed 

with the cap. Uncertainties are associated with the source of the DDT detected, 

although DDT was not detected in samples of the overlying non-Port fill. 

Recommendations for Area-Wide Investigation. Hart Crowser recommends 

that the Landau work scope for the area-wide investigation include additional 

evaluation of potential sources of the DDT detected in the Cell 1 cap sample. 

Regardless, the cap is covered with an additional 9 feet of non-Port fill, providing 

isolation from the lagoon environment. 

12.5 Investigation Conclusions 

Hart Crowser 
)·5792-07 

As part of the Port's investigation of confined dredged material at Ross Island, 

Hart Crowser obtained extensive field and laboratory data to evaluate the 

current and expected future conditions of the Port's confined dredged material. 

The investigation work scope was developed in coordination with DEQ and with 

regular input from the TAP. The TAP provided independent review of the Draft 

Site Investigation Report, and this Final Site Investigation Report incorporates 

changes made as a result of the DEQ and TAP comments 

All planned project tasks and objectives described in the Final Work Plan and 

Addendum were successfully accomplished. The data collected were of good 

quality and adequate for developing a detailed understanding of the 

hydrogeological setting of Ross Island Lagoon and vicinity, potential transport 

pathways for contaminants related to Port confined dredged material, and 

potential ecological receptors. Together, these conditions represent a 

conceptual model of the lagoon containment cells within the overall 

environment of the site. Based on this conceptual model, Hart Crowser 

completed focused human health and ecological risk evaluations for potential 
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contaminant migration pathways that were linked to Port confined dredged 

material. 

In summary, Hart Crowser concludes the following: 

..,.. The construction, configuration, and resulting capping function of the 

containment cells in Ross Island Lagoon were demonstrated by the current 

investigation to be consistent with existing guidance from the Corps, EPA, 

and the Washington State Department of Ecology on confined aquatic 

disposal (CAD) at the time of, and subsequent to construction of the cells. 

CAD cells are a reliable and accepted method for permanent disposal of 

contaminated dredged sediments nation wide (see Section 3.0) . 

..,.. Extensive physical and chemical data obtained from the Port's investigation 

demonstrate that the containment cells safely isolate the Port confined 

dredged material from the environment. The cells are functioning as 

intended to permanently contain the Port's material; however, slope hazard 

mitigation measures recommended by Hart Crowser are necessary to ensure 

the continued integrity of the cells . 

..,.. A geotechnical evaluation completed for the investigation indicates that 

in-water fill slopes next to containment Cell 1, Cell 2, and Cell 5 are unstable 

and at risk of failing. Hart Crowser recommends that buttress fill should be 

placed immediately to restore the slopes to a stable configuration . 

..,.. No other environmental risks related to the Port confined dredged material 

were identified at present time or in the future, based on the expected future 

land use scenario . 

..,.. Pursuant to our conclusions and recommended slope hazard mitigation, it is 

Hart Crowser's opinion that no additional investigation or remedial actions 

are necessary to assure protection of present and future public health, safety 

and welfare, and the environment. 

Hart Crowser has also recommended that several additional environmental 

conditions be evaluated further in the RIS&G area-wide investigation to address 

environmental issues identified during the Port's investigation. The conditions 

identified are associated with elevated pH and ammonia in surface sediment in 

the southeastern part of the lagoon, detected metals concentrations in water 

samples from the lagoon flux chamber seepage meters, and detected DDT in 

capping materials of containment Cell 1. 
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3 Area (Pre-Disposal). 

Minister-Glaeser Surveying Inc., (?), Unlabeled, Undated Bathymetric Map of 

Spill Area (Pre- and Post-Fill). 

Minister-Glaeser Surveying Inc., (?), Unlabeled, Undated Cross Sections of Ross 

Island Lagoon Spill Area. 
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HART CROWSER, INC. 

RICHARD F. MOORE 
Associate Environmental and Regulatory Specialist 

EDUCATION 
M.S., Geology, 1982, University of Montana 

B.S., Geology, 1979, University of Washington 

PROFESSIONAL REGISTRATIONS 
Registered Professional Geologist, State of Oregon, No. G 1076 

Registered UST Assessor, State of Washington 

PROFESSIONAL WATERFRONT AND SEDIMENT EXPERIENCE 
Richard Moore, environmental and regulatory specialist, works with our port and harbor clients to develop 

effective compliance and permitting strategies for waterfront remediation and redevelopment projects. Mr. 

Moore has more than a decade of experience in various aspects of environmental assessment and 

characterization for sediment and upland sites, including PRP searches to identify contaminant sources and 

pollutant contributions to sediments, surface water, groundwater, and other environmental receptors. Using 

this background, Mr. Moore specializes in working with federal and local resource agencies to address 

compliance issues under CERCLA, RCRA, CWA-NPDES, MTCA, SEPA, and related programs. In addition to 

developing and implementing assessment and cleanup strategies for waterfront sites, his work often involves 

negotiating permit conditions with lead agencies and coordinating background technical analyses to support 

the permit package. Mr. Moore has given m,my presentations on issues of storm water compliance, pollution 

prevention, and engineering control measures. 

REPRESENTATIVE WATERFRONT AND SEDIMENT PROJECT EXPERIENCE 

IJ>. Thea Foss and Wheeler-Osgood Waterways Pre-Remedial Design, City of Tacoma, Tacoma, 

Washington (1997-ongoing). The The,1 Foss Waterway is located within the Commencement Bay 

Nt',1rshore(Tideflats Superfund site. As part of Hart Crowser's team performing site environmental and 

geotechnic.11 work, Mr. Moore was responsible for evaluating issues of contaminant transport for a 

c.mdid,1te nearshore fill site. To predict. the mobility of potential contamin,mts in sediment fill, he 

ex,1111i11ed existing sampling ,md arl.llysis dat.1, available data reg,1rding partitioning coefficients, organic 

c.irbon concentr,1tions, redox potential, and leach,1bility. Based on this an,1lysis, Mr. Moore compared 

111onitoring dat,1 fro111 existing nearshore fill sites to estimate the expected level of contaminant 

attenu,1tion. He also used results of the ,malysis to compare predicted contaminant discharge 
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concentrations to applicable surface water quality criteria. Mr. Moore continues to provide technical 

support as agency comments are addressed and engineering parameters for design of the nearshore fill 

are analyzed . 

.,._ Middle Waterway Habitat Restoration and Source Removal, City of Tacoma, Tacoma, Washington 

(1998-1999). The purposes of this effort, which is jointly regulated by the Natural Resource Trustees and 

the Washington State Department of Ecology (Ecology), are to satisfy the terms of a Natural Resource 

Damage Assessment (NRDA) settlement calling for habitat restoration in Commencement Bay and to 

address upland sources of contamination under MTCA. In support of this effort, Mr. Moore is responsible 

for evaluating applicable or relevant and appropriate requirements (ARARs) to determine whether there 

are potentially substantive requirements related to water and sediment quality under the Clean Water 

Act. In addition, he is reviewing possibly substantive requirements pursuant to other federal and state 

regulations, such as those governing habitat mitigation, shorelines uses, and the disposition and 

management of contaminated soils and sediments. Because implementation can vary under different 

programs, determining and reconciling ARARs under both state (MTCA) and federal (NRDA/CERCLA) 

programs presents a particular challenge. To facilitate the need to address ARARs within slightly different 

regulatory contexts, a first for Commencement Bay, Mr. Moore developed a streamlined approach that 

early on established the relevant aspects of potential ARARs, which in turn minimized disruptions to the 

construction schedule . 

.,._ Urban Waterway Upland Restoration, Thea Foss Waterway, City of Tacoma, Tacoma, Washington 

(1998-1999). Mr. Moore is providing technical analysis of ARARs associated with the remedial action 

(capping of sediments in a swale area) for this upland restoration being performed pursuant to MTCA. 

He evaluated substantive requirements related to water and sediment quality under the Clean Water Act, 

as well as issues related to shorelines uses. In addition, Mr. Moore is assessing the ARARs that govern the 

disposition and management of contaminated soils and sediments . 

.,._ Hylebos Waterway Pre-Remedial Design of Bank Sediments, Port of Tacoma, Tacoma, Washington 

(1997-1999). The Hylebos Waterway is part of the Commencement Bay Nearshore/Tideflats Superfund 

site and is currently in the pre-remedial design phase of investigation. As part of Hart Crowser's team to 

evaluate intertidal sediment quality and remedial options for the Port of Tacoma, Mr. Moore reviewed 

and evaluated existing records on sediment quality and historical sources of contamination. Using this 

information, he assisted in the development of a sediment sampling and analysis program to define the 

nature and extent of intertidal contamination. He continues to provide technical analysis, including the 

interpretation of site characterization results, the delineation of sediment areas requiring active 

remediation, and the identification of preliminary cleanup alternatives. 
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~ Brigham Brick Confined Disposal Facility, Steel Style, Inc., Newburgh, New York (1997-1998). The 

Brigham Brickyard site is an abandoned 100-acre clay quarry along the Hudson River that has been 

proposed by the Corps of Engineers as a disposal site for sediments dredged from New York Harbor. In 

1997, Mr. Moore completed a preliminary regulatory and permitting evaluation to identify and prioritize 

issues of land use, environmental regulation, and constructability. He further analyzed EIS technical areas 

and additional needs for site characterization in light of the expected physical properties and degree of 

contamination of the sediments. Other Hart Crowser team members used the information gained 

through Mr. Moore's efforts to develop a preliminary engineering design and operational concepts and 

costs. Mr. Moore continues to provide technical support as agency comments are addressed and 

engineering parameters are analyzed. 

~ Cadman Skykomish River Pit Supplemental EIS (SEIS), Monroe, Washington 1993-1996. As Project 

Manager and lead author, Mr. Moore headed Hart Crowser's team to prepare the Draft and Final SEIS for 

Cadman's proposed expansion of the Sky River sand and gravel quarry between 1993 and 1995. 

Reserves are estimated at 11 million tons of sand and gravel to be extracted over about the next 15 years. 

Mr. Moore coordinated a multidisciplinary approach to address potential environmental impacts from the 

proposed expansion related to wetlands, fisheries, river erosion, noise, transportation, air, cultural 

resources, and other issues. As part of this work, he developed the site mining and reclamation plan and 

many of the mitigation strategies presented in the SEIS to minimize potential impacts. Mr. Moore worked 

closely with Cadman to identify a preferred strategy to maximize the economic viability of the operations 

while accomplishing the mitigation objectives. His work entailed extensive review of applicable 

regulations and permitting requirements, and interacting with the City of Monroe (lead agency), the state 

Department of Fish and Wildlife, and other regulatory agencies to resolve potential concerns. Through 

these efforts the City of Monroe issued the Final SEIS by the City of Monroe. 

~ Cadman High Rock Quarry EIS, Western Washington (1994-1999). Mr. Moore served as Hart 

Crowser's Project Manager for preparing EIS drafts for continuing operation of a proposed sand and 

gravel pit and rock quarry. Continued mining operations involve extraction of about 24 million tons of 

sand and gravel, and 18 million tons of rock over about the next 20 years. Mr. Moore headed a 

multidisciplinary team to complete the Draft EIS, develop a mining and reclamation plan for the Proposed 

Action and alternatives, and coordinate technical input from support authors to address key project 

environmental issues such as ,1quifer recharge, streams and wetlands, plants and animals, transportation, 

air, and noise. He also evaluated County Shorelines Management, Critical Areas Regulations, and related 

ordinances with regard to potential impacts from the Proposed Action. He worked closely with the client, 

legal counsel, and county and state resource ,1gencies to identify effective regulatory strategies and 

mitigation ,1ltern,11ives, and continues to provide key technical support for on-going permitting efforts. 
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II> NASSCO Shipyard, San Diego, California (1997-1998). To support NASSCO's appeal of the General 

Shipyard Permit for the San Diego region, Mr. Moore evaluated several key permit conditions related to 

storm water management and the implementation of best management practices (BMPs) at the shipyard. 

Based on his analysis of best available technology/best control technology (BAT/BCT), Mr. Moore 

demonstrated that instituting the permit conditions were neither technically nor economically feasible. 

The appeal is now pending at the state level. 

II> MCI Shipyard, MCI, Inc., Bellingham, Washington (1998). Mr. Moore was called upon to evaluate a 

remedial approach, and associated costs, developed by a third-party consultant. His work included an 

analysis of options for sediment dredging, capping, and natural attenuation, as well as a review of 

historical sources of contamination (metals, PCBs, petroleum hydrocarbons, and PAHs) that might have 

impacted sediments. In addition, Mr. Moore evaluated upland issues and ongoing sources of 

contaminants to Bellingham Bay. 

II> Confidential Shipyard Client, Southern California (1997-1998). Mr. Moore provided consultation to 

evaluate the strategy and format for storm water pollution prevention and monitoring plans at a major 

West Coast shipyard. His review focused on assessing compliance requirements relative to the California 

State Industrial Activities Storm Water General Permit that applied to this facility. Mr. Moore's review 

also included an assessment of the storage, handling, and disposal of hazardous wastes, storm water flow 

pathways, potential contaminant sources, and the effectiveness of BMPs implemented at the facility. Mr. 

Moore made recommendations on storm water sampling protocols, representative monitoring 

parameters, and potential future issues associated with the regional Bay Plan. 

II> West Ewing Street Shipyard, Foss Maritime, Seattle, Washington (1996-ongoing). Mr. Moore aided 

Foss in its preparation of an application to Ecology for reissuance of the site's NPDES permit. To this end, 

Mr. Moore compiled existing operations' data for the facility, data pertaining to the storm drain and basin 

catchment area, discharge data, and data derived from chemical analyses. In addition, he anticipated and 

addressed revisions to the permit conditions associated with BMPs, storm water monitoring, and other 

pollution control measures. Following reissuance of the permit, Mr. Moore led Hart Crowser's all known 

and reason,1ble treatment technologies (AKART) engineering analysis for shipyard pollutants. The AKART 

report was ,Kcepted by Ecology and King County Industrial Waste and is currently in the design phase of 

implernent,1 ti on. 

II> Tacoma Boat Property, Ace Tank, Tacoma, Washington (1996-1997). Mr. Moore served as Hart 

Crowser's Project M,mager for the ,1ssessment of sediment and upland environmental issues at the former 

T,icom,1 Bo.it ship repair facility on the Hylebos Waterway. The work was completed in support of 

proposed Prospective Purchaser Agreements (PPAs) being negotiated by a potential purchaser of the 

property with the W,1shi11gto11 State Department of Ecology, the EPA, and the Natural Resource Trustees. 

To support the proposed ,icquisition and redevelopment of the site, Mr. Moore developed preliminary 
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remedial alternatives and costs for upland, intertidal, and subtidal areas. Mr. Moore presented the 

preferred option to the agency groups, and an agreement in principle is currently under discussion. The 

focus of the preferred option is capping of intertidal zone sediments, including the marine railway area . 

.., Shipyard Audit, Confidential Client, Western Washington (1996). Mr. Moore completed a site audit at 

a major shipyard in Western Washington to identify areas of environmental concern and potential 

compliance issues. Mr. Moore prioritized the issues and developed a strategy for addressing deficiencies 

associated with hazardous materials and waste-handling practices at the shipyard. Specific regulatory 

programs examined under the audit included NPDES, RCRA and state dangerous waste regulations, 

TSCA, air toxics, and state worker health and safety. Mr. Moore also audited the facility's recordkeeping 

system and dangerous waste reporting documents. After the corrective action strategy developed by Mr. 

Moore was implemented, significant reductions in waste sources and an increased level of compliance 

resulted . 

.., AK-WA Shipyard, AK-WA, Inc., Tacoma, Washington (1996). Mr. Moore assisted AK-WA in its 

negotiations with Ecology for a revised NPDES storm water permit and compliance schedule. The work 

involved a site reconnaissance, review of effluent discharge monitoring reports, and evaluation of 

shipyard compliance issues for the dry dock and upland support operations. Using this information, Mr. 

Moore helped AK-WA identify corrective action measures to upgrade dry dock and upland BMPs and 

enhance pollution control measures. He also supported AK-WA during its discussions with Ecology 

regarding appropriate permit conditions . 

.., AK-WA Shipyard, AK-WA, Inc., Tacoma, Washington (1996). To satisfy permit conditions and other 

requirements of Ecology, and as a follow-on to his earlier assistance with revising and reissuing AK-WA's 

NPDES permit, Mr. Moore coordinated the preparation of an AKART engineering report for the shipyard. 

Based on Mr. Moore's previous work and agency concurrence, the engineering report focused on 

implementing enhanced BMPs and establishing a subsequent period of monitoring to evaluate their 

effectiveness . 

.., MCI Shipyard, MCI, Inc., Bellingham, Washington (1995). As part of Hart Crowser's overall NPDES 

compliance evJluation for the site, Mr. Moore completed a site audit to inventory and assess potential 

sources of storm water pollution. Mr. Moore inspected ship repair and maintenance operations, 

including vessel sandblasting and painting. He also mapped and assessed site drainage and catch basin 

features to identify potential surface water migration pathways for pollutants. Based on the findings of 

this work, /v\r. Moore recommended enhancements to source control B/v\Ps and developed additional 

pollution prevention measures. 
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IJI> Sand and Gravel Delivery Facility, Lone Star Northwest, Tacoma, Washington (1994). To facilitate Lone 

Star Northwest's efforts to complete sediment dredging and new construction at its Hylebos Waterway 

facility, Mr. Moore completed a Shorelines Substantial Development Permit through the City of Tacoma, 

interacting with the City, the Corps of Engineers, and other resource agencies to clarify project scoping 

issues and exemptions. As a result of Mr. Moore's work, a shorelines permit was issued for site 

construction activities, and the dredging was exempted as routine maintenance. 

IJI> West Ewing Street Shipyard, Foss Maritime, Seattle, Washington (1994). Following issuance of an 

administrative order by Ecology for NPDES storm water violations, Mr. Moore was retained to conduct a 

storm water characterization study and contaminant source evaluation. In conjunction with this work, 

Mr. Moore assessed the effectiveness of BMPs, made recommendations for additional source controls, 

and developed potential strategies for storm water treatment, including options for AKART engineering. 

He presented the results of this work at a 1995 Educational Outreach to the shipyard industry, which was 

hosted by Foss as a condition of the administrative order. As a result of Mr. Moore's efforts, Foss satisfied 

the conditions of the administrative order. 

PRESENTATIONS ON WATERFRONT AND SEDIMENT TOPICS 

"Overview of the Pollution Prevention and AKART Process," presented at the Pacific Northwest Pollution 

Prevention Resource Center Shipyard Pollution Prevention Round Table. Seattle, Washington. May 13, 1997. 

"Storm Water, BMPs, and New Developments in Clean Water Technology," presented at the Association of 

Washington Businesses Environmental Law Conference. Seattle, Washington. May 9, 1995. 

"Storm Water Pollution Source Evaluation, Quantification, and Control at Shipyards," presented at the Foss 

Shipyard NPDES Storm Water Permit Seminar. Seattle, Washington. February 23, 1995. 
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HART CROWSER, INC. 

CARL M. EINBERGER 
Senior Associate Hydrogeologist 

EDUCATION 
M.S., Geology, 1986, University of Wisconsin-Madison 

B.S. (with high honors), Geological Engineering, 1982, Colorado School of Mines 

PROFESSIONAL AFFILIATIONS 
Engineer-in-Training, State of Washington 

Member, American Geophysical Union 

PROFESSIONAL EXPERIENCE 
Mr. Einberger is a senior associate hydrogeologist and technical Project Manager responsible for multi

disciplinary project planning, management, and technical support, including hydrogeological, geotechnical, 

and geophysical field investigations. He has extensive background in subsurface investigations and remedial 

design for sites impacted by dense non-aqueous phase liquid (DNAPL), petroleum products, and metals. Mr. 

Einberger also has experience in the mining industry, with experience supporting mine development, 

remediation, and closure. He has considerable experience with groundwater and contaminant fate and 

transport modeling and was responsible for developing Monitoring Efficiency Model (MEMO), a computer 

model that provides a numerical basis for the design of monitoring well networks. He has also been active in 

clean water issues, developing water supplies for numerous entities. 

In his 111an,1gernent and investigatory roles, Mr. Einberger stresses the importance of top-quality client 

communications-to identify and meet goals, schedules, and budgets-as well as the need for non

confrontational regulatory negotiations that are focused on successful outcomes. Mr. Einberger takes a cost

conscious .1ppro,Kh to project planning and design-using, for example, geophysical methods and on-site 

chemical ,111,1lysis to provide conclusive project results, while limiting the need for extensive and lengthy site 

investig,1tions. He ernph,1sizes the importance of understanding the geology of a site, and linking geological 

and engineering principles to maximize results. 

REPRESENTATIVE PROJECT EXPERIENCE 

II>- Steam Sparging Perform.1nce Assessment, Puget Sound Naval Shipyard, Bremerton, Washington. Mr. 

Einberger completed ,1 performance assessment for an existing stream sparging system installed to 

e11h,111ce r0covery of free product. including Bunk0r C oil and diesel. The overall results of the assessment 
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indicated that the system was recovering less product than intended, and that more product is in place 

than originally estimated. Based on these conclusions, Mr. Einberger negotiated with Ecology to allow the 

steam sparging system to be shut down, and a natural attenuation approach to site remediation is 

underway, resulting in a cost savings to the Navy estimated to total $400,000 per year. At the request of 

Ecology, the Navy is conducting a Focused Remedial Investigation and Feasibility Study under Mr. 

Einberger's management, to support the natural attenuation approach and evaluate other potential 

options for site remediation. 

~ Source Control, Raytheon Company Semiconductor Division, Mountain View, California. Mr. 

Einberger served as Project Manager for source control remedial designs for three facilities in Silicon 

Valley, part of a major Superfund site. His work included the design and pilot-scale field testing of two 

soil vapor extraction systems; the development of an innovative, high-volume soil sampling method; 

numerical groundwater modeling for a 100-foot-deep slurry wall; management of groundwater extraction 

systems, including maintenance of hydraulic gradients after installation of the slurry wall; and oversight of 

regional groundwater modeling. Mr. Einberger successfully engaged in considerable interaction with 

regulatory agencies, including the EPA, and the Bay Area Air Quality Management District, as well as with 

potentially responsible parties (PRPs) and their attorneys. 

~ Site Investigation and Remedial Design, Confidential Client, Renton, Washington. Mr. Einberger is 

responsible for design and permitting of remedial actions for an arsenic-contaminated facility adjacent to 

Lake Washington, including oversight of contaminant fate and transport modeling. Prior to initiating 

remedial action design, he provided scoping and management of a rapid and cost-effective site 

investigation program for delineation of soil and groundwater contamination, employing a Strataprobe 

sampling rig with an on-site laboratory. Mr. Einberger has also been the lead consultant in Ecology 

negotiations for this facility. 

~ DNAPL Investigation, Tulalip Test Site, Boeing Company, Marysville, Washington. Mr. Einberger served 

as Project Manager for a site investigation to evaluate potential sources of DNAPL and the distribution of 

associated dissolved-phase plumes. 

~ Site Remediation and Redevelopment, Zelman Development Company, Oaksdale Site, Renton, 

Washington. Mr. Einberger is responsible for remediation oversight and Ecology negotiations and 

reporting at this former scrap metal and electrical equipment recycling location, currently under 

redevelopment. A.ctivities include on-site stabilization of auto fluff and lead-contaminated soil, PCB

contaminated soil excavation, ,1nd preparation of a post-development groundwater monitoring program. 
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.,.. Design of Landfill Beach Cover, Manchester Annex Superfund Site, Manchester, Washington. Mr. 

Einberger supported the design of a beach cover for this former Navy landfill adjacent to Puget Sound, by 

evaluating appropriate design hydraulic conductivities and configurations for a two-fayer beach 

restoration. Goals of the design included minimizing leaching of metals from the landfill and maximizing 

tidal dilution at the beach front. 

.,.. Site Investigation, Massey Site, Department of Justice, Whidbey Island, Washington. Mr. Einberger 

designed and managed a site investigation to support negotiations surrounding a matter under litigation. 

He employed hydropunch techniques to provide a rapid, low-cost method for evaluating the distribution 

of a DNAPL contaminant plume associated with the adjacent Whidbey Island Naval Air Station . 

.,.. Recovery Trench Design Evaluation, Benjamin Moore & Co., Santa Clara, California. Mr. Einberger 

performed numerical modeling to evaluate the effectiveness of several recovery trench configurations at 

capturing a contaminant plume. The recommended design was subsequently constructed and is now 

operating as intended . 

.,.. Due Diligence Support, Review of Site Hazards and Storm Water Infiltration, Confidential Client, 

Issaquah, Washington. Mr. Einberger conducted a due diligence review in support of a large property 

transfer, with emphasis on subsurface hazards, including potential groundwater contamination, and 

anticipated concerns regarding storm water infiltration. 
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SARA GRAALUM, E.l.T. 
Senior Staff Coastal/Sediment Remediation Engineer 

EDUCATION 
M.S., Ocean Engineering, 1997, Texas A&M University 

B.S., Ocean Engineering, 1995, Texas A&M University 

Engineer-in-Training, 1995 

PROFESSIONAL MEMBERSHIPS 
Member, American Society of Civil Engineers (ASCE) 

Member, Western Dredging Association (WEDA) 

Member, U.S. Section of the International Navigation Association (PIANC) 

PROFESSIONAL WATERFRONT AND SEDIMENT EXPERIENCE 
Sara Graalum is a staff-level coastal and remediation engineer who works with Hart Crowser's sediment 

services group to evaluate and remediate contaminated sediments. Ms. Graalum uses applied science to 

determine the dredging method most appropriate to a given circumstance and to evaluate the usefulness and 

comparative costs of alternative removal and disposal actions. In addition, she is responsible for assessing the 

physical properties of sediments; evaluating water quality impacts related to dredge and disposal options; 

developing and evaluating remedial engineering approaches, including cost estimates; designing and 

implementing remedial actions, as well as preparing detailed plans and specifications for those actions; and 

supplying construction support services to Hart Crowser's port and harbor clients. 

REPRESENTATIVE WATERFRONT AND SEDIMENT PROJECT EXPERIENCE 

IJI> Thea Foss and Wheeler-Osgood Waterways Pre-Remedial Design, City of Tacoma, Tacoma, 

Washington (1997-ongoing). Ms. Graalum is the staff engineer responsible for developing a remedial 

design for contamin,1ted sediments within the 8,000-foot-long Thea Foss Waterway, as well as for 

incorporating redevelopment plans into that design. She is involved with the physical testing program, 

using the data to assess the required dredge prism and the dredging, disposal, and leaching characteristics 

of the sediments, and is responsible for interpreting column settling tests. She is responsible for 

developing the construction sequencing plan and cost estimate and is involved in developing dredge 

plans and specifiCJtions. In addition, 1'v\s. Graalum used the U.S. Army Corps of Engineers' Automated 

Dredging and Disposal Alternatives Modeling System (ADDAMS) to evaluate two disposal alternatives-
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nearshore fill and confined aquatic disposal (CAD), and to assess resuspension and contaminant releases 

during dredging operations. 

ii>' The Cranberry Bog Disposal Facility, International Port of Coos Bay, Coos Bay, Oregon (1997-

ongoing). This upland disposal site, designed by another consultant and purchased by the Port from the 

Corps of Engineers, has been subject to shutdowns because of its failure to meet water quality standards. 

The Port is unable to dredge contaminated sediments until issues surrounding the disposal site are 

resolved. Ms. Graalum is responsible for redesigning the facility, including relocating a berm and _ 

modifying the weirs, to meet water quality standards. In the course of that work, she determined that 

beavers clogged a weir, causing the berm to fail, and also built a small dam at the point of failure. The 

disposal site is near a wetland mitigation area. Because of that proximity, Ms. Graalum is developing 

creative designs to restore the disposal facility's function, forestall the issue from arising again, and 

accommodate the beavers-while at the same time preventing them from transforming the wetland into a 

pond or further compromising the Port's plans. 

ii>' Contaminant Mobility and Physical Testing, Puget Sound Naval Shipyard, EFA, Northwest, Bremerton, 

Washington (1998-1999). Ms. Graalum supported tasks including column settling tests, physical testing, 

and contaminant mobility testing. Ms. Graalum was responsible for compiling the column settling test 

results and using that data to assess water quality impacts during dredging and disposal at a nearshore 

confined aquatic disposal (CAD) site. 

ii>' Hylebos Waterway Phase I Cleanup/Slip l Confined Disposal Facility Project, Glenn Springs Holdings, 

Inc. and Port of Tacoma, Tacoma, Washington (1999-ongoing). Ms. Graalum is the staff engineer 

responsible for developing a remedial design for the Phase I Cleanup of contaminated sediments in the 

Hylebos Waterway. In addition, Ms. Graalum provides engineering support for development of the Slip 1 

Confined Disposal Facility (CDF) design. She is responsible for developing the construction sequencing 

plan and cost estimate for the dredge and disposal plans and is involved in developing the construction 

plans and specifications. 

PAPERS AND PRESENTATIONS ON WATERFRONT AND SEDIMENT TOPICS 

Graalum, S., R. Randall, and B. Edge, 1999. "Methodology for Manufacturing Topsoil Using Sediment 

Dredged from the Gulf lntracoastal Waterway." Journal of Marine Environmental Engineering, Vol. 5, 1999, 

pp. 121-158. 

Willix, B., S. Graalum, S. Garbaciak, and J. Henningson, 1999. "Beneficial Use and Treatment of 

Contaminated Sediment Dredged from the Claremont Channel Using PROPAT®." Western Dredging 

Association, Louisville, Kentucky. May 16-18, 1999. 
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Graalum, S., 1997. "Feasibility of Using Dredge Material from the Gulf lntracoastal Waterways to 

Manufacture Soil." International Conference on Beneficial Uses of Dredge Material. Baltimore, MD. 

July 30-August 2, 1997. 
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HOWARD L. CUMBERLAND 
Associate Sediment Specialist 

EDUCATION 
M.S., Biology, 1996, California State University-San Diego 

S.S., Marine Biology, 1989, California State University-Long Beach 

PROFESSIONAL MEMBERSHIPS 
Member, Western Dredging Association 

Member, American Association of Port Authorities (AAPA) 

Member, AAPA Harbors, Navigation, and Environment Committee 

Member, Western Society of Naturalists 

PROFESSIONAL WATERFRONT AND SEDIMENT EXPERIENCE 
Mr. Cumberland is an Associate specializing in sediment quality assessments and permitting for the dredging 

and disposal of contaminated sediments. The majority of his eleven years of experience has centered on 

ports and harbors, where he performs sediment quality, water quality, and ecological studies for dredged 

material and waterfront development projects. He has managed and supported dredging and construction 

projects throughout the Pacific Rim, including in Oregon, California, Guam, Hawaii, and Alaska, where he 

participated in several studies of intertidal and shallow subtidal habitats following the EXXON Valdez oil spill. 

In accordance with NEPA, Mr. Cumberland has written Dredged Material Evaluations, Water Quality, and 

Marine Resource Sections for Environmental Assessments and Environmental Impact Statements. In addition, 

Mr. Cumberland has extensive background investigating the impacts of sediment disposal on the nearshore 

and offshore marine environments, substantial knowledge of experimental design and biological statistics, as 

well ,1s solid field skills, including sample collection and field mapping using SCUBA. 

Throughout his career, Mr. Cumberland has pursued innov,1tions in the beneficial reuse of dredged material 

for such purposes as beach nourishment, wetland cre,1tion, or fill in new construction, which has led to 

significant reductions in disposal costs at specific sites. Further, he is thoroughly familiar with the regulatory 

and .malytical requirements associated with the dredging ,111d disposal of contaminated sediments, such as 

those administered by the Corps of Engineers (including permitting under Sections 10, 103, and 404), the EPA 

(including CERCLA and NEPA projects), and various state ,111d local programs. Mr. Cumberland's 

man,1gement of numerous complex waterfront projects demonstrates that timely, cost-effective, and 

environmentally accept,1ble solutions are available-and th.it those solutions will be permitted by resource 

agencies when carefully designed, documented, and negotiated. 
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REPRESENTATIVE WATERFRONT AND SEDIMENT PROJECT EXPERIENCE 

~ Various River Terminals, Columbia and Willamette Rivers, Three Ports; Portland, Kalama, and 

Longview (1998 - 1999). Mr. Cumberland serves as the Project Manager for the characterization of 

freshwater sediments to evaluate disposal options for proposed dredged material at seven river terminals 

and 12 deep water locations in the Willamette River Navigation Channel. The sediment characterization 

study was conducted in accordance with the recently published Dredged Material Evaluation Framework 

for the Lower Columbia River Management Area (LCRMA). He was responsible for preparing a sampling 

and analysis plan that met with regulatory approval; collecting, processing, and logging representative 

sediment cores for characterization, including coordination with vessel operators, and subcontract 

laboratories; preparing a final report that summarized the physical and chemical characteristics of the 

dredged material; and conferring with the port and regulatory agencies to determine appropriate disposal 

options. 

~ River Terminals 2 and 4, Willamette River, Port of Portland, Portland Oregon (1998 - ongoing). Mr. 

Cumberland serves as Project Manager for these dredged material characterization projects. The 

objectives of these studies are to determine disposal options for sediment dredged during the course of 

routine maintenance dredging activities required to maintain navigational depths at the Port's facilities. 

He is responsible for preparing sampling and analysis plans that meet regulatory approval; collecting, 

sectioning, and logging representative sediment cores for characterization; designing and interpreting 

biological toxicity testing regimes for these sediment samples, including selection and coordination with 

bioassay laboratory subcontractors; preparing a final report that summarizes the physical and chemical 

characteristics of the dredged material; and conferring with the port and regulatory agencies to determine 

appropriate disposal options. These dredge material characterization studies were conducted in 

accordance with the recently published Dredged Material Evaluation Framework for the LCRMA. 

~ Terminal 4, Slip 3, Remedial Investigation/Feasibility Study, Willamette River, Port of Portland, 

Portland Oregon (1998 - ongoing). Mr. Cumberland serves as Project Manager for the Remedial 

Investigation/Feasibility Study (Rl/FS) being conducted at Terminal 4, Slip 3 on the Willamette River. 

Terminal 4 is a ship loading and unloading facility. At Slip 3, the three berths have been used for bulk 

loading and unloading operations for soda ash and pencil pitch (coal tar pitch). Historical activities at Slip 

3 have resulted in discharges of pencil pitch, and concentrations of petroleum (and its constituents) and 

metals have been reported in the sediments at this location. The objectives of the RI are to: determine 

the sources of contamination; identify contaminants of concern; and quantify the horizontal and vertical 

extent of sediment contamination. Mr. Cumberland designed the sampling strategy for surface and 

subsurface sediment collection and the sediment bioassay portion of the investigation. The sediment 

bioassay program was designed to evaluate both potential ,icute and chronic effects on the local 

L WG-PCI0090690 



HOWARD L. CUMBERLAND 
Page 3 

ecological community. The results of the sediment bioassays will be used to assess ecological risks as 

well as assist in determining areas of the site requiring an evaluation of sediment remedial alternatives. 

ll> Water Quality Assessments (1994 ·ongoing). Mr. Howard Cumberland has been the Project Manager 

on over ten water quality assessments during dredging and fill operations. These studies were designed 

to protect water quality during dredging and disposal and included testing of total suspended solids, light 

impedance using a nephelometer, dissolved oxygen, pH, and numerous chemical analytes. His project 

duties have included negotiating water quality permits with resource agencies to help conduct cost

effective and technically reasonable water quality programs, acting as a liaison between the dredge 

operator and resource agencies, designing and conducting water quality programs, preparation of weekly 

and monthly status reports for submittal to resource agencies, and training dredge operators on how to 

perform daily water quality operations. 

ll> Charleston Boatyard, International Port of Coos Bay, Coos Bay, Oregon (1998-ongoing). Mr. 

Cumberland serves as Project Manager for the Rl/FS being conducted at the Charleston Boatyard. This 

facility is under a Consent Order from the Oregon Department of Environmental Quality (DEQ) to 

investigate and remediate contaminated sediments and upland soils. The sediments and soils have been 

contaminated with metals and tributyltin (TBT). Site contaminants are associated with boat hull cleaning, 

repair, and painting activities. Mr. Cumberland acted as the client representative to negotiate the terms 

and conditions of the Consent Order. In addition, Mr. Cumberland is responsible for evaluating the 

contribution made by storm water to the contamination issues and for identifying other sources of 

contamination. He is also overseeing the development of a plan for the remedial investigation, with 

responsibility for establishing the site history, identifying past and present land-use issues, and 

documenting beneficial uses (such as habitat and recreation) of adjacent waters. Future work will include 

developing BMPs to prevent recontamination, working with tenants to implement the BMPs, and 

evaluating the storm water discharge permit, as well as the location of the discharge. 

ll> Southern Oregon Marine (SOMAR), Coos Bay, Coos Bay, Oregon (1998-ongoing). Mr. Cumberland 

serves as Project Manager for the Rl/FS being conducted at the Southern Oregon Marine Shipyard. This 

facility is under a Consent order from the Oregon DEQ to investigate and remediate contaminated 

sediments. The sediments have been contaminated with metals and TBT. Site contaminants are 

associated with typical shipyard activities such as boat hull cleaning, repair, and painting. Mr. 

Cumberland acted as the client representative to negotiate the terms and conditions of the Consent 

Order. Mr. Cumberland designed the remedial ,1ction plan and obtained permits for dredging and 

disposal of the contaminated sediments. Sediments were placed on site ,md used as fill below an asphalt 

capped parking lot. 
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~ Shipyard Redevelopment Permitting, Southwest Marine, Inc., San Diego, California (1997). Mr. 

Cumberland prepared several environmental compliance documents and permits associated with the 

proposed excavation of contaminated sediments and the redevelopment of waterfront structures at 

Southwest Marine (SWM). SWM will excavate 5,000 cubic yards of sediments, which will be placed in an 

upland landfill. SWM will then backfill the excavation above the annual high tide line with clean sand 

from the landfill and cover the area with asphalt. Mr. Cumberland designed this innovative approach, 

which calls for swapping contaminated sediments from the excavation for excess sand left at the landfill 

following construction work, to maximize the use of existing materials and limit costs. 

~ Sediment Characterization, Carrier Vessel Nuclear (CVN) Homeporting Project, Naval Air Station 

North Island, U.S. Navy Southwest Division (1992-1997). Mr. Cumberland was responsible for 

designing and conducting a comprehensive testing program to identify and rank areas of sediment 

contamination in the footprint of a proposed 9-million-cubic-yard dredge. To better characterize the site 

based on the vertical and horizontal extent of contamination, sediment cores were collected on multiple 

occasions from more than 70 locations. Each core was sectioned into three; the subsections were 

observed for appearance and analyzed for grain size distribution, total organic carbon, and toxicity, using 

a solid-phase amphipod bioassay. Mr. Cumberland's interpretation of the resulting data led to the 

delineation of sediment contamination in both the vertical and horizontal planes and ultimately to a 

reduction in the volume of sediments requiring expensive upland disposal. Mr. Cumberland was also 

responsible for evaluating the suitability of the sediments for ocean disposal under requirements outlined 

by the Corps of Engineers in its "Green Book" (Evaluation of Dredged Material Proposed for Ocean 

Disposal). Ocean disposal was deemed acceptable for close to 5 million cubic yards of dredged material. 

Mr. Cumberland also designed and oversaw implementation of a program to monitor the quality of 

receiving water during dredge operations. 

In related actions at the CVN homeport, Mr. Cumberland prepared the marine resources section of an 

environmental impact statement regarding the berthing of a Nimitz-class aircraft carrier. He assessed the 

impacts of dredging the contaminated materials and capping them in a 10-acre, in-water berthing facility. 

Mr. Cumberland's evaluation included an analysis of mitigation alternatives (such as creating eelgrass and 

shallow-water habitat) to offset potentially negative impacts the project could have on tidally influenced 

lands. 

~ Chollas Creek Sediment Characterization Study, Naval Station San Diego, U.S. Navy Southwest 

Division (1995-1997). Mr. Cumberland prepared a sampling and testing plan for submittal to resource 

agencies, served as field supervisor for sediment collection, and assisted in data interpretation and report 

preparation. The sediment characterization was performed in conformance with numerous regulatory 

guidelines and included such testing protocols as the Soluble Threshold Limit Concentration (STLC) and 

Total Threshold Limit Concentration (TILC) procedures, which helped to identify those sediments suitable 
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for ocean disposal and those requiring upland disposal. In addition, Mr. Cumberland was responsible for 

developing a program to monitor water quality impacts during dredging. 

~ Port of Los Angeles Sediment Characterization Study, Los Angeles Harbor, Environmental 

Management Division (1995-1997). In support of the Po~t's long-term planning for its maintenance 

dredging program, Mr. Cumberland served as task manager and field supervisor at six sites in Los Angeles 

Harbor. Overall sediment quality in the project area was determined through the application of bioassay, 

bioaccumulation, chemical, and physical analyses. In accordance with EPA and Corps of Enginee~s 

guidelines, data from these analyses were interpreted to determine appropriate disposal options for the 

dredged material. Mr. Cumberland was also responsible for developing programs to monitor water 

quality impacts during dredging. 

~ Piers 2 and 3, Naval Station San Diego, U.S. Navy Southwest Division (1993-1995). Mr. Cumberland 

developed a comprehensive screening program to identify and rank the vertical and horizontal extent of 

sediment contamination in the footprint of two proposed dredging projects. Sediment cores collected 

from more than 50 locations were sectioned into three parts and analyzed for grain size distribution, total 

organic carbon, and toxicity, using a solid-phase amphipod bioassay. After interpreting the test results to 

identify hot spots, Mr. Cumberland designed a dredging strategy that minimized upland disposal, 

identified other appropriate disposal options, and prevented the mixing of contaminated and 

uncontaminated sediments during dredging. He then developed a program of follow-up testing to ensure 

that the sediments met applicable disposal criteria and to monitor water quality impacts during dredging. 

PUBLICATIONS AND PRESENTATIONS ON WATERFRONT AND SEDIMENT TOPICS 

Cumberland, H.l., B.J. Snyder, and J.A. Timm, 1995. Use of preliminary screening studies to determine 

disposal strategies for dredged material: Validation of the methodology. In R.E. Randall, ed., Proceedings of 

the Western Dredging Association Sixteenth Technical Conference, pp. 245-257. Center for Dredging 

Studies, Texas A&M University, College Station, Texas. 

Cumberland, H.l., B.J. Snyder, and W.C. lester, 1994. Preliminary screening studies for dredge disposal 

options. In E.C. McNair, Jr., ed., Dredging '94: Proceedings of the Second International Conference on 

Dredging and Dredge Material Placement, pp. 342-348, Vol. 1. American Society of Civil Engineers, New 

York, New York. 

Houghton, J.P., D.C. Lees, A.K. Fukuyama, H. Teas Ill, H.L. Cumberland, P.M. Harper, T.A. Ebert, and W.B. 

Driskell, 1992. Evaluation of the 1991 condition of Prince William Sound littoral biota following the EXXON 

Valdez oil spill and subsequent shoreline treatment. U.S. Department of Commerce, National Oceanic and 

Atmospheric Administration Hazardous Materials Section, Contracts No. 50ABNC-1-00086 and 50ABNC- l-

0087. 
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Houghton, J.P., D.C. Lees, H.Teas Ill, H.L. Cumberland, S.W. Landino, W.B. Driskell and T.A. Ebert, 1991. 

Evaluation of the condition of intertidal and shallow subtidal biota in Prince William Sound following the 

EXXON Valdez oil spill and subsequent shoreline treatment. U.S. Department of Commerce, National 

Oceanic and Atmospheric Administration Hazardous Materials Section, Contracts No. SOABNC-0-00121 and 

SOABNC-0-00122. 

Ecological implications of beach nourishment in southern California. Presented to the annual meeting-of the 

California Shore and Beach Preservation Society, Santa Barbara, California. 1997. 

Use of preliminary screening studies to determine disposal strategies for dredged material: Validation of the 

methodology. Presented to the Western Dredging Association Sixteenth Technical Conference, Minneapolis, 

Minnesota. 1995. 

Preliminary screening studies for dredge disposal options. Presented to Dredging '94: The Second 

International Conference on Dredging and Dredge Material Placement, Orlando, Florida. 1994. 
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TAKASHI (TAKU) FUJI, Ph.D. 
Associate Toxicologist 

EDUCATION 
Ph.D., Toxicology, 1997, Oregon State University 

M.S.P.H., Environmental Science and Engineering, 1987, University of North Carolina-Chapel Hill 

B.A., Biology/Ecology and Systematics, 1985, Cornell University 

PROFESSIONAL MEMBERSHIPS 
Member, Society of Environmental Toxicology and Chemistry 

Member, Society of Toxicology 

PROFESSIONAL EXPERIENCE 
Takashi (Taku) Fuji, Ph.D., toxicologist and sediment quality specialist, has over ten years of experience 

working on issues related to risk assessment and sediment contamination at hazardous waste sites. At Hart 

Crowser, Dr. Fuji is responsible for developing and conducting ecological and human health risk assessments 

and designing, implementing, and interpreting biological testing programs. Dr. Fuji has considerable 

experience leading field sampling programs in support of risk assessments and has successfully completed risk 

assessments using national and regional risk assessment guidance in Alaska, Washington, Oregon, and 

California. Additionally, Dr. Fuji has extensive laboratory experience investigating the biotic and physio

chemical factors that influence the bioaccumulation of contaminants from sediments and in the biological 

testing methods used to assess the acute and chronic effects of sediment contaminants on benthic organisms. 

He is an expert in the development, interpretation, and use of sediment quality criteria and standards and has 

led sediment collection efforts under a variety of regulatory programs. 

Dr. Fuji formerly worked as a risk assessor for the State of New Jersey's Division of Hazardous Site Mitigation 

(DHSM), where he developed New Jersey guidance for assessing ecological risks and contaminated 

sediments at hazardous waste sites, provided technical support for ecological risk assessments at CERCLA 

sites, and provided technical reviews of risk assessments submitted to DHSM. In this capacity, he was 

involved in the development and field verification of several food-web models used to evaluate 

bioaccumulation potential and the nature and extent of ecological risks at NPL sites. 
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REPRESENTATIVE PROJECT EXPERIENCE 

.,. Terminal 4, Slip 3, Remedial Investigation/Feasibility Study, Willamette River, Port of Portland, 

Portland Oregon (1998 ·ongoing). Dr. Fuji serves as lead project toxicologist for the Remedial 

Investigation/Feasibility Study (Rl/FS) being conducted at Terminal 4, Slip 3 on the Willamette River. 

Terminal 4 is a ship loading and unloading facility located on the Willamette River. Historical activities at 

Slip 3 have resulted in discharges of pencil pitch and elevated concentrations of petroleum (and its 

constituents) and metals have been reported in the sediments at this location. The objectives of the RI 

are to determine the sources of contamination, identify contaminants of concern, and quantify the 

horizontal and vertical extent of sediment contamination. Dr. Fuji designed the sampling strategy for 

surface and subsurface sediment collection and the sediment bioassay portion of the investigation. The 

sediment bioassay program was designed to evaluate both potential acute and chronic effects on the 

local ecological community. The results of the sediment bioassays will be used to assess ecological risks 

as well as assist in determining areas of the site requiring an evaluation of sediment remedial alternatives . 

.,. River Terminals 1, 2, 4, 5 and 6, Willamette River, Port of Portland, Portland Oregon (1996·1999). 

Dr. Fuji serves as task manager for these dredged material characterization projects. The objectives of 

these studies were to determine disposal options for sediment dredged during the course of routine 

maintenance dredging activities required to maintain navigational depths at the Port's facilities. Dr. Fuji 

was responsible for preparing sampling and analysis plans that meet regulatory approval; collecting, 

sectioning, and logging representative sediment cores for characterization; designing and interpreting 

biological toxicity testing regimes for these sediment samples, including selection and coordination with 

bioassay laboratory subcontractors; preparing a final report that summarizes the physical and chemical 

characteristics of the dredged material; and conferring with the port and regulatory agencies to determine 

appropriate disposal options. These dredge material characterization studies were conducted in 

accordance with the Lower Columbia River Management Area (LCRMA) Dredged Material 

Characterization Guidance . 

.,. Georgetown Facility, Philip Services Corp., Seattle, Washington (1999 - ongoing). Dr. Fuji is 

responsible for designing and implementing an ecological risk assessment as part of this RCRA site 

closure. The site has groundwater contaminated with chlorinated solvents and the primary exposure 

pathway for ecological receptors is the migration of groundwater to the Duwamish Waterway. This 

ecological risk assessment will be developed in accordance with EPA RCRA ,rnd CERCLA guidance and 

Draft Washington State Department of Ecology MTCA protocols . 

.,. Distant Early Warning (DEW) Line Stations at Cape Sabine and Point Mcintyre, Alaska (1997 - 2000). 

Dr. Fuji was responsible for designing ,rnd implementing baseline human he.11th and ecological risk 

assessments at these two decommissioned remote DEW line sites. These risk assessments were 

developed in accordance with the Alaska Department of Environmental Conservation (ADEC) Risk 

L WG-PCI0090696 



TAK.ASH! (TAKU) FUJI, Ph.D. 

Page 3 

Assessment Guidance Manual. The goals of these risk assessments were to develop appropriate cleanup 

levels based on the future land use of the sites and to assist the Navy in completing closure of these sites. 

Dr. Fuji also led the supplemental field investigations at both of these sites to address data gaps identified 

in an evaluation of existing analytical data available to support these risk assessments. The primary 

contaminants of concern at these sites are TPH, pesticides/PCBs, and metals. These risk assessments 

have been approved by ADEC and Hart Crowser is currently developing management plans for the Navy 

at these two sites. 

II>- Haines Fuel Terminal, Haines, Alaska (1998 -1999;. Dr. Fuji was responsible for providing technical 

review of the "Draft Risk Assessment Report for Haines Fuel Terminal" and "Alternative Cleanup Level 

Development Work Plan" prepared for this site for ADEC. The objective of this review was to ensure that 

this work plan was developed in accordance with applicable EPA risk assessment guidance and the ADEC 

Risk Assessment Procedures Manual. 

II>- Alyeska Pipeline Sites - Toolik Camp Risk Assessment; Franklin Bluffs Camp Risk Assessment; Happy 

Valley Camp Risk Assessment; and Prospect Camp Risk Assessment, Alaska (1998). Dr. Fuji was 

responsible for providing a technical review of these four risk assessment for ADEC. The objective of 

these reviews were to ensure that these risk assessments were developed in accordance with applicable 

EPA risk assessment guidance and the ADEC Risk Assessment Procedures Manual. 

II>- Former White Alice Site at Tin City, Alaska (1997 - 1999). Dr. Fuji designed and implemented a human 

health and ecological risk assessment at this remote Alaskan site using the ADEC Risk Assessment 

Guidance Manual. The goals of this risk assessment were to develop appropriate cleanup levels based on 

the future land use of the sites and to assist the Navy in completing closure of these sites. The primary 

contaminants of concern at this site are TPH and PCBs. The risk assessments were approved by ADEC 

and the Navy has achieved closure of this site. 

II>- Naval Field Station at Cape Prince of Wales, Alaska (1997 -1999). Dr. Fuji was Project Manager for 

evaluating the existing analytical data at this site; identifying data gaps; supervising a supplemental field 

investigation for collecting additional surface and subsurface soil and groundwater data; and designing 

and conducting a human health and ecological risk assessment. The site is located adjacent to a native 

village and the risk assessment involved evaluating potential human health risks associated with the native 

subsistence lifestyle. Primary contaminants of concern at this site were TPH, PCBs, and dioxins. The risk 

assessments have been approved by ADEC and the Navy has achieved closure of this site. 

II>- RMAC International, Troutdale, Oregon (1998-1999). Dr. Fuji conducted the Level 1 and Level 2 

ecological risk assessment and provided technic.11 oversight on the human health risk assessment at the 

RMAC lntern,1tional site. The purpose of this risk assessment was to evaluate residual contamination at 

the site following a removal ,Ktion and were conducted consistent with Oregon Department of 
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Environmental Quality (DEQ) guidance. These risk assessments were conducted to evaluate whether the 

site-related contamination remaining at the site would pose an unacceptable risk or hazard to human 

health or the environment. The risk assessment evaluated industrial and short-term construction workers 

and existing ecological receptors that may be exposed to contamination at the site . 

.,_ Grand Auto Supply, Oakland, California (1997). Dr. Fuji conducted a human health risk assessment at 

this site to meet closure requirements of the Alameda County Health Care Services Agency and the 

California Regional Water Quality Control Board. Exposure pathways that were quantitatively assessed 

were the inhalation of vapors volatilizing from subsurface soils and the inhalation of vapors volatilizing 

from groundwater. The chemicals evaluated in this risk assessment were BTEX and halogenated volatile 

organic compounds . 

.,_ Great Sitkin Island, Alaska (1996 - 1997). Dr. Fuji served as lead scientist for the preparation of the 

human health and ecological risk assessment work plan for the Phase II RI for this site. The work plan 

included preliminary screening level human and ecological risk assessments utilizing the existing Phase I 

RI data. This screening level effort was used to focus the sampling requirements for the Phase II RI. 

Additionally, target indicator species were selected for the ecological risk assessment and a food web 

model developed to evaluate trophic transfer of site contaminants. TPH is the primary contaminant of 

concern at this site . 

.,_ Former Explosives Manufacturing Site, DuPont, Washington (1997). Dr. Fuji developed a work plan 

and provided technical support for a study designed to evaluate the risks to local small mammal 

populations from exposure to surface soil containing heavy metals and ordnance compounds. The study 

was designed to determine whether a dose-response relationship exists between the occurrence of lead

induced renal inclusion bodies in shrew species and concentration of lead in soil. 

""' Colman Dock, Washington State Department of Transportation, Seattle, Washington (1996). The 

overall goal of this project is the evaluation of remedial options for contaminated sediments; Dr. Fuji was 

responsible for the sediment bioassays that are a precursor to that evaluation. To this end, he developed 

QA/QC specifications for sediment bioassays under the Puget Sound Estuary Protocols (PSEP) and the 

state's Sediment Management Standards (SMS) programs. In addition, Dr. Fuji was responsible for design 

and oversight of the sediment collection and processing efforts. He also performed the data validation for 

sediment bioassays and provided technical support to the remedial investigators in interpreting the test 

results . 

.,_ Manchester Annex Rl/FS, U.S. Army Corps of Engineers, Manchester, Washington (1996). For work at 

this NPL site, Dr. Fuji served ,1s project toxicologist and provided technical support for a revised 

ecological risk ,1ssessment. In addition, Dr. Fuji evaluated and interpreted data from the sediment 

bioassays ,lfld in situ bio,iccumulation studies that were earlier performed as part of the Phase I remedial 
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investigation, including reviewing project documents and responding to comments received from 

regulatory authorities. 

PUBLICATIONS AND PRESENTATIONS 

Fuji, T., 1999. Population Level Ecological Risk Assessment for Developing Groundwater Cleanup levels. 

Presented at the Norwest Environmental Conference, Portland, OR. November 2-3, 1999. 

Fuji, T., 1997. Biotic and Abiotic Factors Influencing the Bioavailability of Sediment-Associated Phenanthrene 

to Marine Amphipods. Doctoral dissertation. Toxicology program. Oregon State University. 

Fuji, T., 1995. "A Comparison of the Accumulation of Phenanthrene by Marine Amphipods in Water vs. 

Sediment." Second Society of Environmental Toxicology and Chemistry (SETAC) World Congress, Vancouver, 

British Columbia, Canada. November 5-9, 1995. 

Fuji, T. and L. R. Curtis, 1993. "Effect of Dissolved Organic Macromolecules on the Accumulation of Dieldrin 

by Guppies (Poedlia reticulata)." Annual Meeting of the Pacific Northwest Chapter of SETA(, Hatfield Marine 

Science Center, Newport, Oregon. May 20-22, 1993. 

Fuji, T. and L.J. Weber, 1997. Effect of Changes in Overlying Water on the Accumulation of Sediment

Association Phenanthrene by Marine Amphipods. Presented at the SET AC 18th Annual meeting; San 

Francisco, CA. November 16-20, 1997. 

Fuji, T. and L. J. Weber, 1996. "Effect of Burrowing Behavior on the Accumulation of Sediment-Associated 

Contaminants by Marine Amphipods." The Toxicologist. Vol. 30, No. 1, Part 2. March 1996. 

Fuji, T. and l. J. Weber, 1994. "Bioaccumulation of Sediment-Associated Phenanthrene by Three Species of 

Marine Amphipods." Annual Meeting of the Pacific Northwest Association of Toxicologists, Hatfield Marine 

Science Center, Newport, Oregon. October 7-8, 1994. 
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SHANNON DUNN 
Staff Sediment Quality Specialist 

EDUCATION 
M.S., Marine Environmental Science, 1998, State University of New York-Stony Brook 

B.S., Geology, 1993, University of Michigan-Ann Arbor 

PROFESSIONAL WATERFRONT AND SEDIMENT EXPERIENCE 
Ms. Dunn is a sediment quality specialist who applies her background in the sciences of geology and 

geochemistry to the solution of practical problems associated with the remediation of contaminated 

sediments. Combining field observations with predictions made through mathematical modeling, Ms. Dunn is 

able to examine such questions as how the activity of benthic organisms in sediments affects the diffusion of 

chemicals. In addition, Ms. Dunn applies her laboratory skills to the determination of sediment characteristics 

and, most recently, to the treatment and stabilization of contaminated sediments. Ms. Dunn is skilled at 

interpreting chemistry data both to evaluate the nature and extent of sediment contamination and to identify 

concentrations in excess of numerous federal and regional regulatory criteria. 

REPRESENTATIVE WATERFRONT AND SEDIMENT PROJECT EXPERIENCE 

... Claremont Channel Deepening Project, Hugo Neu Schnitzer East (HNSE), Jersey City, New Jersey 

(1999). HNSE, a metal recycling firm located along the channel, is proposing to dredge the channel so 

that deeper-draft vessels will have access to its piers. Ms. Dunn, who serves as the project chemist, wrote 

the sampling and analysis and quality assurance plans for a field program to collect sediment samples for 

the purpose of permitting; evaluated competing analytical laboratories; and coordinated the selection of 

chemical and physical ,rnalytical methods used by the project laboratory. In addition, she is responsible 

for evaluating the test results and compiling them in a summary report. Ms. Dunn also implemented a 

pilot program to determine the potential for amendments to increase the strength of the dredged 

material, which will be beneficial.ly reused, and aided in preparing the application for dredging permits. 

... Confidential Client, Massachusetts (1999). Ms. Dunn interpreted geological information for a site 

located on ,1 river in M,1ssachusetts. Using the conceptual model of site geology, Ms. Dunn helped to 

identify potential contaminant migration pathways at the site. 
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..,. St. Paul Wateiway, Simpson-Tacoma Kraft Paper Company, Tacoma, Washington (1999). For this 

project to design a nearshore confined disposal facility, Ms. Dunn was responsible for analyzing sediment 

quality data, interpreting the data in light of regulatory criteria, and preparing a summary report in accord 

with requirements of the Puget Sound Dredged Disposal Analysis (PSDDA) program . 

..,. Hylebos Wateiway Data Evaluation, Port ofTacoma, Tacoma, Washington (1998). Sediments at this 

site are contaminated with polycyclic aromatic hydrocarbons (PAHs) and metals. Ms. Dunn was 

responsible for evaluating existing chemical data to determine the nature and location of contaminant 

concentrations that exceeded applicable regulatory criteria. The results of her analysis aided in 

determining what portions of the site required remediation, as well as the need for continued 

investigation of contaminant types, levels, and sources . 

..,. Metal Bank Superfund Site, PRP Group, Philadelphia, Pennsylvania (1998). At this former metals 

recycling facility located on the banks of the Delaware River, river sediments and upland areas are 

contaminated with polychlorinated biphenyls (PCBs) from the recycling of 1970s-era transformers and 

transformer oils. In support of pre-remedial design activities, Ms. Dunn was responsible for writing the 

sampling and analysis plan and the quality assurance plan, which incorporated the specific concerns of 

both the potentially responsible parties (PRPs) and the EPA. She also wrote the health and safety plan to 

address site-related safety concerns . 

..,. Port of Portland, Portland, Oregon (1998). The Port of Portland proposed dredging to provide deeper

draft vessels with berth access. Ms. Dunn assisted in the field program to collect sediment samples for 

chemical and physical analyses, subject to requirements in the Dredged Material Evaluation Framework 

for the Lower Columbia River Management Area. She also wrote a summary report of the analytical data 

derived from the field program . 

..,. Nearshore Confined Disposal facility (CDF), River Terminal Development Corporation, South Kearny, 

New Jersey (1998). In support of feasibility evaluations for the design and permitting of the first 

nearshore CDF in New York Harbor, Ms. Dunn was responsible for evaluating the nature and extent of 

contaminants detected in preliminary sediment characterization samples . 

..,. Thea Foss and Wheeler-Osgood Waterways Remedial Design, City of Tacoma, Tacoma, Washington 

(1998). Because of the variety of inputs along this waterway, there are several organic and inorganic 

constituents of interest in the sediments. As part of a complex remediation that encompasses multiple 

solutions, some contaminated sediments will be capped in place or removed to a confined disposal site. 

To support a determination of the feasibility of capping in place, Ms. Dunn was responsible for 

developing and executing a model to predict the effects that the action of benthic organisms living in the 

clean-sediment cap will have on its long-term integrity. 
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~ Contaminant Diffusion Patterns, State University of New York-Stony Brook (1996-1998). As a 

research assistant, Ms. Dunn measured the diffusion rates of various organic and inorganic constituents in 

marine sediments. To support field observations, she constructed mathematical models designed to 

reproduce diffusion patterns. Her field work included a research cruise on the Amazon River, during 

which Ms. Dunn was responsible for examining sediment outputs from the river to determine the nature 

of chemical reactions occurring in surface sediments along the coast. 

PUBLICATIONS 

Dunn, S.M. and R.C. Aller, 1997. Horizontal and vertical transport of solutes in the bioturbated zone of Long 

Island Sound. Geology of Long Island and Metropolitan New York, Program with Abstracts, 60. 

Dunn, S.M. and R.C. Aller, 1996. Horizontal and vertical transport of solutes in the bioturbated zone of 

marine sediments. Abstracts with Programs, Geological Society of America, vol. 28, 470. 

Dunn, S.M., T.D. Frank, K.C. Lohmann, and B.H. Wilkinson, 1994. Petrographic and isotopic study of the 

Fernvale limestone (Upper Ordovician), Arkansas: Evidence for hydrothermal alteration. Abstracts with 

Programs, Geological Society of America, vol. 26, 496. 
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HART CROWSER, INC. 

GREGORY E. KUPILLAS 
Senior Project Hydrogeologist 

EDUCATION 
B.A. Geology, 1983, University of Oregon 

M.S. Hydrology, 1988, University of Arizona 

PROFESSIONAL REGISTRATION AND AFFILIATIONS 
Registered Professional Geologist, State of Oregon, No. G 1384 

Certified Water Rights Examiner, State of Oregon, No. 432WRE 

National Groundwater Association 

Oregon Groundwater Association, Board Member 

PROFESSIONAL EXPERIENCE 
Mr. Kupillas has a broad background in environmental services and water resources encompassing over 

thirteen years of experience working in both the private and public sectors. He is a registered geologist in 

Oregon and has a masters degree in hydrology and water resources. Mr. Kupillas has gained extensive 

experience involving the evaluation and protection of groundwater resources through his participation in a 

wide variety of projects including both large and small environmental remedial investigations, regional aquifer 

studies, and local groundwater characterizations. He has served as project and task manager for numerous 

environmental remediation projects and groundwater investigations for both private and government clients. 

He has conducted a wide variety of field activities associated with environmental site assessments, 

remediation projects, and groundwater and surface water investigations including soil and groundwater 

sampling, groundwater monitoring well design and installation, and aquifer pump testing and analysis. Mr. 

Kupillas also has experience in preparing environmental impact statements. 

REPRESENTATIVE PROJECT EXPERIENCE 

Environmental Site Assessment and Remediation 

.., Northwest Industries, Albany, Oregon. Project manager for remedial investigations and interim remedial 

actions for soil and groundwater contaminated with chlorinated voes at a specialty metals fabricating 

and 111,Khining facility in Albany, Oregon. Coordinated and managed extensive site characterization 

activities including investig,1tion of the source ,1rea, part of which remains beneath the existing building, 

and an off-site groundwater investigation including collection of depth-selective groundwater samples 
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from multiple aquifers. Managed ongoing operation and maintenance and discharge monitoring of an 

existing interim corrective measures (ICM) groundwater recovery and treatment system. Ongoing 

activities for the project include completion of the Remedial Investigation report, construction of the 

source area remedy vapor extraction system, and preparation of the risk assessment and feasibility study 

for the site. 

II> Mountain Fir Lumber Company, Independence, Oregon. Task Manager assisting the Oregon DEQ with 

ongoing interim remedial actions at a former lumber mill. Provide oversight and coordination for routine 

groundwater monitoring and O&M services for a pump-and-treat interim remedial action measure (IRAM) 

system installed at the project site to remediate pentachlorophenol contamination in the shallow aquifer. 

Ongoing activities include managing the design and construction of the proposed expansion of the IRAM 

system, including addition of up to eleven new groundwater recovery wells and construction of necessary 

upgrades to the groundwater treatment system. 

II> Areawide Groundwater Contamination Assessment, City of Lebanon, Oregon. Task Manager assisting 

the Oregon DEQ in an areawide investigation of groundwater contaminated with chlorinated solvents in 

the Lebanon Study Area, designated as a high priority, state orphan site. Coordinated and supervised a 

regional groundwater monitoring program, including collection and analysis of groundwater samples from 

numerous residential drinking water and groundwater monitoring wells. Evaluated groundwater 

monitoring results and other data from previous area studies to identify data gaps and make 

recommendations for additional monitoring well locations. Managed the installation of 28 new 

monitoring wells at locations throughout the city. Ongoing activities include continued areawide 

groundwater sampling, identification of source areas, and evaluation of interim remedial actions. 

• Site Characterization/Removal Assessment, Former Tire Recycling Facility, Troutdale, Oregon. Task 

Order Manager assisting the Oregon DEQ in assessing the nature and extent of potential site 

contaminants, including VOCs, heavy metals, and PAHs, and evaluating source removal options at a 

former tire chipping and gasification facility. Prepared a site assessment work plan involving several 

phases of site characterization ,Ktivities including exploration test pits, push probe soil and groundwater 

sampling, groundwater monitoring well construction and sampling, and sediment and surface water 

sampling. Completed the site assessment field work, conducted an evaluation of removal options, and 

prepared a site characterization and removal assessment report. Continuing activities for the project 

include completion of a risk assessment for the site. 

II> Fuel Pipeline Release Site, Washington County, Oregon. Project Manager for remediation of a large fuel 

product release from ,1 main delivery pipeline adjacent to a river. Managed continuing operations of an 

older, existing groundwater extr,1ction and treatment system, and installed a series of recovery wells 

designed to more aggressively remove free product and prevent further migration of the contaminants 
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toward the river. Managed construction of a new, significantly upgraded groundwater recovery and 

treatment system. 

.. Industrial Facility, Portland, Oregon. Project Manager for a site characterization of an industrial solid 

waste landfill to assess the presence of hazardous substances in landfill materials and investigate the 

potential for impacts to groundwater beneath the site. Supervised all aspects of the project work, 

performed project management tasks including scheduling, contracting, and budget management, and 

participated in the development of regulatory strategies for achieving ultimate closure of the landfill. 

.. U.S. Army Base, Fort Huachuca, Arizona. Project Hydrogeologist for site characterizations of two UST 

sites, three RCRA sites, and one CERCLA site on the military installation. Supervised all field activities and 

prepared the investigation reports for the project. Also performed many project management functions 

including budget management, contract negotiation, and routine client contact. 

.. Municipal Utilities Company, Los Angeles, California. Site Hydrogeologist responsible for supervision of 

contractors and subconsultants during drilling and monitoring well construction for the investigation of 

TCE-contaminated groundwater in the San Fernando Valley, California. Supervised construction of deep 

groundwater monitoring wells. 

.. Petroleum Products Distribution Terminal, long Beach, California. Project Hydrogeologist and site 

health .rnd safety officer for soil contamination assessment at a tank farm facility. Organized and 

supervised field work associated with soil sample collection from approximately 60 soil borings on the 

facility. 

Hydrology and Water Resources 

• Peer Evaluations of Hydrogeology Reviews, Marion County, Oregon. Currently under subcontract with 

P.Kific Hydro-Geology, Inc., to assist in peer evaluations of Hydrogeology Reviews prepared as required 

for cert,1in property partitions under Marion County's Chapter 181 Sensitive Groundwater Overlay Zone 

ordin,rnce. The peer evaluations involve an assessment of the adequacy of hydrogeology reports that 

h.we been prep.Hed by others to demonstrate to Marion County that sufficient groundwater supplies are 

,1v,1il,1ble for cert.1in proposed developments. 

• Mineral S.mds Mining Project, Coos County, Oregon. Project Hydrogeologist involved in obtaining the 

11t'cess,1ry permits to mine mineral sands from marine terrace deposits south of Coos Bay. Developed 

pl,rns for conducting baseline surface water and groundwater studies in accordance with Oregon 

Dep.1rt11w11t of Geology ,rnd Mineral Industries (DOGAMI) guidance. Obtained a water right for 

diversion of 111i11i11g process water from Three Mile Creek. 
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..,. Groundwater Supply for Fish Rearing, Tacoma Public Utilities, Green River Pipeline Headworks, 

Washington. Hydrogeologist assisting in a groundwater availability assessment for a fish rearing facility. 

The project was initiated as mitigation for construction of the Tacoma Pipeline No. 5 within the Green 

River Watershed. Conducted a step-drawdown pumping test and 24-hour constant rate pumping test on 

a 150-feet-deep production/test well. 

..,. Steel Manufacturing Plant, Portland, Oregon. Project Manager for a mixing zone evaluation of an 

industrial process water discharge into the Willamette River. Conducted a numerical discharge-dilution 

model in accordance with Oregon DEQ guidance to evaluate the mixing characteristics and downstream 

total dissolved solids concentrations of the effluent. 

..,. Fertilizer Distributor, Shedd, Oregon. Project Manager for a groundwater investigation to determine the 

local aquifer characteristics and investigate the potential for nitrate contamination. Supervised the 

installation and sampling of groundwater monitoring wells, conducted an aquifer pumping test, and 

prepared a groundwater characterization report for the site. Worked together with groundwater 

modeling specialists to develop a predictive contaminant transport groundwater model for the project 

site . 

..,. Columbia Plateau Region, Oregon. Hydrologic Technician for the U.S.G.S. involved in the Regional 

Aquifer Systems Analysis project for the Columbia Plateau. Collected field data, made geologic 

interpretations from available driller's reports, and developed geologic maps for use in the development 

of a large scale groundwater computer model for the Columbia River Basalt aquifers in northeastern 

Oregon and southwestern Washington . 

..,. Warm Springs Indian Reservation, Oregon. Hydrologic Technician for an evaluation of surface water 

and groundwater resources available to the Reservation for the purposes of water rights adjudication. 

Interacted with Tribe officials, located unplotted groundwater wells, and gathered water level data across 

the entire Reservation . 

..,. Mckenzie River, Oregon. Hydrologic Technician. Conducted a temperature survey of a 30-rnile stretch 

of the Mckenzie River to evaluate possible temperature effects on fish habitats resulting from the 

discharge of irrigation water to the river from a larger diversion canal. 

Regulatory Compliance 

..,. Compliance Observation and Oversight, Naval Air Facility Adak, Alaska. Provided environmental 

support to the U. S. Navy including monitoring, advising, training, and evalu,11ing the performance of the 

new island caretaker ,111d various other contractors performing work as part of the Base Realignment and 

Closure (BRAC) program. Focused primarily on providing oversight for drinking water and wastewater 

L WG-PCI0090706 



GREGORY E. KUPILLAS 

Page 5 

treatment systems, storm water systems, solid waste disposal activities, fuel recovery from contaminated 

groundwater, and various Installation Restoration (IR) projects . 

.,.. Spill Prevention Countermeasure and Control (SPCC) Plans, Wood Products Company, Oregon and 

Washington. Prepared SPCC Plans in accordance with Title 40 of the Code of Federal Regulations (CFR), 

Part 112 - Oil Pollution Prevention, for 13 wood products facilities in Oregon and Washington. 

Conducted all phases of plan preparation, including site inspections, interviews with facility personnel, 

development of spill prevention and control protocols, and document preparation . 

.,.. SPCC Plan, Bulk Fuel Terminal, Portland, Oregon. Prepared an SPCC plan for a bulk fuel terminal 

located in north Portland. Required developing the appropriate spill prevention protocol for a large and 

complex system of above-ground storage tanks, associated piping and valves, secondary containment 

areas, and storm water runoff systems . 

.,.. Storm Water Pollution Prevention Plans (SWPPPs), Wood Products Company, Washington. Prepared 

SWPPPs for six lumber mill sites in Washington in accordance with the requirements of the General 

Storm Water Baseline Permit issued by the Washington State Department of Ecology. Preparation of the 

SWPPPs included performing a visual reconnaissance of each site to document potential pollutant 

sources and routes for storm water runoff, developing site-specific protocol for pollution prevention at 

each site, and preparing the plan documents . 

.,.. Phase I Environmental Site Assessments, Numerous Clients, Oregon and Washington. Completed 

Phase I Environmental Site assessments for over 30 industrial, commercial, and undeveloped properties in 

accordance with the American Society of Testing and Materials (ASTM) guidelines. Conducted all tasks 

required for completion of Phase I Site Assessments, including site reconnaissance, agency file review, 

personal interviews, review of historical documentation, and preparation of reports. 

PUBLICATIONS 

Kupillas, G.E. and Arnold, R.G., 1988. "A Multiparzuneter Toxicity Test Using Salmonella typhimurium, 

presented at the 15th Annual Aquatic Toxicity Workshop, Montreal, Canada, November 28-30, 1988. 

Kupillas, G.E., K.E. Pill, F.W. Picardal, and R.G. Arnold, 1991. "A Multiparameter Toxicity Test Using Salmonella 

typhimurium and Spirocheata ,1LJr,111tia," Environment.:il Toxicology and Water Quality: An International 

Journal, Vol. 6, p. 293-307. 
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Pill, K.E. 1 G.E. Kupillas, F.W. Picardal, and R.G. Arnold, 1991. "Estimating the Toxicity of Chlorinated 

Compounds Using a Multiparameter Bacterial Bioassay," Environmental Toxicology and Water Quality: An 

International Journal, Vol. 6, p. 271-291. 
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14.0 HART CROWSER PERSONNEL TECHNICAL BACKGROUND 

Hart Crowser 
)·5792·07 

This section presents the technical background for key Hart Crowser personnel 

involved in the Port's Site Investigation and report preparation. Resumes are 

attached for the following individuals: 

Name Position 

Philip Spadaro 
Senior Principal Sediment 
Quality Specialist 

Richard Moore/ R.G. 
Senior Associate Environmental 
and Regulatory Specialist 

Stuart Albright P.E 
Senior Associate Ceotechnical 
Engineer 

Taku Fuj~ Ph.D. 
Associate Toxicologist 

Carl Einberger 
Senior Associate Hydrogeologist 

Sara Graalum/ El T. 
Senior Staff Coastal/Sediment 
Remediation Engineer 

Howard Cumberland 
Associate Sediment 
Quality Specialist 

Shannon Dunn 
Sediment Quality Specialist 

Greg Ku pi/las/ R. G. 
Senior Project Hydrogeologist 

Areas of Responsibility 

Senior Technical Review 

Project Manager and Report Coordination 

Geotechnical Analysis and Slope Hazard 
Mitigation Feasibility Study 

Risk Assessment, Bioassay Testing 
Coordination, Sediment Chemistry, and 
Ecological Evaluation 

Hydrogeology and Groundwater 
Contaminant Transport Modeling 

Dredged Material Disposal Modeling 

Sediment Chemistry and Bathymetric 
Analysis 

Soil, Sediment, Groundwater, and Surface 
Water Chemistry, Analytical Laboratory 
Coordination, and Data Validation 
Coordination 

Field Exploration Manager 
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HART CROWSER, INC. 

PHILIP A. SPADARO 
Senior Principal 

Sediment Quality Specialist 

Director of Port and Harbor Services 

EDUCATION 
M.S., Geochemistry, 1983, University of Chicago 

S.S., Chemistry, 1981, Cook College, Rutgers University 

PROFESSIONAL MEMBERSHIPS 
Member, American Chemical Society 

Member, Western Dredging Association 

Member, Society of Environmental Toxicology and Chemistry 

PROFESSIONAL WATERFRONT AND SEDIMENT EXPERIENCE 
Mr. Spadaro is a senior principal of Hart Crowser and manager of its sediment remediation and port and 

harbor services. He has 15 years of experience applying a balanced blend of nationally respected technical 

expertise and efficient, goal-oriented project management skills to projects where sediment quality is a 

prominent issue. His sediment practice concentrates on the fate and transport of contaminants within 

estuaries and on the design and implementation of effective remedial actions, including the confined disposal 

of contaminated sediments, with particular emphasis on waterfront development and redevelopment projects. 

Technically based in environmental chemistry with strong proficiency in hydrogeology, geology, regulatory 

affairs, and remediation technologies, Mr. Spadaro plans projects for efficient, fast-paced, and quality-minded 

execution. He recognizes that careful project planning, organization, and scheduling will reduce costs and 

result in higher-quality outcomes for Hart Crowser's clients. He combines this philosophy with a thorough 

understanding of the ways in which historical site uses relate to specific contamination mechanisms and 

transport pathways, providing clients with insightful, technically appropriate project services. Mr. Spadaro's 

projects typically require coordination and negotiation with multiple, overlapping regulatory agencies, an 

intricate undertaking that requires meticulous planning and a strong, scientifically sound technical approach. 

He is expert at budget control, managing aggregate expenditures ranging to $4 million per year. 
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REPRESENTATIVE WATERFRONT AND SEDIMENT PROJECT EXPERIENCE 

~ Contaminant Mobility Investigation and Dredging Feasibility Study, Confidential Client, Massachusetts 

(1998-ongoing). Mr. Spadaro serves as the technical specialist regarding issues of contaminant mobility 

and remedial alternatives for the evaluation of two historical manufactured gas plants (MGPs) located in 

Boston and New Bedford, Massachusetts. Both sites are regulated under the Massachusetts State 

cleanup program. Hart Crowser is assisting the owners and prime consultants in their assessment of oil

releasing sediments; key to both investigations is an evaluation of non-aqueous phase transport from 

upland areas to sediments, from sediments to the water column, and through the water column off site to 

nearby estuaries. To accomplish this analysis, Hart Crowser is evaluating existing data, proposing 

additional data gathering to close gaps, and assisting in the development of a focused feasibility study for 

remedial action at both sites. State agencies are currently predisposed toward dredging as the solution 

(that is, the removal of oil-containing sediments). Mr. Spadaro is advocating a careful approach to 

dredging, despite regulatory pressures for a speedy but possibly inappropriate solution, and evaluating 

other technologies-such as capping, natural recovery, and control of non-aqueous phases-both to 

determine the best available technical approach and to control potential costs. 

~ Grand Calumet River/Indiana Harbor Ship Canal, PRP Group, East Chicago/Gary/Hammond, Indiana 

(1997-ongoing). Mr. Spadaro is a technical specialist for the evaluation of remedial alternatives in a 

Natural Resource Damage Assessment (NRDA) of the Grand Calumet River/Indiana Harbor Ship Canal. 

He is assisting the project team, which is based in Hart Crowser's Chicago office, by identifying gaps in 

the existing data set; defining the need for further technical studies; interpreting existing chemical and 

physical testing data; establishing the history of dredging and sediment deposition in the waterways; and 

providing strategic guidance to the PRP group. Sampling and data evaluation are now ongoing. 

~ Claremont Channel Deepening Project, Hugo Neu Schnitzer East (HNSE), Jersey City, New Jersey 

(1997-ongoing). This project, a public-private partnership among the State of New Jersey, the City of 

Jersey City, HNSE (a major metal recycling firm), and Liberty National Development Corporation, 

incorporates several phases associated with improvements in the Claremont Channel. Key elements of 

the proposed effort include dredging 1.25 million cubic yards of contaminated sediments and beneficially 

using the dredged material to create five acres of intertidal habitat, as well as to cap two former upland 

industrial properties and grade a new golf course. Dredged material employed at the upland sites and in 

the golf course will be amended with PROPAT®, a product manufactured by HNSE from auto shredder 

residue, a recycled material. Mr. Spadaro serves ,1s a technical specialist regarding matters of dredging 

design, CDF design, bench-scale and pilot-scale mixing studies, permitting, and project funding, which will 

include state bond funds ,rnd funds designated for demonstrating the efficacy of new remediation 

technologies. To date, initial bench-scale testing of the dredged material/PROPAT® mix has been 

completed, and a preliminary design for the CDF has been submitted to the Corps of Engineers and the 
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State of New Jersey for permitting. A major field investigation will shortly be implemented, and additional 

bench-scale, as well as pilot-scale, testing will be performed . 

..,. Nearshore Confined Disposal Facility (CDF), River Terminal Development Company, Kearny, New 

Jersey (1996-ongoing). Mr. Spadaro serves as a technical specialist for the permitting and conceptual 

design of the first CDF in the New York-New Jersey area being constructed specifically to contain 

contaminated sediments. In the early project stages, Mr. Spadaro's responsibilities include negotiating 

with the Corps of Engineers and regional regulators (including the New Jersey Department of 

Environmental Protection) to secure the necessary permits. Mr. Spadaro is also leading discussions with 

local environmental groups to develop support for the opportunity to remediate severely contaminated 

sediments, which will result in some habitat destruction, as well as to redevelop an important waterfront 

facility. His ongoing participation includes assessments of contaminant mobility and habitat mitigation 

requirements . 

..,. Harbor Island Sediments Superfund Site, Lockheed-Martin, Seattle, Washington (1994-ongoing). Mr. 

Spadaro served as Project Manager for work undertaken on behalf of a PRP. He reviewed the EPA's 

Rl/FS documents, developed supplemental remedial investigation strategies, and negotiated the 

statement of work and administrative order on consent with the EPA. Technical aspects of the work 

included surface and subsurface sediment sampling, biological evaluations, and natural recovery analysis. 

Through its work on the supplemental remedial investigation, Hart Crowser was successful in 

demonstrating to the EPA that large-scale active remediation (i.e., dredging) was unnecessary, thus 

reducing the projected costs of remedial action by more than a factor of ten . 

..,. Thea Foss and Wheeler-Osgood Waterways Pre-Remedial Design, City of Tacoma, Tacoma, 

Washington (1994-ongoing). Mr. Spadaro is Project Manager for the sediment remedial design 

component of this large-scale waterway redevelopment. The 8,000-foot-long waterway receives 

considerable storm drainage, as well as direct discharges from adjacent industries. Because of the variety 

of inputs, there are several organic and inorganic constituents of interest in the sediments. Technical 

elements of the remedial design included an evaluation of source control measures, a natural recovery 

analysis, an evaluation of potential disposal sites, a hydrographic survey, and the development of habitat 

mitigation plans. The remediation concept includes natural recovery in the mouth of the waterway, 

enhanced natural recovery in its middle section, and more active remediation at the head of the 

waterway. Several alternatives are under consideration for the active remediation, including capping the 

contaminated sediments in place or removing them to a confined aquatic, nearshore, or upland disposal 

site. 
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• Blair, Sitcum, and Milwaukee Waterways Cost-Recovery Action, Attorneys for the Port of Tacoma, 

Tacoma, Washington (1995-1997). In support of litigation and cost-recovery actions, Mr. Spadaro 

investigated the origins of sediment contamination in the waterways and adjacent upland properties and 

developed dredging and sediment contamination chronologies. To this end, Mr. Spadaro implemented a 

methodology structured to capture available literature and documentation, including such sources as Port 

contract records, Corps of Engineers files, previous investigations, aerial photographs, and personal 

interviews. Once gathered, the historical information was then correlated with sediment contamination 

profiles to provide technical grounds for legal action against insurers and other PRPs. The work 

culminated with Mr. Spadaro's testimony as an expert technical witness. 

• Sitcum Waterway Remediation Project, Port of Tacoma, Tacoma, Washington (1991·1995). Mr. 

Spadaro served as Project Manager for this complex, long-term remediation, the largest sediment 

remediation ever undertaken by EPA mandate. One purpose of the project was to increase container 

terminal space by filling approximately 70 percent of the Milwaukee Waterway with 1.6 million cubic 

yards of fill sediments dredged from the Blair Waterway (where redevelopment plans called for removing 

sediments to expand Port facilities) and the Sitcum Waterway (where sediment removal was a 

component of the CERCLA cleanup). The project began with a conceptual design in the early 1980s and 

progressed to encompass sediment quality testing, geotechnical engineering, hydrogeologic evaluations, 

and pre-remedial design and remedial design phases. Specialty services conceptualized by Mr. Spadaro 

and executed by Hart Crowser included elutriate, leaching, and settling tests; natural recovery modeling; 

and dredge and disposal water quality modeling. In addition, Mr. Spadaro managed environmental 

permitting issues and ensured compliance with CERCLA and Clean Water Act mandates. 

• Mercury Contamination Source Evaluation, Middle Waterway, Foss Maritime, Tacoma, Washington 

(1990-1993). Mr. Spadaro served as Project Manager for this investigation of the source of mercury 

contamination in sediments. He conceptualized and oversaw focused sampling of seeps, upland soils, 

and sediments to assess ongoing source control measures. This project required a comprehensive review 

of historical sources of mercury deposited in the waterway, which in turn led to subsequent development 

of an expanded PRP list. Components of the pre-remedial design included natural recovery modeling and 

an assessment of the feasibility of various alternatives for confined disposal. 

• Blair Waterway, Slip 2 Nearshore Fill, Port of Tacoma, Tacoma, Washington (1987-1990). This 

logistically complex project called for expanding the land area ofTerminal 3 and constructing Terminal 4 

by dredging adjacent offshore sediments and using the dredged material to fill Slip 2. As Project 

Manager, Mr. Spadaro oversaw the collection of sediment samples using hollow-stem augers, impact 

coring, and vibracoring through 40 to 60 feet of water and to 20 to 40 feet below mudline. He was able 

to significantly reduce the sampling and ,111alysis requirements through negotiations with regulatory 

agencies. In addition, and of considerable benefit to Hart Crowser's client, Mr. Spadaro's initial 
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assessment of sediment chemistry was so thorough that when the Port altered its original plan, it was not 

necessary to renegotiate the chemistry requirements. 

11- Open Water Disposal Permits, Multiple Waterfront Clients, Washington (1987-ongoing). As Hart 

Crowser's Project Manager for Puget Sound Dredge Disposal Analysis (PSDDA) compliance, Mr. Spadaro 

negotiates with regulatory agencies to develop technically sound and cost-effective sampling plans, 

performs sampling, manages the chemical analyses, and completes various technical studies. Mr. 

Spadaro has obtained PSDDA-related permits for the following projects: West Blair Terminal, Pier 7D, 

Sealand Pier Extension, and Terminal 3 (Port of Tacoma); Everett Marina (Port of Everett); and Hylebos 

Facility (Lone Star NW). 

PUBLICATIONS AND PRESENTATIONS ON WATERFRONT AND SEDIMENT TOPICS 

Garbaciak, S., P.A. Spadaro, T.M. Thornburg, and R.G. Fox, 1997. "Sequential Risk Mitigation and the Role of 

Natural Recovery in Contaminated Sediment Projects." Preprints of the International Conference on 

Contaminated Sediments. Rotterdam, Netherlands, September 7-11, 1997. 

Spadaro, P.A., M.L. Henley, and J.R. Verduin, 1997. "Interim Status Report: Thea Foss and Wheeler-Osgood 

Waterways Clean Up." Western Dredging Association, Eighteenth Annual Meeting. June 29-July 2, 1997. 

Verduin, J.R., P.A. Spadaro, and T. Wang, 1996. "A General Framework for Consideration of a Nearshore 

CDF: Contaminated Sediment Confinement and Upland Creation." Western Dredging Association, 

Seventeenth Annual Meeting. June 11-14, 1996. 

Templeton, D.W. and P.A. Spadaro, 1996. "The Role of Natural Recovery in Contaminated Sediment." 

Western Dredging Association, Seventeenth Annual Meeting. June 11-14, 1996. 

Spadaro, P.A., 1995. "Sediment Remediation: Puget Sound Case Studies." Presented as a short course at 

Law Seminars lnternational's West Coast Conference on Contaminated Sediments. October 1995. 

Spadaro, P.A., D.W. Templeton, G. L. Hartman, and T.S. Wang, 1993. "Predicting Water Quality During 

Dredging and Disposal of Contaminated Sediments from the Sitcum Waterway in Commencement Bay, 

Washington." Water Science Technology. Vol. 28, No. 8-9, p. 23 7-254. July 1993. 

Templeton, D.W., P.A. Spadaro, and R. Gilmur, 1993. "The Role of Natural Recovery in Sediment 

Remediation Projects." Proceedings of the International Conference on Contaminated Sediment Remediation, 

Milw,wkee, Wisconsin. July 1993. 
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