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EXECUTIVE SUMMARY 

This Remedial Investigation/Feasibility Study 
(RI/FS) was completed to address contamination 
caused by past industrial activities at the former 
Irondale Iron and Steel Plant (Site) located in 
Jefferson County, Washington.  The RI/FS is an in-
depth study to characterize contamination, evaluate 
potential impacts on human health and the 
environment, and to develop and evaluate cleanup 
alternatives.  The Site is located at 526 Moore Street 
in the town of Irondale, approximately 5 miles south 
of Port Townsend.  It is located adjacent to Port 
Townsend Bay and encompasses about 13 acres of 
upland property and about 1,000 feet of shoreline.  
From 1881 to 1919, iron and steel were produced 
intermittently at the Site by various owners. Steel 
plant operation during this time resulted in metal and 
petroleum hydrocarbon contamination of soil, 
sediment and groundwater.  The Site is owned by 
Jefferson County and is currently used as an 
undeveloped day-use park (Irondale Beach Park).  

The extent and nature of contamination was 
investigated in the upland and sediment portions of 
the Site through several phases of study between 
2007 and 2009.  The results from these studies show 
that on portions of the Site soil, sediment, and 
groundwater contain concentrations of arsenic, 
copper, iron, lead, nickel, zinc, carcinogenic 
polycyclic aromatic hydrocarbons (cPAHs) and petroleum hydrocarbons that pose a potential risk to 
human health and the environment.  The greatest concentrations of metals are associated with debris and 
industrial process waste (slag) generally concentrated in areas around the former steel production, power 
house, stock house, and blast furnace buildings.  Petroleum hydrocarbon contamination is associated with 
a former 6,000-barrel (252,000 gallon) above ground fuel storage tank located on the southeastern portion 
of the site.  A conceptual site exposure model (CSEM) that identifies sources of contamination, transport 
mechanisms and applicable receptors and exposure pathways was developed based on information 
collected during the RI.  The CSEM is summarized in the table below. 

  

Summary of Conceptual Site Model Elements 

CSEM Element Model Factors 
Contaminant Sources 
 

Petroleum hydrocarbons in soil, sediment and groundwater associated with former fuel 
handling/storage area; smelter process waste (slag) and building debris in shallow upland 

soils. 

Release Mechanisms and 
Migration 
 

Leaching of contaminants from soil to groundwater to surface water and sediment; biota 
uptake of metals from soil (biota then ingested by other ecological receptors); wave erosion 

along shoreline exposing petroleum contaminated soils or sediments. 

View of Irondale Iron and Steel Plant Site as it 
looks today. Former buildings and facilities were 
located near the shoreline and in the area now 
covered with trees. The road was built after 
industrial operations ended.  The site is now a 
Jefferson County Park. 
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The RI identified the following general areas and media that require remediation to comply with cleanup 
standards and objectives of the Model Toxics Control Act (MTCA) and Sediment Management Standards 
(SMS):  

1. About one acre of upland soil, groundwater and intertidal sediment in an area around and below 
the former above ground fuel storage tank, and  

2. Shallow soil at locations of former buildings and industrial activities.  

Through the feasibility study (FS) process, five remedial alternatives were identified and evaluated.  The 
alternatives included combinations of institutional controls, excavation with off-site disposal, and 
capping.  The remedial alternatives were evaluated and ranked based on their net environmental benefit in 
accordance with WAC 173-340-360.  Any cleanup alternative must meet the following minimum 
requirements per WAC 173-340-360(2)(a): (1) protect human health and the environment, (2) comply 
with cleanup standards, (3) comply with state and federal laws, and (4) include provisions for long-term 
monitoring as outlined in WAC 173-340-410 and 173-340-720 through 173-340-760.   

Based on the FS evaluation and screening process, the preferred remedial alternative includes the 
following combination of actions: 

a) Permanent removal and offsite disposal of petroleum-contaminated near-shore upland soil and 
marine sediment to cleanup levels protective of human health, marine aquatic organisms and 
terrestrial ecological receptors;  

b) Permanent removal of some shallow metal-contaminated near-shore soil located in more heavily 
used portions of the park in areas that will not cause significant destruction of existing vegetation, 
to cleanup levels protective of human health and terrestrial ecological receptors; 

c) Installation of a permeable soil cap consisting of a geotextile placed on the current ground surface 
and covered with a 2-foot layer of clean soil in upland areas (Power House Complex and Steel 
Production Building), outside those areas removed by excavation, with metal contamination in 
shallow soil to reduce human and terrestrial ecological exposure to the contaminated soil.  
Installation of the cap will likely require removal of the majority of trees in these two areas; 
though decisions on individual trees may be decided during cap installation).  The total area of 
the proposed cap is approximately 5,000 square yards; and  

d) Post-cleanup monitoring of groundwater. 

These proposed remedial actions are designed to reduce risk to receptors to acceptable levels, without 
adversely impacting environmental resources at the park.  Complete removal of all contaminated soil 
exceeding one or more cleanup levels is not practical at this site because: (a) it would likely require 
removal of many 100+ year-old trees, (b) potentially destabilize the bluff, and (c) disrupt the existing 
natural quality, character and existing use of the park.  Additionally, the cost for full removal of all 
contaminants to below all cleanup levels to protect for the pathways of concern would result in costs 
disproportionate to the resulting environmental and health benefits. 

Summary of Conceptual Site Model Elements 

CSEM Element Model Factors 
Exposure Pathways Ecological: Ingestion for terrestrial and aquatic ecological receptors, direct contact for 

ecological receptors and plant uptake 
Human:  Direct contact and incidental ingestion 

Potential Receptors Ecological:  Plants, soil and sediment biota, wildlife 
Human: Recreational users, park workers 
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REVISED DRAFT REMEDIAL INVESTIGATION/FEASIBILITY STUDY 
IRONDALE IRON AND STEEL PLANT 

526 MOORE STREET 
IRONDALE, WASHINGTON 

1.0  INTRODUCTION 

This report describes the activities and results from the remedial investigation and feasibility study 
(RI/FS) completed at the former Irondale Iron and Steel Plant (Site) located in Jefferson County, 
Washington.  The Site is a 13-acre property located at 526 Moore Street in the town of Irondale, latitude 
48°2' 38" N longitude 122° 45' 60" W, approximately 5 miles south of Port Townsend, Washington (see 
Figure 1).  From 1881 to 1919, iron and steel were produced intermittently at the Site by various owners.  
Steel plant operations during this time resulted in contamination of soil, sediment and groundwater.  The 
Site is owned by Jefferson County and is currently used as an undeveloped day-use park (Irondale Beach 
Park).  It is bounded by Port Townsend Bay to the east, residential properties to the south, southwest and 
northwest, and parklands to the north.  The Site includes both upland and aquatic land, and the boundaries 
of the Site are shown in Figure 2. 

The Site was not completely cleaned up after the steel plant closed, and slag1 and other debris are still 
present.  Previous environmental investigations identified contamination in some areas, including oily 
residue on a portion of the beach that was formerly below a large oil storage tank.  Irondale Beach Park 
has been identified as a high-priority cleanup area as part of Washington’s Puget Sound Initiative, which 
is intended to protect and restore the Puget Sound and Hood Canal ecosystem health by 2020.  The RI/FS 
is a study intended to characterize contamination, evaluate potential impacts on human health and the 
environment, and develop and evaluate cleanup alternatives. 

The Washington State Department of Ecology’s (Ecology’s) Toxic Cleanup Program is managing the 
RI/FS through its contract with Science Application International Corporation (SAIC).  GeoEngineers is 
working in collaboration with SAIC as a teaming partner on this project under agreement between SAIC 
and Ecology titled “Hazardous Substances Site Investigation & Remediation for the Toxics Cleanup 
Program Contract # C0700034; Work Assignment # SAI017.”  GeoEngineers is responsible for 
completing the RI/FS and draft Cleanup Action Plan (CAP) for both the upland and sediment portions of 
the Site, and SAIC provides technical oversight, sediment sampling and evaluation, and contract 
management.   

1.1  PURPOSE 

The purpose of the RI/FS is to collect data necessary to adequately characterize the Site for the purpose of 
developing and evaluating cleanup action alternatives in compliance with the Model Toxics Control Act 
(MTCA) (Chapter 173-340 Washington Administrative Code [WAC]) and the Washington Sediment 
Management Standards (Chapter 173-204 WAC).  MTCA also requires that a report be prepared at the 
completion of the RI and FS and submitted to Ecology for review and approval. 

The RI included: (1) sampling and testing to define the nature and extent of contamination in soil, 
sediment, surface water and groundwater, and (2) a terrestrial ecological evaluation (TEE) to determine 

                                                      
1 Slag refers to a waste material from the steel making process.  It is a mixture of metal oxides, limestone and other 
impurities from the smelting process.   It is found on the Site as loose, small to medium-sized rock-like pieces and in 
larger mounds or heaps.   
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the potential impact of contamination to ecological receptors.  The FS includes identification and 
evaluation of cleanup alternatives and presents a preferred cleanup alternative.  

1.2  REPORT ORGANIZATION 

This RI report includes text, tables, figures and appendices.  The report text is divided into 11 sections, as 
follows: 

• Section 1.0 – Introduction 

• Section 2.0 – Site Description – presents a summary of the Site history, environmental setting, 
current and planned future land uses, and previous environmental investigations. 

• Section 3.0 – Remedial Investigation Activities – presents a description of the RI field program. 

• Section 4.0 – Conceptual Site Model – presents the conceptual Site contaminant transport and 
exposure models. 

• Section 5.0 – Screening Levels – describes the development of screening levels used to assess 
risks posed by Site contaminants of potential concern (COPCs). 

• Section 6.0 – Remedial Investigation Results – summarizes the RI analytical results, including a 
comparison of the data to the RI screening levels. 

• Section 7.0 – Terrestrial Ecological Evaluation – evaluates potential risks to terrestrial ecological 
receptors. 

• Section 8.0 – Locations and Media Requiring Cleanup Action Evaluation in Feasibility Study 

• Section 9.0 – Feasibility Study 

• Section 10.0 – Limitations 

• Section 11.0 – References 

2.0  SITE DESCRIPTION 

2.1  SITE HISTORY 

The Site history described in this section was obtained from previous reports, primarily Jefferson 
County’s 2001 Site Hazard Assessment (SHA; Jefferson County, 2001). 

Industrial activities took place at the Site from 1881 through 1919.  The iron and steel plant produced the 
first batch of iron in 1881, and the steel production plant was operational beginning in 1909.  The Irondale 
Iron and Steel Plant consisted of a blast furnace and cast house, steel production building (including three 
open-hearth furnaces and a steel rolling mill), boiler plant, six charcoal kilns (also referred to as beehive 
kilns), miscellaneous support buildings (raw material warehouses, power house, machine shop, engine 
shop, and other supporting buildings), a 600-foot wharf and a 6,000-barrel aboveground storage tank 
(AST) for fuel oil.  At its peak in 1910, the steel plant produced more than 700 tons of steel per day and 
employed 600 workers.  The plant was closed in 1911 and was reopened between 1917 and 1919 because 
of the demand for steel during World War I.  The estimated locations of former structures associated with 
the iron and steel plant are shown in Figure 2. 

Since 1919, no other waste-generating industry has used the Site.  From the mid-1970s until 1999, the 
beach area east of the former iron and steel plant was used as log storage for the Port Townsend Paper 
Company.  A review of the history of the Site and potentially liable parties by Ecology (Ecology, 2007a) 
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Looking north towards park entrance across 
near-shore flat area. Port Townsend Bay is 

on the right. 

states that Cotton Engineering and Shipbuilding Corporation, later known as the Cotton Family Limited 
Partnership, owned the property from 1943 until December 30, 2002, when the property was sold to 
Jefferson County.  Jefferson County bought the property to use as a recreational area and has operated the 
Site as Irondale Beach Park since that time.   

In November 2005, a park visitor notified Ecology about an oily residue on the beach at the Site. After an 
initial investigation, Ecology determined that there was evidence of contamination along the beach.  
Ecology and Jefferson County conducted additional sampling to investigate the source of this 
contamination (see Section 2.4 for more information about these investigations).  Ecology placed the Site 
on the suspected contaminated site list in March 2006.  As noted above in Section 1.0, Irondale Beach 
Park has been identified as a high-priority cleanup area as part of the Puget Sound Initiative.   

In December 2006, Irondale Beach Park was closed pending concerns about potential human health risk 
related to shellfish ingestion.  In April 2007, Irondale Beach Park was reopened to the public.  However, 
Jefferson County posted signs warning of possible risk to human health from consumption of intertidal 
shellfish harvested in the area.  As of May 29, 2009, the Washington State Department of Health (DOH) 
Office of Shellfish and Water Protection has a marine biotoxin advisory for the Irondale Beach Park area; 
DOH also indicated that the Chimacum Creek Tidelands were not affected by the marine biotoxin 
advisory (DOH website accessed July 15, 2009).  The Chimacum Creek Tidelands are immediately north 
of the Irondale Beach Park as shown in Figure 1.  DOH obtained shellfish samples from Chimacum Creek 
Tidelands and the Irondale Beach Park area in June 2007.  Sample results are discussed in Section 2.4.5 
and in ATSDR’s Health Consultation, which is included in Appendix G. 

The Site is part of the Irondale National Historic District designated by the National Park Service and is 
also listed in the Washington State Heritage Register and the National Park Service Historic American 
Engineering Record. 

It is our understanding from conversations with Ecology that the only environmental cleanup known to 
have been conducted at the Site is the removal of oily debris from the bottom of the AST by Jefferson 
County.  The Jefferson County web page describes this action being completed January 2006 (Jefferson 
County, 2009)  

2.2  ENVIRONMENTAL SETTING 

2.2.1  General  

The Site is located adjacent to Port Townsend Bay and 
includes upland and beach areas.  Elevations at the Site 
range from sea level to about 100 feet above sea level.  
The Site includes approximately 13 acres of upland 
property and 1,000 feet of shoreline.  The eastern near-
shore portion of the Site is relatively level with an 
elevation of approximately 12 feet above mean sea level 
(AMSL).  The western portion of the Site is located on 
sloping, uneven ground.  The transition between the two 
areas is marked by a north-south-trending bluff with a 
steep break in slope.  This slope is about 70 feet high in 
the southern portion of the Site and about 20 feet high in 
the northern portion of the Site.  The near-shore area has a 
sparse grass cover and includes a gated gravel access road.  
The steeper upland portions of the Site is covered by 
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Typical vegetation on western portion of 
the upland area. 

mature alder and maple trees with a thick understory of shrubs, vines and forest duff, and grasses.  

Portions of the Site have very uneven terrain caused by mounds of building debris and remnant building 
foundations.  In the steeper portion of the Site where these features are hard to see because of the heavy 
cover of vegetation, Jefferson County has posted signs explaining potential safety dangers at several 
locations along foot paths.   

According to the geologic map published by the Washington State Division of Geology and Earth 
Resources (Geology & Earth Resources, 2005), the Site is underlain by unconsolidated landslide deposits 
and land that has been disturbed during historical uses of the Site.  The beach along the Site is gently 
sloping, with steeper slopes on the southern quarter of the Site.  The beach is composed of granular 
marine sediments with varying amounts of eroded fill (brick and slag) present along portions of the Site.  
The United States Geological Survey (USGS) characterized the beach area of the Site as a zone of 
substantial wave erosion where sediment is being transported along shore in two lateral directions (USGS, 
1988).  The only surface drainage stream located at the Site enters the Site near the northwest Site 
boundary and discharges through a metal culvert on the beach near the northern corner of the Site. 

2.2.2  Ecological Habitat 

In general, the Site can be divided into a flat, near-shore area; a steeper, upland area; and a small stream 
that borders the Site to the north.  The near-shore area 
consists of grasses and other less dominant herbs.  The 
southeastern portion of the upland area (in the vicinity of the 
former AST location) consists of typical upland tree and 
shrub species (big leaf maple, red alder, western red cedar, 
Douglas fir, elderberry, Indian plume, etc.).  This area of the 
Site consists of two topographic breaks: starting at the top of 
the bluff, down to a flat area, before breaking into the near-
shore area.  Two groundwater seeps are present at the base of 
the bluff near the AST.  The southern half of the upland area 
consists of mature second-growth forest, a possible priority 
habitat (a large, potential old-growth, Douglas fir), and a 
large shrub area (consisting of Indian plume and elderberry, 
with intermittent Himalayan blackberry).  The northern half 
of the upland area is dominated by an immature big leaf maple overstory, but also includes a large area of 
shrub species.  The habitat adjacent to the stream consists of Himalayan blackberry and a few small red 
alder trees. 

During a June 5, 2008, habitat survey, three nighthawks were observed flying overhead in the morning.  
According to Priority Habitats and Species (PHS) data provided by the Washington Department of Fish 
and Wildlife (WDFW), a heron rookery has been documented in the northwest corner of the Site.  The 
presence of the heron rookery was not confirmed during the habitat survey.  Additional wildlife identified 
during the habitat survey includes crows, a black-capped chickadee, and a Douglas fir squirrel. 

Additional details on the ecological habitats at the Site are presented in Section 7 (Terrestrial Ecological 
Evaluation). 

2.2.3  Climate 

The Irondale area has a maritime climate with a mean annual precipitation of about 20 inches.  On 
average, the greatest precipitation occurs from November through January, and the least precipitation 
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occurs in July.  The Olympic Mountains to the west protect the area from the stronger Pacific winds and 
heavy rain that are present elsewhere on the Olympic peninsula.  Mean winter temperature in the area is 
44 degrees Fahrenheit (°F) and 66°F in summer.   

2.3  CURRENT AND FUTURE LAND USE 

The current and planned future use of the Site is as a public park. Currently the park is undeveloped and 
does not have formal day-use facilities such as picnic tables or restrooms.  

2.4  PREVIOUS ENVIRONMENTAL INVESTIGATIONS 

Prior to this RI, there were five limited environmental investigations conducted by others, which are 
summarized in the sections below.  The sample locations from these investigations are shown in Figure 3.  
The analytical results from these samples are included in Tables 1 through 15.  Analytical results are 
compared to the RI screening levels discussed in Section 5. 

The previous investigation sample locations shown in Figure 3 are approximate.  GeoEngineers obtained 
these locations from hard copies of figures included in the referenced reports. 

2.4.1  Environmental Assessment (Hart Crowser, 1996) 

Hart Crowser conducted an Environmental Assessment (EA) in March 1996 that included portions of the 
Site.  The property evaluated in the EA consisted of the Irondale Iron and Steel Plant property (parcels 
001353001 and 901021002) and the property immediately north of the Site (parcel 001353004).  Because 
it is not part of the Site, parcel 001353004 is not shown on Figure 3.  In March 1996, the property north of 
the Site was used as a log chipping and storage facility, and logs were stored on the near-shore portion of 
the Site.  The purpose of the EA was to assess the potential for past practices at the Site (including 
historical steel mill operations) to have adversely impacted subsurface conditions.  Hart Crowser 
excavated nine test pits (TP-5, TP-6, TP-7, TP-8, TP-9, TP-10, TP-11, TP-12 and TP-19) and obtained 
several soil samples from the test pits, water samples from test pits TP-11 and TP-12, two sediment 
samples at a depth of 6 inches from near-shore sediments at low tide, a surface soil sample (SS-4) inside 
the 6,000-barrel AST, and two rock/slag samples (open-hearth furnace area and slag exposed on the 
southern beach face).  EA sample locations are shown in Figure 3.  Soil, sediment, water and slag samples 
were analyzed for one or more of the following: petroleum hydrocarbons, volatile organic compounds 
(VOCs) and metals. 

The analytical results from soil samples obtained by Hart Crowser show that diesel- and oil-range 
petroleum hydrocarbons (in SS-4 only, as reported using the WTPH-HCID method), arsenic, chromium, 
copper, iron, lead and zinc were detected in soil and slag at concentrations greater than RI soil screening 
levels.  Arsenic exceeded RI surface water screening levels in the two water samples obtained from test 
pits by Hart Crowser.  These water samples were unfiltered samples obtained from the base of the test pits 
and were not considered “true” groundwater samples by Hart Crowser.   

None of the detected concentrations of metals in sediment samples obtained by Hart Crowser exceeded 
their respective RI sediment screening levels. 

2.4.2  Site Hazard Assessment (Jefferson County, 2001) 

Jefferson County Health and Human Services (JCHHS) conducted a Site Hazard Assessment (SHA) in 
October 2001.  Based on the results of the SHA, the Jefferson County Health Department recommended 
that no further action was required at the Site under MTCA; however, the Health Department did 
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recommend that oil residue in the former AST foundation be removed to “prevent potential human 
exposure or release to the environment.” 

JCHHS obtained seven surface soil samples (SS1 through SS6 and SS8), one slag sample (SS7) and three 
sediment samples (BS1 through BS3).  SHA sample locations are shown in Figure 3.  Five soil samples 
and the slag and sediment samples were analyzed for metals.  The other two soil samples were analyzed 
for TPH-diesel range organics (TPH-DRO) and TPH-residual range organics (TPH-RRO).  TPH-RRO 
typically includes carbon ranges C25 to C36, which is similar to oil-range petroleum hydrocarbons (also 
known as heavy oil) evaluated in MTCA.  The total petroleum hydrocarbons (TPH) analytical method 
was not mentioned in the SHA report (the DRO and RRO designations were used by the Jefferson County 
Health Department).  The slag sample was also analyzed by the toxicity characteristic leaching procedure 
(TCLP) for chromium, copper, lead and zinc. 

TPH-RRO, arsenic, chromium, copper, lead and zinc were detected in soil or slag at concentrations 
greater than RI soil screening levels.  Copper was detected in sediment sample BS3 at a concentration of 
412 milligrams per kilogram (mg/kg), which is slightly greater than the RI sediment screening level of 
390 mg/kg.  Chromium, copper, lead and zinc were not detected in the TCLP analysis of the slag sample 
(SS7). 

The location where sample SS8 was obtained is not known.  This sample, which has analytical results for 
metals, is not shown on the sample location map associated with the 2001 SHA.  Sample SS8 may be a 
field duplicate, based on a review of the October 22, 2001, Sampling and Analysis Plan for the SHA. 

2.4.3  Initial Investigation (Ecology, 2005) 

Ecology conducted an initial investigation in November 2005.  The purpose of the investigation was to 
evaluate a report from a person who “detected petroleum odors and observed several bricks with fuel on 
them” at the Site.  Ecology also noted petroleum odors during their investigation.  As part of the 
investigation, Ecology obtained one soil/slag sample (003) and three sediment samples (001, 002, and 
004).  The soil/slag sample was analyzed for metals, and the sediment samples were analyzed for 
petroleum hydrocarbons using the NWTPH-HCID and NWTPH-Dx analytical methods.  The 2005 Initial 
Investigation Field Report provides only approximate locations (on a hand-drawn map) for the four 
samples obtained during this investigation; therefore, the Initial Investigation sample locations are not 
shown in Figure 3.  The soil/slag sample was obtained at the small headland formed by slag north of the 
former coke warehouse and the three sediment samples were obtained in the intertidal area east of the 
former AST. 

Copper was detected in soil/slag at concentrations greater than the RI soil screening level.  Oil-range 
petroleum hydrocarbons (identified in the Initial Investigation Field Report as severely weathered heavy 
fuel oil) were detected in sediment at concentrations ranging from 550 to 40,600 mg/kg.  Sediment 
screening criteria have not been developed for oil-range petroleum hydrocarbons.  However, the heavy 
fuel oil concentration of 40,600 mg/kg is substantially greater than the RI sediment screening levels of 
136 mg/kg and 2,000 mg/kg.  Ecology recommended in 2005 that the Site be listed on the Ecology 
database as a confirmed contaminated site and that a high-priority SHA be conducted per WAC 173-340-
310(ii) based on the analytical results from their investigation. 

2.4.4  Sediment and Tissue Sampling (Jefferson County, 2007) 

The Jefferson County Health Department obtained sediment and tissue (clam and oyster) samples at the 
Site in January 2007.  Three sediment samples were obtained from 12 sampling locations 
(Locations 1 through 12) at depths of 6, 12 and 18 inches.  Each sediment sample was analyzed for TPH 
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using the NWTPH-HCID analytical method.  According to the laboratory case narrative, 18 of the 
36 sediment samples contained a small to significant amount of very weathered to extremely weathered 
heavy fuel oil.  Fifteen of the sediment samples (from six locations) were subsequently analyzed for 
diesel- and oil-range petroleum hydrocarbons using the NWTPH-Dx analytical method.  Additionally, 
samples obtained at depths of 6 inches from Locations 3, 5, 7, 9 and 11 were analyzed for metals, and the 
samples obtained at depths of 6 inches from Locations 3, 5 and 7 were analyzed for polycyclic aromatic 
hydrocarbons (PAHs). 

Oil-range petroleum hydrocarbons (identified by the analytical laboratory as heavy fuel oil) were detected 
in sediment at concentrations ranging from 39 to 2,300 mg/kg.  Sediment screening criteria have not been 
developed for oil-range petroleum hydrocarbons.  However, the heavy fuel oil concentration of 
2,300 mg/kg is greater than the RI sediment screening levels of 136 mg/kg and 2,000 mg/kg.  Metals and 
PAHs were not detected at concentrations greater than their respective sediment screening criteria. 

The tissue sample was analyzed for PAHs and metals.  PAHs were not detected, but arsenic, cadmium, 
chromium, copper, lead and zinc were detected at concentrations ranging from 0.46 to 21 mg/kg. 

2.4.5  Irondale Park Shellfish Sampling (ATSDR, 2008) 

According to the Agency for Toxic Substances and Disease Registry’s (ATSDR’s) Health Consultation 
(Appendix G), the analytical results from the multispecies (clam and oyster) shellfish samples obtained in 
January 2007 indicate that “lead may be of concern to human health especially for young children” 
(ATSDR, 2008).  However, because the shellfish samples were not obtained following standard protocols, 
Washington DOH recommended additional shellfish sampling at the Site.   

Shellfish samples were obtained by Washington DOH during low tide on June 14, 2007.  Two little neck 
clam samples and two butter clam samples were obtained from the Irondale Beach Park (i.e., samples 
were collected from the sediment adjacent to the Site).  Three little neck clam samples and one butter 
clam sample were also obtained from the Chimacum Creek Tidelands.  The clam sample locations are 
shown in Appendix G (Figure 2).  The tissue samples were analyzed for total arsenic, cadmium, 
chromium, copper, lead and zinc.  Chromium, copper and zinc were detected in both clam species at 
concentrations less than metal-specific screening levels, which were calculated by DOH in accordance 
with U.S. Environmental Protection Agency (EPA) guidance.  Most of the ATSDR Health Consultation 
evaluated the potential health effects from exposure to arsenic, cadmium and lead in shellfish at the 
Irondale Beach Park and Chimacum Creek Tidelands. 

The ATSDR Health Consultation concluded that: (1) “Exposure to arsenic, cadmium and lead in Irondale 
Beach Park and Chimacum Creek Tidelands shellfish represents no apparent public health hazard” and 
(2) “Average or subsistence consumption of shellfish from Irondale Beach Park and Chimacum Creek 
Tidelands is not likely to result in non-cancer health effects.” 

2.5  SUMMARY OF PREVIOUS INVESTIGATIONS  

2.5.1  Upland 

The results from previous investigations indicated that portions of the upland area of the Site have 
concentrations of petroleum hydrocarbons, arsenic, chromium, copper, iron, lead and zinc greater than RI 
soil screening levels.  The full nature and extent of this contamination was not defined by these 
investigations, and several portions of the Site had not been investigated.  The preliminary conceptual 
model was that the source of petroleum hydrocarbons is the former AST and/or associated piping, and 
that the metal contamination is associated only with fill containing slag or debris from former structures.   
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2.5.2  Sediment 

The results from previous investigations indicated that sediment in the intertidal area below the former 
AST was impacted by petroleum hydrocarbons in concentrations greater than RI sediment screening 
levels.  Other than copper in one sediment sample, metal- or PAH-contamination had not been identified 
in sediments.  The full nature and extent of this contamination in sediment was not defined by these 
investigations.  The preliminary conceptual model was that petroleum hydrocarbons are in the sediment 
through a combination of erosion and redepositing of contaminated upland soil and/or migration of oil 
with groundwater. 

2.5.3  Shellfish Tissue 

The results from the 2007 Washington DOH investigation indicate that arsenic, cadmium, chromium, 
copper, lead and zinc are not present in shellfish tissue at concentrations that represent an apparent public 
health hazard. 

2.5.4  Groundwater 

Groundwater was not sampled during these previous investigations, except as turbid water in test pits.   

3.0  REMEDIAL INVESTIGATION ACTIVITIES 

3.1  GENERAL 

The RI that was conducted in general accordance with the following documents that were reviewed and 
approved by Ecology: 

• Draft Final Remedial Investigation/Feasibility Study Work Plan dated June 21, 2007 
(GeoEngineers, 2007a); 

• Washington Department of Fish and Wildlife Hydraulic Project Approval (Control Number 
111264-1) issued November 21, 2007; 

• Final Sampling and Analysis Plan Addendum dated December 7, 2007 (GeoEngineers, 2007b); 

• Final RI/FS Work Plan Addendum dated May 29, 2008 (GeoEngineers, 2008); and 

• Sampling Analysis Plan Addendum – Intertidal Sediment and Groundwater Sampling dated 
January 7, 2009 (GeoEngineers, 2009). 

The RI included the collection of soil, sediment, groundwater, surface water and vegetation samples as 
well as an investigation of subsurface conditions and flora and fauna at the Site.  The field investigation 
occurred in four events: 

1. June 2007:  The principal objectives of this event were to define the extent of contamination 
identified in earlier studies and to investigate areas of the Site and media (surface water and 
groundwater) that had not previously been investigated.   

2. December 2007:  The objectives of this event were: (1) to define the extent of TPH 
contamination in intertidal sediment and to investigate subtidal sediment; (2) to collect and test 
earthworms in areas of known contamination to help evaluate metals bioaccumulation and to 
assess potential terrestrial ecological risks; (3) to obtain an additional round of groundwater 
samples from the four groundwater monitoring wells installed in June 2007; and (4) to obtain 
additional upland soil samples to better define the extent of contamination at the AST area, 
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Small headland formed by slag.

beyond the footprints of the former historical buildings, between the former steel production 
building and the blast furnace-power house building complex, and at the south end of the near-
shore upland fill area. 

3. June 2008:  The purpose of this event were to conduct a baseline vegetation habitat survey and 
obtain soil samples to conduct soil biota and plant bioassays, and to collect and test plants in areas 
of known contamination to help evaluate metals bioaccumulation and to assess potential 
terrestrial ecological risks. 

4. January 2009:  The purposes of the additional field work were: (1) to confirm the June and 
December 2007 groundwater analytical results and groundwater flow direction; and (2) to obtain 
additional intertidal sediment samples with a range of petroleum hydrocarbon concentrations and 
to conduct bioassays to help determine sediment cleanup levels for diesel- and heavy oil-range 
petroleum hydrocarbons. 

These investigations were designed to evaluate the nature and extent of contamination in the upland and 
intertidal/subtidal sediment portions of the Site, and to develop the data needed to complete the FS.  The 
approximate locations of all explorations are shown in Figure 4.  RI analytical results are summarized in 
Tables 1 through 13.  These tables present soil results first (Tables 1 through 4), followed by groundwater 
and surface water (Tables 5 through 7) and sediment (Tables 8 through 13).  Descriptions of the field 
procedures used are included in Appendix A.  Appendix A also includes boring logs, well construction 
logs and test pit logs.  Field procedures pertinent to the December 2007 subtidal and January 2009 
intertidal sediment studies are described in Appendices C and D.  Sediment and soil bioassay results are 
presented in Appendices D and E, respectively.   

The Work Plans cited above provided explanations regarding the rationale for each sample location, depth 
and analyses.  The sections below provide a summary of the RI activities.  See Section 6.0 for discussion 
of the analytical results from this investigation. 

3.2  UPLAND INVESTIGATIONS 

The upland investigation focused on: (1) identifying the 
nature and extent of slag fill along the near-shore area; 
(2) investigating former buildings and work areas at the 
Site and defining the horizontal and vertical extent of 
contamination identified in previous studies; (3) 
evaluating areas not sampled previously and areas 
located away from historical sources of contamination; 
(4) evaluating groundwater; (5) evaluating water quality 
in the surface water drainage at the northern end of the 
Site; and (6) collecting sufficient data to understand the 
geology and hydrology at the Site and their relationship to 
contaminant transport and fate.   

As can be seen in Figure 5, there are several locations with 
clusters of samples.  These are locations where samples 
were co-located to provide soil for analytical tests and soil 
for bioassays to support the TEE. 

 

Overview of Upland Soil Data Collection 
(Figure 4) 

• Geophysical survey and explorations to define 
limits of metallic fill along near-shore area 

• Explorations included 43 test pits and  
7 direct-push borings 

• Analyzed  111 samples 
• Samples analyzed for metals (arsenic, 

copper, iron, lead, nickel and zinc), petroleum 
hydrocarbons, and PAHs. 
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3.2.1  Near-shore Fill Area 

The near-shore fill area is relatively level and open upland area adjacent to the shore.  The area is about 
700 feet long and 125 feet wide and is located between the existing park road and the shoreline bank.  The 
shoreline bank includes a prominent slag deposit that formed an erosion-resistant small headland near the 
former coke warehouse (see Figure 2; referred to as “Slag Outcrop” in the rest of the RI).  The objectives 
of near-shore fill area investigation were to better define the extent of slag in the subsurface and to obtain 
representative soil samples to evaluate the fill for the presence of site-related contamination. 

Prior to investigating the near-shore fill area by test pits, a non-intrusive geophysical survey was 
completed by Apollo Geophysics (Apollo) on June 14, 2007.  The objective of the survey was to evaluate 
the thickness and lateral extent of slag fill in the near-shore area. The geophysical survey was completed 
prior to soil sampling so the number and locations of exploratory test pits could be modified if necessary 
based on the geophysical findings.  Apollo used a combination of electromagnetic (EM) and ground 
penetrating radar (GPR) geophysical methods; both of these methods have the capability of detecting 
metallic fill.  Apollo’s geophysical survey report is included in Appendix F and is summarized below. 

Apollo conducted electromagnetic (EM) traverses on approximately 5-foot spacings and conducted ten 
GPR traverses ranging in length from 50 to 700 feet (see Figures 1 and 2 in Appendix F for transect 
locations).  Three of the transects paralleled the shoreline while seven transects were completed 
perpendicular to the parallel transects and the shoreline.  Apollo interpreted the geophysical data to 
indicate that 1) metallic fill is most prevalent in the southern approximately 300 feet of the near-shore 
area, especially around the slag outcrop, 2) metallic fill content decreases northwest of the slag outcrop 
and there are several areas without evidence of metallic fill in the northern 360 feet of the near-shore area, 
3) there is minimal evidence of metallic fill beneath the existing park access road, and 4) vertically most 
metallic fill is located between about 2 and 5 feet below the ground surface.  Apollo also identified some 
areas in the upper two feet of soil they interpreted to be a mixture of sand and metallic fill.   

The occurrence of metallic fill indicated by the geophysical study generally matched findings from earlier 
explorations and field observations of soil exposures along the shoreline, except that metallic fill did not 
appear present in a continuous layer as indicated by the geophysical study results and the shallow sand-
metallic fill mixture was not observed. The geophysical survey results supported the need to complete test 
pits in all of the near-shore area as planned. 

Eight tests pits (TP12 through TP19) ranging in depth from 8 to 8.5 feet 
below ground surface (bgs) and one monitoring well (MW04) were 
completed in the near-shore fill area.  The test pits were completed using 
a mini-excavator and rubber-tired backhoe.  The boring for the 
monitoring well (DP04) extended to a depth of 18 feet bgs and was 
completed using a truck-mounted, direct-push drilling rig. 

Twenty-five soil samples were obtained from the test pits and boring 
DP04, and submitted for chemical analysis.  Three soil samples were 
obtained from each test pit at depths ranging from 0 to 2 feet, 2 to 4 feet, 
and 6 to 8 feet. 

3.2.2  6,000-Barrel AST Area 

A 6,000-barrel (252,000 gallon) AST was located at the southern end of 
the Site near the present day shoreline (Figure 2).  The concrete structure 
of the former steel-lined AST marks where this tank was located.  Oil 

Concrete structure of former 
steel-lined AST. 
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residue was identified in 2005 on the beach below the former AST (to the east).  The primary objective 
for investigating this area was to determine the extent of petroleum hydrocarbon contamination identified 
in previous studies. 

Explorations included completion of 9 test pits, two direct-push borings and two hollow-stem auger 
borings, and installation of one monitoring well (MW02) in the upland and several test pits and borings in 
the intertidal area (described in Section 3.3).  The presence of soft wet ground and large trees prevented 
access to some areas targeted for exploration and prevented over excavation of test pits to determine the 
lateral extent of the soil contamination. 

Test pits TP06, TP07, TP09, TP11, and TP24 through TP28 were completed using an excavator.  The 
depth of the test pits completed using an excavator generally ranged from 6 to 7 feet deep.  Two borings 
(TP35/TP35A and TP36/TP36A) are identified as test pits; however, these soil borings were completed 
using a hollow-stem auger drill rig.  Borings TP35/TP35A and TP36/TP36A were completed to depths of 
13.5 feet. 

Two test pits (TP05 and TP31) and one direct-push boring (DP06) were located within thetank footprint.  
The test pits were completed using hand tools, and boring DP06 was completed using a direct-push drill 
rig.  Test pit TP-31 could be advanced only 1 foot bgs because of encountering brick rubble, and no soil 
sample was obtained.  Test pit TP-05 was successfully advanced 4 feet below the concrete floor of 
thetank, and DP-06 was advanced to 8 feet bgs. 

Direct-push boring DP02 was completed to a depth of 14 feet.  This boring was completed at the location 
of TP26, which contained evidence of significant petroleum hydrocarbon contamination.  A monitoring 
well was constructed in DP02 (MW02) to monitor for the presence of free product.   

Thirty-four soil samples were obtained from the test pits and borings, and submitted for chemical 
analysis.  Groundwater samples were obtained from MW02. Groundwater was encountered in the 
explorations at depths ranging from 2 feet bgs (TP07) to 8 feet bgs (TP-09).  In most cases where 
groundwater was encountered, the walls of the test pit would cave, making it difficult to advance deeper.   

3.2.3  Former Buildings and Work Areas 

The Former Buildings and Work Areas are labeled in Figure 2 and include the former charcoal kilns, 
power house, engine house, boiler house, machine shop, boiler plant, blast furnace and cast house, steel 
production buildings, and slag areas around the coke warehouse.  The RI sample locations are shown in 
Figure 4.  The primary objective for investigating these 
areas was to characterize soil and groundwater quality in 
areas believed to be heavily used during historical 
operations.  Additional objectives include evaluating the 
extent of metals contamination (primarily arsenic, copper 
and iron) in the vicinity of TP-08 and characterizing metals 
contamination (primarily arsenic and iron) in the vicinity of 
DP-01 and TP-11. 

Explorations included completion of 13 test pits, four direct-
push borings, three hollow-stem auger borings, three surface 
soil sample locations and two slag sample locations, and 
installation of two monitoring wells (MW-3 and MW-5).  
Dense vegetation and uneven terrain made access difficult 

Dense vegetation and remnant foundations 
made access difficult in some upland areas. 
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in the areas where the former buildings were located.  A small-sized excavator was used where possible, 
but difficult access required the use of hand tools (auger and shovels) to obtain samples at a few locations.  
At several locations, especially around the steel production buildings and the power house, it was not 
feasible to explore as deep as planned because of the presence of tree roots, bricks and other debris from 
the former buildings. 

The test pits (TP01 through TP04, TP08, TP10, TP20-23, TP29, TP30 and TP40) were completed to 
depths from 2 to 15 feet bgs, with most explorations about 4 feet deep.  Three borings (TP-32 through   
TP-34) are identified as test pits; however, these soil borings were completed using a hollow-stem auger 
drill rig.  Borings TP32, TP33, and TP34 were completed to depths of 10, 5.5 and 15 feet bgs 
respectively.   

The four borings were completed using a direct-push drill rig: one located near the former stock house 
(DP01), one in the slag headland area (DP03 – the boring for MW03), one in a former scrap metal area 
below the boiler plant (DP05 – the boring for MW05), and one near the former coke warehouse (DP-07).  
The direct-push borings ranged in depth from 12 to 20 feet bgs.   

Surface soil samples at locations GEISS1 through GEISS3 were completed using a shovel to depths of 
1 to 1.5 feet bgs.  Samples of slag at locations SLAG1 and SLAG2 were obtained using hand tools. 

Thirty-nine soil samples and two slag samples were obtained from the test pits, borings and surface 
sample locations and submitted for chemical analysis.  Groundwater samples were obtained from MW03 
and MW05, and one grab groundwater sample was obtained from DP07.   

3.2.4  Areas without Historical Sources of Contamination 

Six explorations within the Upland Area (TP37, TP38, TP39, TP41, TP42 and TP43) were located outside 
the footprint of known former buildings and work areas.  Two of the sample locations (TP37 and TP38) 
represent areas that, based on historical information, were not part of the Irondale facility operations, and 
represent background conditions.  TP37 is located at the southern end of the Site, and TP38 is located 
near the western boundary, about in the middle of the Site.  Three of the sample locations (TP39, TP42, 
and TP43) are located between the former steel production building and the blast furnace-power house 
building complex, and sample location TP41 is located at the northern end of the Site, just west of the 
gravel access road.  Historical documents do not indicate that buildings were located in these locations, 
but it is likely this area was disturbed by general industrial activities.  These sample locations were also 
selected to provide background data for the TEE (described in Section 7). 

Test pits TP37 through TP39, TP41, and TP42 were completed using a shovel to depths from 3 to 5.5 feet 
bgs.  One boring (TP43) was identified as a test pit; however, this soil boring was completed using a 
hollow-stem auger drill rig to a depth of 16 feet.   

Thirteen soil samples were obtained from the test pits and one boring and submitted for chemical 
analysis.   
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3.2.5  Groundwater 

Four monitoring wells (MW02 through MW05) 
were installed in June 2007 for the purposes of 
determining groundwater flow direction near Port 
Townsend Bay and to evaluate whether 
groundwater was contaminated.  Monitoring well 
MW01 was planned as an upgradient background 
well but was not installed.  Monitoring wells 
MW02 and MW03 are located at the southern end 
of the Site.  MW02 was located near the former 
6,000-barrel fuel oil AST, and MW03 was located 
downgradient of the blast furnace-power house building complex in an area with known slag fill.  
Monitoring well MW04 was located in the near-shore area near the northern end of the Site, 
downgradient of the steel production buildings and relatively close to the surface drainage.  Monitoring 
well MW05 was located close to the boiler plant in an area that had visible debris.  In addition to these 
monitoring wells, one-time grab groundwater samples were obtained from two direct-push borings (DP01 
and DP07).  DP01 is located in the southern near-shore area adjacent to the former stock house.  DP07 is 
located below the former AST near the former coke warehouse.  Groundwater sample locations are shown 
in Figure 4. 

Groundwater samples were obtained from the four monitoring wells in June and December 2007 and 
January 2009.  Static water levels (Table 16) were also measured during the sampling events to provide 
data to determine groundwater flow direction.   

3.2.6  Surface Water 

Surface water samples were obtained during one field 
event (June 2007) from two locations in the surface 
water drainage (Figure 4).  One sample (SW01) was 
obtained upstream of where the drainage enters the Site, 
and one sample (SW02) was obtained near the point the 
drainage discharges to the beach.  The upstream sample 
location was selected to obtain water quality data 
representative of surface water before it enters the Site.  
Water quality data from the downstream sample will be 
compared to the upstream location to evaluate changes 
in water quality as the water flows across the Site. 

3.3  SEDIMENT 

Sediment samples were obtained at the Site during 
three field events (June and December 2007 and 
January 2009) (Figure 4).   

3.3.1  June 2007 

The objectives of the June 2007 sampling event were: (1) to characterize intertidal sediment adjacent to 
the Site; (2) to evaluate the horizontal extent of residual oil and contaminants of concern (COCs) in the 
intertidal area east of the AST area; (3) to evaluate COCs near the former coke warehouse and wharf; and 
(4) to obtain intertidal sediment samples from the bioactive zone (0 to 4 inches bgs) to compare resulting 

Overview of Upland Groundwater Data Collection 
(Figure 4) 

• Four monitoring wells installed. 

• Wells were sampled three times: June and 
December 2007 and January 2009. 

• Samples analyzed for total and dissolved metals 
(arsenic, copper, iron, lead, nickel and zinc), 
petroleum hydrocarbons and PAHs. 

Overview of Surface Water Data Collection 
(Figure 4) 

• Two samples obtained in June 2007: one 
upstream of Site and one at the discharge 
point on the Site.  

• Samples analyzed for total and dissolved 
metals (arsenic, copper, iron, lead, nickel 
and zinc). 

Overview of Sediment Data Collection (Figure 4) 

• Intertidal and subtidal sediment samples 
obtained during three field events in June and 
December 2007 and January 2009. 

• Obtained 61 samples from 36 locations. 

• Analyzed a total of 44 samples for petroleum 
hydrocarbons and SMS analytes. 
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analytical data to Sediment Management Standards (SMS) criteria.  Twenty-two samples were obtained 
by hand (shovel) in June 2007 from 10 locations.  In general, two sediment samples were obtained at each 
location (at depths of 0 to 4 inches and 4 to 24 inches).  At locations SED02 and SED03, the deeper 
samples were obtained at depths of 4 to 18 inches and 4 to 12 inches, respectively, because of the 
presence of buried obstructions and what appeared to be charcoal.  Sediment samples at a depth of 24 to 
36 inches were also obtained at locations SED05 and SED06.  A sediment sample was not obtained from 
sample location SED-08 because of the presence of a boulder and bricks at the proposed location.  The 
June 2007 sediment samples were analyzed for diesel- and oil-range petroleum hydrocarbons and SMS 
analytes (excluding polychlorinated biphenyls [PCBs]).  PCBs were not analyzed for because they were 
not commercially manufactured until after steel mill operations ceased at the Site. 

3.3.2  December 2007 

The objectives of the December 2007 sampling event were: (1) to evaluate the vertical and horizontal 
extent of diesel- and oil-range petroleum hydrocarbons in intertidal sediment near the former coke 
warehouse and the former AST; and (2) to obtain subtidal sediment samples, including samples near the 
former coke warehouse and wharf, and to compare the sediment analytical results to SMS criteria.  
Eighteen intertidal samples were obtained from five hollow-stem auger borings.  The intertidal sediment 
samples were obtained at depths ranging from 1.5 to 12.5 feet and were analyzed for diesel- and oil-range 
petroleum hydrocarbons and PAHs.  Ten subtidal samples and one intertidal sediment sample were 
obtained using a stainless-steel petit ponar sampling device deployed from a small boat (the December 
2007 subtidal sampling effort was conducted by SAIC and is described in detail in Appendix C).  These 
11 sediment samples were obtained at depth of 0 to 4 inches and were analyzed for SMS analytes 
(including PCBs). 

3.3.3  January 2009 

The objectives of the January 2009 sampling event were: (1) to obtain intertidal sediment samples near 
the former coke warehouse and the former AST and to compare the sediment results to SMS criteria; 
(2) to obtain intertidal sediment samples from 10 locations to get a representative range of TPH 
concentrations; and (3) to determine the relative toxicity of TPH to benthic organisms by conducting a 
suite of sediment toxicity tests on synoptic intertidal sediment samples.  Ten intertidal sediment samples 
were obtained using shovels (the January 2009 sediment sampling effort was conducted by SAIC and is 
described in detail in Appendix D).  These 10 sediment samples were obtained at depth ranging from 8 to 
21 inches and were analyzed for TPH; the five sediment samples evaluated in the sediment toxicity tests 
were also analyzed for SMS analytes (excluding PCBs). 
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3.4  ECOLOGICAL 

As part of the RI, a terrestrial ecological evalution 
(TEE) (presented in Section 7) was conducted to 
evaluate whether contaminants detected in upland soil 
at the Site pose a threat to the terrestrial receptors (i.e., 
plants, birds and wildlife).  After the June 2007 
sampling event, Ecology and GeoEngineers compared 
chemical analytical results from soil samples obtained 
at the Site through June 2007 to MTCA “site-specific” 
ecological indicator soil concentrations (site-specific 
TEE screening values; MTCA Table 749-3).  The 
results of this comparison indicated that metals were 
present in soil at concentrations greater than site-
specific TEE screening values protective of plants, 
soil biota and wildlife, and petroleum hydrocarbons (diesel-range hydrocarbons and motor oil) were 
present in soil at concentrations greater than site-specific TEE screening values protective of soil biota 
and wildlife.  Because the generic site-specific TEE screening values are intended to be protective of most 
sites, they are generally developed using conservative assumptions and methodologies.  Therefore, 
Ecology recommended additional upland sampling (soil, flora and fauna) to calculate site-specific TEE 
screening values. 

3.4.1  Soil and Earthworm Samples to Evaluate Metals Uptake by Earthworms 

GeoEngineers obtained three co-located soil and earthworm samples during the December 2007 sampling 
event (TP30, TP40, TP41; see Figure 5).  The objective of this sampling was to calculate a site-specific 
earthworm bioaccumulation factor, which would be used to calculate site-specific wildlife (mammalian 
predator and avian predator) TEE screening values.  The Final Sampling and Analysis Plan Addendum 
(dated December 7, 2007) included three proposed sample locations: two at upland areas with known 
elevated metals concentrations (TP03 at the former power house/engine house and TP30 at the former 
steel production buildings), and one outside the steel production buildings footprint (TP40).  Earthworms 
were not found at location TP03, and this location was abandoned.   

Co-located soil and earthworm samples were successfully obtained at locations TP30 and TP40.  
However, because of excessive vegetation, sample location TP40 was moved closer to the steel 
production buildings and, based on the metals analytical results, it appears to have metals soil 
concentrations consistent with those detected within the footprint of the steel production buildings.  The 
third co-located soil and earthworm samples were obtained at location TP41, which is outside the 
footprint of the historical buildings.  The soil and earthworm samples were analyzed for arsenic, copper, 
iron, lead, nickel and zinc. 

3.4.2  Soil and Plant Samples to Evaluate Metals Uptake by Plants 

GeoEngineers obtained three co-located soil and plant samples during the June 2008 sampling event 
(TP03, TP32, TP40 see Figure 5).  The objective of this sampling was to calculate a site-specific plant 
uptake coefficient, which would be used to calculate site-specific wildlife (mammalian herbivore) TEE 
screening values.  The Final RI/FS Work Plan Addendum (dated May 29, 2008) included three proposed 
sample locations at areas with known elevated metals concentrations (TP03 at the former power 
house/engine house, TP32 northeast of the former AST and TP40 near the former steel production 
buildings).  Co-located soil and plant samples were successfully obtained at these three locations.  The 
soil and plant samples were analyzed for arsenic, copper, iron, lead, nickel and zinc. 

Overview of Ecological Data Collection 

• Tests conducted to evaluate potential risks to 
terrestrial receptors (plants, soil biota and 
wildlife). 

• Co-located soil and earthworm samples 
obtained to evaluate metals uptake. 

• Co-located soil and plant samples obtained to 
evaluate metals uptake. 

• Soil samples obtained to complete plant and 
earthworm soil bioassays for metals and 
earthworm soil bioassays for TPH. 

• Soil samples obtained for arsenic speciation. 
• Baseline habitat survey conducted by a 

GeoEngineers biologist. 
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Plant material obtained included the following: trialing blackberry (Rubus ursinus), Douglas fir seedlings 
(Pseudotsuga menziesii), snowberry (Symphoricarpos), thimbleberry (Rubus parviflorus), and Himalayan 
blackberry (Rubus discolor). 

3.4.3  Soil Samples to Complete Soil Biota Bioassays (using Earthworms) for TPH Evaluation 

GeoEngineers obtained four soil samples during the June 2008 sampling event for bioassay evaluations 
and chemical analyses (TP11, TP15, TP23, TP24 see Figure 5).  The objective of this soil sampling and 
subsequent analyses was to derive site-specific soil biota TEE screening values for TPH.  The Final RI/FS 
Work Plan Addendum (dated May 29, 2008) included four proposed sample locations: two at areas with 
known TPH contamination (TP11 and TP24, both adjacent to the AST), and two at locations not impacted 
by TPH (that is, TPH background locations, TP15 and TP23).  The reason for obtaining two soil samples 
at both the TPH-impacted and TPH background areas was to help ensure that at least one soil sample 
would be obtained with TPH concentrations similar to levels found during the June and December 2007 
sampling events and at least one soil sample would be obtained with no indications of TPH 
contamination.  The soil samples were analyzed for diesel- and oil-range petroleum hydrocarbons.  The 
soil samples were also submitted to Newfields Northwest, LLC (Newfields) for completion of Ecology’s 
Earthworm Bioassay Protocol for Soil Toxicity Screening (Publication No. 96-327). 

3.4.4  Soil Samples to Complete Plant and Soil Biota Bioassays (using Butter Crunch Lettuce 
Plants and Earthworms) for Metals Evaluation 

GeoEngineers obtained 15 soil samples during the June 2008 sampling event for bioassay evaluations and 
chemical analyses.  The objective of this soil sampling and subsequent analyses was to derive site-specific 
plant and soil biota TEE screening values for metals.  The Final RI/FS Work Plan Addendum (dated 
May 29, 2008) included 15 proposed sample locations.  The intent of chosen locations was to evaluate 
soil samples with a range of metals concentrations.  The soil samples were analyzed for arsenic, copper, 
iron, lead, nickel and zinc.  The soil samples were also submitted to Newfields for evaluation of toxicity 
using the soil Microtox BioassayTM and completion of Ecology’s Earthworm Bioassay Protocol for Soil 
Toxicity Screening (Publication No. 96-327) and Ecology’s Early Seedling Growth Protocol for Soil 
Toxicity Screening (Publication No. 96-324). 

3.4.5  Soil Samples for Arsenic Speciation 

Arsenic was detected in soil samples obtained by GeoEngineers in June and December 2007, and by 
others prior to the RI, at concentrations greater than the Arsenic III and Arsenic V MTCA ecological 
indicator soil concentrations for wildlife (7 mg/kg and 132 mg/kg, respectively).  The Arsenic III wildlife 
screening was exceeded in 22 samples, although the Arsenic V screening level was exceeded in only one 
sample.  The objective of submitting soil samples for arsenic speciation was to determine the form of 
arsenic present at the Site.   

GeoEngineers obtained four soil samples in June 2008 at areas with known arsenic contamination (TP03 
at the former power house/engine house, TP08 and TP32 northeast of the former AST, and TP22 within 
the footprint of the steel production buildings).  These soil samples were submitted to the chemical 
analytical laboratory for Arsenic III/V speciation. 

3.4.6  Baseline Habitat Survey 

GeoEngineers conducted a baseline habitat survey in June 2008 consisting of data collection and field 
reconnaissance tasks.  The objective of the survey was to identify the types of flora and fauna using the 
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Site and to overlay the vegetation communities found at the Site with the areas of known soil 
contamination. 

GeoEngineers collected and reviewed public information available from the WDFW, USGS, United 
States Fish and Wildlife Service (USFWS), Washington State Department of Natural Resources (DNR) 
and Jefferson County. 

GeoEngineers also conducted a biological field reconnaissance at the Site, with emphasis on habitat type 
and areas of potential ecological exposure associated with the former facility.  The field reconnaissance 
focused on the identification/confirmation of habitat types and potential species utilization of the Site.  
Specific information collected included: dominant vegetation, aerial coverage, vegetation height and 
maturity, presence of ponded or flowing water and observations of wildlife.  The field reconnaissance 
covered the terrestrial (upland) habitat only and did not include an assessment of the aquatic habitat 
associated with the shoreline.  Refer to Section 7.4 for additional details regarding the biological field 
reconnaissance. 

3.5  DEVIATIONS FROM WORK PLAN AND ADDENDA 

The RI activities were completed in general accordance with the RI Work Plan (GeoEngineers, 2007a) 
and subsequent addenda (see section 3.1).  Significant deviations from these documents are summarized 
below. 

3.5.1  June 2007 Sampling Event 

There were no significant deviations from the RI Work Plan (GeoEngineers, 2007a). 

3.5.2  December 2007 Sampling Event 

There were no significant deviations from the Final Sampling and Analysis Plan Addendum 
(GeoEngineers, 2007b).  Minor deviations include the following: 

• Test pit TP40 was intended to be located in an area not impacted by Site activities.  However, 
because of vegetation in the area, GeoEngineers field personnel could not get to the proposed 
sample location.  Instead, TP40 was located adjacent to the northwest corner of the former steel 
production buildings.   

• The Addendum included a co-located soil and earthworm sample at test pit location TP03.  
However, no earthworms were found at this location.  Earthworms were found at location TP40, 
and the co-located sample location was moved to this location. 

• Planned sediment borings included SED18 through SED21.  Locations SED22 and SED23 were 
added based on field screening results from SED18, SED20, and SED21.  Boring    SED-19 was 
not completed because of the rising tide.  The intent of SED19 was to provide the vertical extent 
of contamination near SED02. 

• SED04 was to be obtained near the location of the former coke warehouse (approximately 40 feet 
south of SED11).  However, SAIC obtained this sample at Jefferson County sediment sample 
location 4.  This error occurred because GeoEngineers provided SAIC with the wrong sample 
coordinates.  Based on the sediment sample results at SED11, SED17, SED21, and Jefferson 
County location 2, this deviation from the addendum is not expected to change the study 
conclusions. 
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3.5.3  June 2008 Sampling Event 

There were no significant deviations from the Final RI/FS Work Plan Addendum (GeoEngineers, 2008). 

3.5.4  January 2009 Sampling Event 

There were no significant deviations from the Sampling Analysis Plan Addendum – Intertidal Sediment 
and Groundwater Sampling (GeoEngineers, 2009).  Minor deviations include the following: 

• Planned sediment locations included ID-100 through ID-109.  Sediment sample ID-105 was not 
obtained because of refusal at a depth of 18 inches.  The refusal resulted from bricks and cobbles 
at this location.  Sediment sample ID-109 was not obtained because of the rising tide.  The intent 
of the 10 sediment sample locations was to provide a range of combined TPH concentrations for 
use in subsequent sediment bioassays.  An adequate range of combined TPH concentrations was 
obtained with the 8 sediment samples that were collected during this sampling event. 

4.0  CONCEPTUAL SITE MODELS 

4.1  CONCEPTUAL SITE CONTAMINANT TRANSPORT MODEL 

A conceptual site contaminant transport model (CSCTM) was developed to describe historical release(s) 
of hazardous substances at the Site and the subsequent potential migration of those hazardous substances 
in environmental media.  A separate conceptual model related to potential exposure pathways is discussed 
in Section 4.2.  The potential contaminant sources and transport mechanisms are summarized below: 

• While the Irondale Plant operated (1881 to 1919), there were likely spills and releases of fuel oil 
and lubricating oil to the soil and/or beach, especially in the vicinity of the fuel AST and 
associated piping.  Iron ore, coke and slag were also likely spilled or dumped in the vicinity of the 
former wharf used to unload cargo and in the coke warehouse and charcoal kiln areas.  Airborne 
contaminated particles emitted from the kilns and other on-site smoke sources were likely 
deposited on the ground surfaces. All of these releases represent potential sources of 
contamination to soil, water and sediment. 

• Stormwater and general surface runoff while the Irondale Plant was operating transported 
contaminants downhill to topographic depressions and the beach.  As vegetation becomes 
established throughout the Site, the volume of stormwater runoff would be reduced. 

• Sometime after the Irondale Plant closed, the buildings were demolished and much of the debris 
was spread around the Site.  Log storage activities resulted in regrading and filling of portions of 
the near-shore areas.  These land disturbance activities spread slag, debris and possibly 
contaminants around the former buildings and near-shore area.  These activities also placed clean 
dredge sand and wood debris over portions of the former ground surface, potentially burying 
contaminated soil under clean fill. 

• Some contaminants in soil leach into groundwater and are transported as dissolved chemicals in 
groundwater.  Groundwater flows toward Port Townsend Bay, where it discharges in the 
intertidal area. 

• In the area of the former AST, petroleum hydrocarbons might have been released in sufficient 
quantities to accumulate as free product and migrate toward the Bay.  As free product moves 
laterally and vertically as the groundwater table rises and falls, the free product adheres to soil, 
enlarging the area of soil contamination. 
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• Waves along the shoreline erode areas with contaminated soil and groundwater.  This erosion 
releases contaminants to sediments and the Bay and distributes debris along the beach.  

4.2  CONCEPTUAL SITE EXPOSURE MODEL 

To provide a framework for interpreting the data presented in this report, a conceptual site exposure 
model (CSEM) was developed.  In particular, the CSEM was developed to identify exposure pathways 
and potential receptors for the contaminants of potential concern (COPC) detected in various 
environmental media at the Site.  Potential site-related risks were assessed by comparing the RI analytical 
results against published numerical criteria (screening levels; see Section 5.0) appropriate for the 
exposure pathways and receptors identified in the CSEM.  The CSEM was developed based on Site 
physical features, historical activities, and field observations, and is depicted graphically in Figures 6 
and 7. 

A complete exposure pathway consists of: (1) an identified contaminant source, (2) a release/transport 
mechanism from the source to locations (exposure points) where potential receptors may come in contact 
with COPCs, and (3) an exposure route (for example, soil ingestion) where potential receptors may be 
exposed to COPCs.  In Figures 6 and 7, complete potential exposure pathways for the Site are identified.  
Exposure pathways deemed to be incomplete (e.g. groundwater ingestion) were not considered further in 
this RI. 

4.2.1  Potentially Complete Exposure Pathways – Humans 

Current and expected future use of the Site is as a public park.  People who could potentially be exposed 
to COPCs at the Site include site visitors.  Because residential exposures and associated risks are typically 
greater than exposures/risks to site visitors, a hypothetical residential scenario (that is, unrestricted land 
use) was assumed for the purpose of conservatively assessing potential human health risks in this RI. 

Soil 
Potentially complete soil-based exposure pathways exist for humans throughout the upland portion of the 
Site, via incidental soil ingestion, dermal contact with soil and inhalation of particulates.  In accordance 
with WAC 173-340-740, human health exposure to on-Site soil is evaluated based on the direct contact 
with soil exposure pathway (that is, incidental soil ingestion; unrestricted land use).  Screening levels 
applicable to the soil ingestion exposure pathway are discussed in Section 5.1. 

Groundwater 
No complete pathways exist for direct exposure of human receptors to COPCs in groundwater; however, 
people may be exposed to groundwater COPCs south of the AST area where groundwater seeps are 
apparent.  Additionally, people may be exposed to groundwater where it discharges to Port Townsend 
Bay.  Groundwater screening levels are discussed in Section 5.2.   

Surface Water 
A complete potential pathway exists for human exposure to COPCs in surface water in Port Townsend 
Bay via consumption of fish.  Screening levels applicable to this exposure pathway are discussed in 
Section 5.3. 

Human exposure to surface water from occasional incidental ingestion of water in the drainage at the 
northern end of the Site (while wading in the water, for example) was considered as a possible exposure 
pathway during development of the CSEM.  However, potential exposures from occasional incidental 
ingestion are unlikely to exceed the hypothetical human exposures from fish consumption 
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(bioaccumulation pathway) that form the basis for numerical criteria used in this RI to derive surface 
water screening levels. 

Sediment 
Potentially complete exposure pathways exist for human exposure to COPCs in intertidal sediments via 
incidental ingestion and dermal contact with sediment and ingestion of shellfish.  Screening levels 
applicable to the direct contact exposure pathways (that is, ingestion and dermal contact) are discussed in 
Section 5.3.  The shellfish ingestion exposure pathway was evaluated separately by the ATSDR (ATSDR, 
2008) and is discussed in Section 6.3. 

4.2.2  Potentially Complete Exposure Pathways – Ecological Receptors 

Several complete potential exposure pathways exist for ecological receptors under current and likely 
future Site use conditions.  Ecological receptors that may be exposed to COPCs include plants, soil biota 
and wildlife (mammals and birds) in the terrestrial environment, and benthic invertebrates and fish in the 
aquatic environment. 

Soil 
Potentially complete exposure pathways exist for exposure of terrestrial ecological receptors to COPCs 
throughout the upland area via direct contact (plants and soil biota), incidental ingestion (wildlife), and 
consumption of plants or soil biota (wildlife – bioaccumulation pathway).  Numerical criteria applicable 
to these exposure pathways that were used to derive soil screening levels are discussed in Section 5.1. 

Groundwater 
Potentially complete exposure pathways exist for exposure of terrestrial ecological receptors to COPCs in 
groundwater via direct contact (plants and soil biota).  However, because the depth to groundwater 
throughout most of the Site is greater than typical rooting or burrowing depths, these exposure pathways 
are assumed to be insignificant.  Ecological receptors may be exposed to COPCs in groundwater 
indirectly at locations where groundwater discharges to surface water in Port Townsend Bay.  Therefore, 
ecological exposure to groundwater is evaluated via potential surface water exposure. 

Surface Water 
A complete potential pathway exists for benthic invertebrate and fish exposure to COPCs in surface 
water.  Numerical criteria applicable to this exposure pathway that were used to derive surface water 
screening levels are discussed in Section 5.2. 

Sediment 
Complete potential pathways exist for exposure of aquatic ecological receptors to COPCs in Port 
Townsend Bay intertidal sediment via direct contact (benthic invertebrates, fish and shellfish) and 
consumption of benthic invertebrates and/or fish (wildlife – bioaccumulation pathway).  Numerical 
criteria applicable to these exposure pathways that were used to derive sediment screening levels are 
discussed in Section 6.4. 

5.0  SCREENING LEVELS 

Regulatory screening criteria were identified to evaluate analytical results and determine the extent of 
contamination.  The purpose of the screening criteria is to identify chemical concentrations that, if 
exceeded, could pose a risk to human health or the environment.  The screening levels are not the final 
cleanup levels.  This section discusses the numerical criteria used to derive the RI screening levels.  
Consistent with the MTCA Cleanup Regulation (Chapter 173-340 WAC; Ecology, 2007b), the 
development of screening levels also included identifying potential exposure pathways for human and 
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environmental impacts based on the current and planned future land use of the Site.  Potential exposure 
pathways are discussed in Section 4. 

5.1  SOIL 

Tables 1 through 4 show the soil analytical data evaluated in the RI.  Tables 1, 3, and 4 show the soil 
screening levels used to evaluate the RI soil analytical data, and the numerical criteria from which the 
screening levels were derived.  In general, the most conservative (lowest) published numerical values 
were selected from among the following criteria: 

• MTCA Method A Soil Cleanup Level for Unrestricted Land Uses.  MTCA Method A was used 
only to evaluate petroleum hydrocarbons in soil—specifically, to evaluate the potential of free 
product accumulating on Site groundwater.  MTCA Method A was also used for arsenic (based 
on natural background levels in soil) and lead (based on preventing unacceptable blood lead 
levels). 

• MTCA Method B Soil Cleanup Levels.  MTCA Method B values for human health protection, 
which are based on a residential (incidental soil ingestion) exposure scenario, were obtained from 
Ecology’s Cleanup Levels and Risk Calculations (CLARC) online database in February 2009.  
Where values were available for both carcinogenic and noncarcinogenic toxic effects, the lower 
value (typically the carcinogenic value) was used.  In addition, extractable petroleum 
hydrocarbon (EPH) analytical results were used to calculate a site-specific MTCA Method B soil 
cleanup level for TPH. 

• MTCA Ecological Indicator Soil Concentrations for Protection of Terrestrial Plants and 
Animals.  Section 2.2.2 of this report describes the ecological setting of the Site, including 
vegetation and wildlife species observed or expected to be present in the Site vicinity.  A site-
specific TEE was determined to be appropriate for the Site because: (1) the Site does not qualify 
for an exclusion from a TEE under WAC 173-340-7491(1); and (2) as defined in WAC 173-340-
7491(2), the Site “is located on, or directly adjacent to, an area where management or land use 
plans will maintain or restore native or semi-native vegetation.” 

A site-specific TEE was performed and is presented in Section 7.  The TEE evaluated plants, soil 
biota and wildlife and identified appropriate screening levels for each receptor.  These screening 
levels are presented in Tables 3 and 4.  The lowest applicable screening levels for plants, soil 
biota and wildlife were used. 

• Petroleum Hydrocarbons.  When comparing an analytical result to the screening level, the 
combined TPH concentration (sum of diesel-range and heavy oil-range petroleum hydrocarbons) 
was used.  In addition, a bioassay sediment screening level of 136 mg/kg, which was derived 
from sediment bioassays conducted on intertidal sediment samples (see Appendix D for details), 
was used to evaluate combined TPH concentrations in soil. 

• cPAHs.  The MTCA Method B formula value for benzo(a)pyrene protective of human health was 
used as the soil screening level for total cPAHs, calculated using the toxicity equivalent (TEQ) 
approach in accordance with WAC 173-340-708(8)(e).  In this RI, cPAH TEQs were calculated 
using 2005 California Environmental Protection Agency toxicity equivalency factors (TEFs) for 
humans (WAC 173-340-900, Table 708-2). 

• Natural Background.  Natural background concentrations for metals were considered when 
deriving soil screening levels, in accordance with WAC 173-340-705(6).  For any given COPC, if 
the lowest published numerical criterion was less than the natural background concentration, the 
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background concentration was used as the screening level.  Background concentrations were 
obtained from the following source:  Natural Background Soil Metals Concentrations in 
Washington State (Ecology, 1994).   

5.2  GROUNDWATER AND SURFACE WATER 

Tables 5 through 7 show the RI groundwater/surface water analytical data, the screening levels used to 
evaluate the RI groundwater and surface water analytical data, and the numerical criteria from which the 
screening levels were derived.  Groundwater at, or potentially affected by, the Site is not used for drinking 
water at this time and is not a reasonable future source of drinking water because of its proximity to 
marine surface water (as described in WAC 173-340-720(2)(d)).  In addition, Site groundwater discharges 
into Port Townsend Bay (marine water), making it improbable that there is, or could be, any 
interconnection between contaminated groundwater and any potential future source of groundwater. 

Preliminary groundwater/surface water cleanup levels were, therefore, selected from available state and 
federal surface water criteria as outlined in WAC 173-340-730(3).  Unless otherwise noted, the criteria 
below are applicable to groundwater and surface water.  In general, the most conservative (lowest) 
published numerical values were selected from among the following criteria: 

• Water Quality Standards for Surface Waters of the State of Washington.  These marine 
surface water criteria for protection of aquatic life (chronic exposures) are published in Chapter 
173-201A WAC. 

• Federal National Recommended Water Quality Criteria.  These marine surface water criteria 
for protection of aquatic life (chronic exposures) and human health (fish consumption) are 
established under Section 304 of the Clean Water Act. 

• National Toxics Rule Federal Water Quality Criteria.  These marine surface water criteria for 
protection of aquatic life (chronic exposures) and human health (fish consumption) are published 
in 40 C.F.R. 131.36. 

• MTCA Method B Formula Values.  MTCA Method B standard formula values for human health 
protection, which are based on human consumption of fish, were obtained from Ecology’s 
CLARC online database in February 2009.  Where values were available for both carcinogenic 
and noncarcinogenic toxic effects, the lower value (typically the carcinogenic value) was used. 

• Petroleum Hydrocarbons.  Numerical surface water criteria have not been established for 
petroleum hydrocarbons; therefore, as allowed by WAC 173-340-730(3)(b)(iii)(C), the Method A 
groundwater value of 500 micrograms per liter (µg/L) was used as the petroleum hydrocarbons 
screening level.  When comparing an analytical result to the screening level, the combined TPH 
concentration (sum of diesel-range and heavy oil-range petroleum hydrocarbons) was used. 

• MTCA Method A Cleanup Level for Groundwater.  MTCA Method A was used only to 
evaluate arsenic in groundwater. The MTCA Method A arsenic groundwater cleanup level is 
based on background concentrations for the State of Washingto and is not applicable to surface 
water samples collected at the Site.    

• Additional Considerations.  MTCA states that a cleanup level cannot result in the presence of 
nonaqueous phase liquid in or on the surface water.  Physical observations of groundwater and 
surface water were used as the screening criteria for this cleanup level.  MTCA describes physical 
observations as including lack of a film, sheen, discoloration, sludge or emulsion in surface water 
or adjoining shoreline (WAC 173-340-730(5)). 
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5.3  SEDIMENT 

Tables 8 through 16 show the RI sediment analytical data.  Tables 8, 9, 10, 12, 15 and 16 show the 
sediment screening levels used to evaluate the RI sediment analytical data, and the numerical criteria from 
which the screening levels were derived.  Published numerical values were selected from among the 
following criteria: 

• Sediment Management Standards.  The Sediment Quality Standard (SQS) and Cleanup 
Screening Level (CSL) criteria established under the SMS (Chapter 173-204 WAC; Ecology, 
1986) were used as the sediment screening levels for the Site.  The SQS criteria (WAC 173-204-
320 through 340) are established sediment quality goals that will result in no adverse effects on 
biological resources and no significant threat to human health.  The CSL criteria (WAC 173-204-
520 through 540) represent the threshold for minor adverse effects and potential threat to human 
health.   

• Petroleum Hydrocarbons.  SMS criteria have not been established for petroleum hydrocarbons; 
therefore, the MTCA Method A soil screening level of 2,000 mg/kg was used as a screening level 
for TPH in sediment.  Additionally, sediment bioassays were conducted on intertidal sediment 
samples at the Site.  A bioassay sediment screening level of 136 mg/kg was derived from the 
bioassays conducted on intertidal sediment samples (see Appendix D for details). 

6.0  REMEDIAL INVESTIGATION RESULTS 

6.1  PHYSICAL CHARACTERISTICS OF THE SITE 

Physical characterization of the Site is based on field observations and logging of soil from the 
explorations as well as previously published information.   

6.1.1  Soil 

The Site is underlain by a combination of fill and native soil.  The fill varies in thickness from zero to 
approximately 15 feet and is present along all of the near-shore area and beneath former building areas 
(details of the composition of the fill are outlined below).  Most of the upper foot or more of the Site has 
been disturbed by the prior industrial activities.  Native soils underlie the fill and consist of 
unconsolidated landslide deposits (Geology & Earth Resources, 2005).  Native soil encountered in 
explorations consisted of loose gray to brown sand with varying amounts of silt, shell fragments and 
gravel.   Native sediments exposed in the steeper portion of the Site consist of loose sand and silt.  A thin 
layer of topsoil and/or forest duff covers most of the upland portion of the Site. 

The fill material encountered beneath the Site is described below; although not all types are present 
everywhere.  Listed in general order from ground surface to deeper, they are: 

• Bricks and brick fragments from the former structures.  These materials are found around most of 
the former buildings and the area where the charcoal kilns were located.  Brick fragments are also 
common along the beach below the former kilns and on several of the paths through the park.  A 
layer of charcoal is present near the surface in the former kiln area. 

• Loose grey sand with gravel and shell fragments with occasional chips of wood and coke 
fragments.  Along the near-shore area where logs were formerly stored, there is a layer of woody 
material at the surface of the ground or/and mixed in with the granular material.  This appears to 
be the same material identified in explorations at the adjacent Chimacum Creek site as part of a 
cultural resource investigation (Eastern Washington University, 2005).  That study identified 
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approximately 2 to 8 feet of fill in the near-shore area and characterized the fill as a mixture of 
timber and dredged granular marine sediments. 

• Loose sand with slag and building debris, including some areas that are entirely slag.  This fill 
layer was identified in most of the Site seaward of the steel production buildings and boiler house 
complex.  It was not observed in the test pit (TP-01) at the blacksmith/machine shop buildings.  
This fill material is suspected to be associated with metal contamination at the Site.  This fill type 
is thickest (5 to 15 feet thick) near the former coke warehouse.  Along the shoreline near the 
former coke warehouse and wharf, there are areas that are composed entirely of slag and clinker2 

material.  Slag was not identified in the explorations adjacent to and beneath the AST area.  The 
near-shore area from the northern Site boundary southward to the vicinity of TP-12 does not 
contain significant slag. 

6.1.2  Hydrogeology 

Groundwater Occurrence 
Static groundwater measurements were obtained in the four monitoring wells in December 2007 and 
January 8 and 9, 2009.  Based on these measurements, shallow groundwater occurs about 4 to 6 feet bgs 
in the near-shore area.  These measurements were obtained during both falling and rising tidal cycles but 
do not represent conditions during extreme high or low tides.  Groundwater levels near Port Townsend 
Bay may be higher and lower during these tides.  Groundwater elevations based on these monitoring 
events are summarized in Table 17.  This table also shows the estimated tide elevation at the time of each 
measurement and the phase (rising or falling) of the tidal cycle.  Groundwater occurs in both fill material 
and native sediments.   

As expected based on the Site topography and confirmed through the groundwater monitoring results, 
groundwater flows from the upland to the east toward Port Townsend Bay, discharging in the intertidal 
area.  It should be noted that the monitoring well data are not representative of steeper portions of the 
upland because monitoring wells were not installed in these areas.  However, it is reasonable to assume 
that groundwater flows from these higher elevation areas toward the Bay.   

Precipitation is the main source of recharge to groundwater at the Site.  Other sources of recharge may 
include septic drainage fields and stormwater/irrigation runoff related to residences located upgradient of 
the Site. The water budget for the Port Townsend area, which includes the Site, indicates that 
groundwater is recharged November through March, but there is a deficit (no or limited recharge) during 
the remaining months of the year because of evapotranspiration (Ecology, 1981).  Overall, the annual 
water budget presented in the Ecology publication shows a small (0.6- to 4-inch) annual recharge to 
groundwater.  The actual groundwater budget at the Site may vary as a result of different geology and Site 
conditions than assumed in the Ecology study. 

Groundwater Use 
There are no groundwater supply wells located on the Site, and groundwater is not a current source of 
drinking water.  Based on our review of the Washington State Well Log Viewer (Ecology, 2007c) and the 
Ecology publication “Geology and Ground-Water Resources of Eastern Jefferson County, Washington,” 
dated April 1981 (Ecology, 1981), the closest water supply well is located about ½ mile southwest of the 
Site and about ½ mile inland from Port Townsend Bay.  This is considered too far a distance to be 
pertinent to this investigation. 

                                                      
2 Clinker refers to loose, medium-sized, rock-like pieces of slag, coke and other waste material from the steel-
making process. 
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Groundwater beneath the Site satisfies the criteria in MTCA (WAC 173-340-720) for classification as 
nonpotable groundwater.  MTCA provides for this classification at sites where there is an extremely low 
probability that the groundwater will be used as a potable water supply.  For groundwater to be 
considered as nonpotable, MTCA requires that certain conditions be satisfied.  These conditions (in 
italics), along with an accompanying explanation of why they are satisfied at this Site, are listed below. 

1. Not a current source of drinking water:  There are no water supply wells located on the Site.  

2. Contaminants unlikely to be transported to groundwater that is a current or potential future 
source of drinking water:  With the exception of TPH in one well, concentrations of chemicals 
greater than drinking water standards have not been identified in groundwater at the Site. There 
are no potable groundwater resources downgradient of the Site.  It is extremely unlikely that 
groundwater beneath the Site will be a future source of drinking water because: (a) the Site will 
remain a county park with no water supply well, (b) it is sufficiently connected (hydraulically) to 
Port Townsend Bay to be impracticable to use as a drinking water source, and (c) it is probably 
too shallow to be considered “the highest quality source feasible” as required under WAC 246-
290-130. 

3. There are known or projected points of entry of the groundwater into the surface water: 
Groundwater discharges to the adjacent Bay. 

4. The surface water is not classified as a suitable domestic water supply source under Chapter 
173-201A WAC:  Marine waters, including Port Townsend Bay, are not classified as a suitable 
domestic water supply source. 

5. The groundwater is sufficiently hydraulically connected to the surface water that the ground 
water is not practicable to use as a drinking water source:  Groundwater is in direct contact with 
surface water along the shoreline of the Site. 

6.1.3  Aquatic Habitat and Sediment Characteristics 

The Site is located on the southwestern shore of Port Townsend Bay and includes intertidal and subtidal 
areas, along with a small stream that enters the bay.  The beach along the Site is gently sloping, with 
steeper slopes on the southern quarter of the Site.  The beach is composed of granular marine sediments 
(sand, gravel and shell debris), with varying amounts of anthropogenic debris (brick and slag).  The 
adjacent subtidal environment consists mainly of silt and fine sand (see sediment descriptions below). 

Surface Water 
The drainage stream exists along the northern boundary of the Site (Figure 2).  This stream enters the Site 
near the northwestern Site boundary and discharges through a metal culvert on the beach near the 
northern corner of the Site.  The length of the portion of the drainage that is located on the Site is about 
500 feet.  The stream is about 10 to 20 feet wide and has a dense cover of vegetation, including 
Himalayan blackberry bushes.  The sources of water contributing to this drainage are not known, although 
one property owner stated it was “spring fed.”  The drainage originates in the housing area above the Site.  
Freshwater drainages provide nutrient loading, terrestrial and aquatic prey, chemical buffering, salinity 
buffering, and habitat structure (e.g., large woody debris) to the nearshore environment. 

Tides 
Information regarding tides affecting the Site is available from the Port Townsend National 
Oceanographic and Atmospheric Administration (NOAA) tide station (station ID 9444900), located about 
5 miles from the Site.  Information from this station describes a mean tidal range of 5.34 feet and a 
diurnal tidal range of 8.52 feet.  The mean range represents the average difference in height between 
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Looking north from south end of site at 
brick and cobble on intertidal beach. 

mean high water and mean low water.  The diurnal range represents the difference in height between 
mean higher high water (MHHW) and mean lower low water (MLLW).  The minimum water level is 
4.22 feet below MLLW, and the maximum water level is 3.21 feet above MHHW. 

Biota/Habitat 
The Site has a number of large native littleneck clams in the intertidal areas of sand, gravel and broken 
brick (WDFW, 2009).  Gastropods, tube worms, and hermit crabs were observed at the intertidal sediment 
sampling sites along with a high prevalence of shell debris.  Immediately north of the Site, an estuary was 
created where Chimacum Creek flows into Puget Sound.  The creek was historically known for good trout 
fishing, and a variety of shellfish were reported such as clams, geoduck, scallop, oysters, sea urchins, 
barnacles, and mussels from the tidelands (Eastern Washington University, 2005; WDFW, 2009).  
Chimacum Creek is native habitat for chum, coho, steelhead and cutthroat.  The shallow waters of the 
Chimacum tidelands contain eelgrass beds (Zostera spp., a seagrass), which provide nearshore rearing and 
migrating refuge habitat for Hood Canal Summer Run chum salmon (listed as threatened under the 
Endangered Species Act), other salmonids, and nearshore marine fishes (i.e., threespine stickleback and 
sculpins). 

The intertidal areas offshore and parallel to the Site contain both Ulva spp., a green macroalgae, and 
eelgrass.  Ulva was prevalent, found at 7 of 11 sediment sampling sites in the intertidal zone.  Eelgrass 
was found in only 2 of the 11 sampling sites.  Eelgrass beds are designated critical habitat for certain 
protected salmon runs.  Ulva has a high nutrient value (Kirby, 2001) and provides an important source of 
marine nitrogen, as detritus, that supports eelgrass growth.  Gastropods and clams use Ulva to anchor 
themselves and are consumed by various bird species.  The proximity of the Chimacum Creek tidelands 
and similar habitat characteristics indicate that the Site would similarly be utilized by migrating salmonids 
and other nearshore fishes. 

Intertidal Sediment 
(Information from SAIC’s Data Report dated April 14, 
2009; see Appendix D and GeoEngineers June and 
December 2007 sample events; see Appendix A for test pit 
logs): In the areas east of the former AST and south of the 
Slag Outcrop, the near-shore surface sediments are 
generally medium to coarse sand with shell fragments, 
bricks and occasional slag.  Surface sediments farther into 
the water generally consist of silty fine to medium sand 
with occasional shells and bricks.  The surface sediment at 
locations SED02 and SED11, which are closer to the Slag 
Outcrop, consist of coarse slag with sand and shell 
fragments.  Sediment at locations SED09 and SED22, 
which are the southernmost RI sediment sample locations, 
consists of brick and slag cobbles with medium to coarse 
sand and shells.  Surface sediments north of the former 
wharf generally consist of fine to medium sand with silt, shell fragments, and slag.    Intertidal surface 
sediments sampled in January 2009 were primarily medium sand and gravel. 

Hollow-stem auger borings were completed at five locations in this area.  Native sediments were 
identified throughout the boring completed at SED20, and fill was identified in borings SED18 and 
SED21 through 23 at depths ranging from 4 to 7 feet bgs.   
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Subtidal Sediment 
(Information from SAIC’s Data Report dated April 21, 2008; see Appendix C):  Subtidal surface 
sediments consist primarily of fine sand with silt with some shell debris, organic matter, and a slight to 
moderate sulfide odor.  Sand generally constituted 52 to 72 percent of the subtidal sediment samples.  
One station, ID-59-SD, was the only subtidal sample location composed primarily of silt (72 percent).  

6.2  ANALYTICAL DATA QUALITY 

EcoChem, Inc. is the Data Validation Contractor for this project and is responsible for quality assurance 
oversight of analytical data quality and data validation.  Appendix B of this RI/FS report contains the 
laboratory analytical reports for this RI.  The quality of analytical data generated during the RI was 
reviewed in detail by EcoChem, Inc., as presented in the Data Validation Reports included in Appendix 
B.  Analytical data were assessed against the data quality objectives established in the Quality Assurance 
Project Plan (GeoEngineers, 2007a).  In general, the analytical data obtained during this study are usable 
in defining the nature and extent of contamination, and in conducting human health and ecological risk 
assessments, feasibility studies and other decision-making processes.   

The usability of specific analytical data is indicated by a data quality “flag” in the analytical summary 
tables.  These flags are explained in the explanation for the analytical data summary tables.  Not all data 
reported by the analytical laboratories were considered usable.  These rejected data are not included in the 
tables or data summaries.  The most significant data quality issues identified during the data validation 
include the following: 

• Sample Data Group LF99:  The matrix spike/matrix spike duplicate analyses for this SDG were 
performed using sample SED06-070628-0-4.  Spiking compounds benzyl alcohol and benzoic 
acid were not recovered.  These two compounds were not detected in SED06-070628-0-4; 
therefore, the reporting limits were rejected. 

• Sample Data Group ME43:  The analytical laboratory archived sediment samples SED18-
071210-5, SED20-071212-1.5 and SED21-071210-5 three days past the 14-day holding time for 
semivolatile organic compound (SVOC) analyses by EPA Method 8270D and 8270D-SIM.  
Associated results and reporting limits were qualified as estimated (J/UJ). 

Aside from the two rejected non-detected compounds in SDG LF99, the data, as qualified, are acceptable 
for use in the RI/FS. 

6.3  NATURE AND EXTENT OF CONTAMINATION 

The soil, groundwater, surface water and sediment data discussed in this section are compared to the draft 
cleanup levels presented in Section 5.0. 

The RI analytical data were evaluated, and potential risks to human and ecological receptors were 
assessed, by comparing the analytical data to screening levels developed from published numerical 
criteria.  The screening levels used in this RI are presented in Tables 1, 3 through 10, 12, 15 and 16.  An 
exceedance of a screening level does not indicate that a cleanup action will be required.  Rather, screening 
levels are used in conjunction with the CSEM presented in Section 4.2 to assess relative risks associated 
with COPCs at the Site.  The potential risks posed by on-Site COPCs may be further evaluated as 
necessary during the FS to develop appropriate cleanup action alternatives. 
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6.3.1  Upland 

6.3.1.1  Soil 
Soil conditions at the Site were characterized by 
physical observations and field screening during 
exploration and chemical analytical tests on 
selected samples.  Soil samples were analyzed for 
one or more of the following constituents: arsenic, 
copper, iron, lead, nickel, zinc, petroleum 
hydrocarbons or PAHs.  The results of these tests 
were compared to the screening levels to identify 
areas with exceedances.  Soil samples were also 
obtained for bioassay tests to support the TEE (see 
Section 7.0). 

Petroleum Hydrocarbons 
Sixty-four soil samples were analyzed for petroleum hydrocarbons.  The concentrations ranged from not-
detected to 33,000 mg/kg (total of diesel- and heavy oil-range hydrocarbons) as shown in Table 1.  EPH 
results are shown in Table 2.  The oil identified in these samples was characterized by the analytical 
laboratory as “extremely” and “very” weathered oil, as would be expected if the source is the 90-year-old 
6,000-barrel AST.  Ecology’s chemist also reviewed the chromatographs from the analytical tests and 
identified the oil as heavy oil-range petroleum hydrocarbons.  The soil petroleum hydrocarbon results 
were compared to the MTCA Method A TPH soil screening level of 2,000 mg/kg throughout the Site and 
the sediment bioassay screening level of 136 mg/kg for soil samples collected near the former AST.  The 
sediment bioassay screening level was used to address concerns regarding erosion of upland soils south of 
the slag headland and adjacent to the former AST.  

Exceedances of the MTCA Method A TPH screening level of 2,000 mg/kg were limited to the area near 
the former AST in the upland and extending into the intertidal area.  As noted, petroleum hydrocarbon 
data from soil samples obtained in the vicinity of the former AST were also compared to the sediment 
bioassay screening level of 136 mg/kg.  TPH-contaminated soil appears to be located in an approximately 
3- to 12-foot-thick interval that extends from near the south side of the former AST to approximately 
60 feet seaward of the shoreline bank.  This is illustrated in Figure 8, which is a cross section through this 
area, and Figure 14, which shows the lateral boundary of the exceedances.  TPH exceedances in the 
sediment samples obtained from the intertidal area are discussed in Section 6.3.2. 

Field screening tests identified moderate and heavy oil sheens on samples from several test pits (see 
Table 1) near the former AST.  In most cases, the sheens were first encountered at the same depth where 
groundwater was first encountered in the test pit, which indicates that the sheens are the result of oil 
transport in groundwater rather than leakage from the ground surface.  The exception to this was in test 
pits TP11 and TP24, which are located on the south side of the AST.  No groundwater was encountered in 
either of these test pits, but heavy and moderate sheen was observed starting at 2 feet bgs and extending to 
the total depth of the test pits (8 and 4 feet, respectively).  The shallowest and highest concentrations of 
TPH were also identified in samples from these two test pits.   

Direct-push boring DP02 (MW02) was at the location of TP26.  At this location, combined TPH was 
detected at concentrations ranging from 9,400 to 18,800 mg/kg at depths ranging from 6.5 to 11 feet bgs.  
Combined TPH was not detected in samples obtained at 2 and 4 feet bgs and was detected at a 
concentration of 23 mg/kg in the sample obtained at a depth of 13 feet bgs.  This is the only sample 
location that identified the vertical extent of TPH contamination in soil.   

Overview of Upland Soil RI Results (Tables 1, 2, 3, 4) 

• Heavy oil concentrations exceeded MTCA Method A 
levels near south end of AST, extending into intertidal 
sediments.   

• Metal COCs exceeded human health and TEE 
screening levels at 15 sample locations.   Maximum 
depth of exceedance was 6 feet.  

• PAH exceedances associated with heavy oil 
exceedances and in area near TP02. 

• There were no exceedances in the near-shore fill 
area. See Section 3.2.1 for a description of the   
near-shore fill area. 
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In TP24, a 2-inch-diameter pipe was observed at a depth of 4 feet bgs.  The pipe appeared to extend from 
the former AST in a southeast direction.  A hole was observed in the pipe, and what appeared to be oil or 
an oil/water mixture leaked from this hole a few minutes after it was exposed.  Test pit TP24 was 
abandoned and TP25 was excavated adjacent to it.  However, at 1.5 feet bgs in TP25, a flat milled wood 
surface was encountered, and the test pit was backfilled.  The purpose and extent of the wood surface was 
not determined.  In TP11 at a depth of approximately 2 feet bgs, free product was observed when soil was 
disturbed on the side of the test pit closest to the AST.  These field observations and analytical results 
suggest that an oil release occurred near the south side of the former AST, possibly associated with piping 
in this area. 

Hollow-stem auger borings TP35/35A and TP36/36A were completed to delineate the horizontal extent of 
TPH contamination.  Field screening results for TPH were negative, and TPH was not detected in samples 
obtained at these two locations.   

The intertidal area below the AST was visually inspected for oil seeps several times during the RI.  We 
did not observe any oil seeps. 

Metals 
The laboratory analyzed 126 soil samples for metals (primarily arsenic, copper, iron, lead, nickel and 
zinc).  In addition, six slag samples were analyzed for metals.  Arsenic, copper, iron, nickel, lead and zinc 
were detected at concentrations greater than human health or TEE soil screening levels in at least one soil 
sample.  Soil metals results are presented in Table 3.  Metals exceedances are located in four general areas 
of the Site:  the steel production building; the power, engine and boiler house complex; the vicinity of test 
pit TP08 (TP08 is located immediately seaward of the 6,000-barrel AST), and the slag outcrop area.  
These three areas are described in detail below. 

• Steel Production Building – Metals were detected at concentrations greater than human health 
or TEE soil screening levels at soil sample locations TP-6 (obtained by Hart Crowser), 
TP22/TP30 and TP40.  Soil concentrations of arsenic and iron exceeded human health screening 
levels, and concentrations of arsenic, copper and nickel exceeded TEE screening levels.  At 
sample location TP-6, an initial sample was obtained in 1996 by Hart Crowser at a depth of 0.5 to 
2 feet, and a follow-up sample was obtained at approximately the same location in 2008 by 
GeoEngineers at a depth of 1 foot bgs; deeper samples were not obtained at this location.  At 
sample locations TP22 and TP30, which were obtained adjacent to each other, and TP40, the 
exceedances of soil screening levels were in shallow soil samples obtained between 0.5 and 2 feet 
bgs.  Metals concentrations in soil samples obtained from depths of 3 to 5 feet bgs at these 
locations were less the soil screening levels, indicating that metals contamination at the steel 
production building may be limited to the top few feet of fill material.  The metals exceedances at 
sample locations TP22/TP30 and TP40 (arsenic, copper, iron and nickel) ranged from 2 to almost 
25 times the soil screening levels, but the exceedances at sample location TP-6 (copper and iron) 
ranged from only 1 to 2 times the screening levels.  Lastly, elevated concentrations of metals 
(chromium, copper, lead and zinc) were detected in at least one of the two slag samples (SS-3 and 
SS7) that were obtained within or near the steel production building.  Because the metals in the 
slag are not expected to be readily bioavailable (that is, the slag is in a rock-like form that will 
limit ingestion and dermal contact with metals in the slag), these elevated metals concentrations 
do not indicate an immediate concern to human health and the environment.  Slag samples SS-3 
and SS7 were submitted for TCLP analysis of arsenic and lead; neither metal was detected (see 
Table 3).  However, erosion and weathering of the slag may be a future source of metals 
contamination in this area.   
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• Power, Engine and Boiler House Complex:  Metals were detected at concentrations greater 
than human health or TEE soil screening levels at soil sample locations SS3, SS4, TP02, and 
TP03.  As shown in Figures 9 and 10, samples from locations SS3 and TP02 were obtained at, or 
very close to, the same location.  Soil concentrations of arsenic, iron and lead exceeded human 
health screening levels, and concentrations of arsenic, copper, lead, nickel and zinc exceeded 
TEE screening levels.  At sample location SS4, a surface soil sample (exact depth is not known) 
was obtained in 2001 by Jefferson County; deeper samples were not obtained at this location.  
Zinc was detected at SS4 at a concentration of 268 mg/kg, which exceeds that plant soil screening 
level of 160 mg/kg.  No other screening levels were exceeded at this location.  At sample 
locations TP02/SS3, three soil samples were obtained during two RI sampling events at depths 
ranging from 2 to 3 feet bgs, and one surface soil sample (SS3; exact depth is not known) was 
obtained in 2001.  Metals exceedances at TP02/SS3 occurred in only one of the three RI samples 
and the 2001 surface soil sample.  In addition, the maximum metals exceedance (versus human 
health or TEE soil screening levels) was less than 2.5 times the soil screening levels.  These 
results indicate that the metals concentrations at or near TP02/SS3 are only somewhat elevated 
and are also sporadic.  The metals concentrations at TP03, however, are much more elevated, 
with exceedances ranging up to 11 times the soil screening levels.  Arsenic, iron and lead were 
detected at concentrations greater than human health screening levels, and arsenic, copper, lead, 
nickel and zinc were detected at concentrations greater than TEE screening levels.  Four soil 
samples (plus a sample obtained for arsenic speciation) were obtained at TP03 at depths ranging 
from 1 to 4 feet bgs.  However, the sample obtained at 4 feet bgs was not submitted for chemical 
analysis.  The metals results from these three locations indicate significantly elevated metals 
concentrations at TP03, with slightly elevated metals concentrations at TP02/SS3 and SS4. 

• TP08 (seaward of AST) Vicinity:  Metals were detected at concentrations greater than human 
health or TEE soil screening levels at soil sample locations DP01, GEISS1, TP08, TP-11 
(obtained by Hart Crowser), TP32, TP33 and TP34.  As shown in Figures 9 and 10, samples from 
locations TP-11 and GEISS1 were obtained at, or very close to, the same location.  Slightly 
elevated metals concentrations were also detected at sample location TP28.  Soil concentrations 
of arsenic, copper (at one location only) and iron exceeded human health screening levels, and 
concentrations of arsenic, copper, lead and zinc exceeded TEE screening levels.  As shown in 
Figure 9, human health exceedances in this area are generally limited to samples obtained from 
deeper than 2 to 3 feet bgs.  The exception is sample location TP32, where elevated 
concentrations of arsenic, copper, iron and zinc were detected in samples obtained between 0 and 
3 feet bgs (there were no human health exceedances in the soil sample obtained at a depth of 
5 feet bgs at this location).  At sample location TP28, copper and nickel were detected at 
concentrations slightly greater than their respective plant soil screening levels in a soil sample 
obtained at a depth of 5 feet bgs.  As shown in Figure 10, elevated concentrations of metals were 
not detected in other soil samples obtained in the immediate vicinity of TP28.  The metals results 
from the TP08 vicinity indicate that exceedances of human health screening levels are generally 
limited to subsurface soil (with TP32 being the exception).  Metals were also detected at TP32 in 
surface soil samples at concentrations greater than TEE soil screening levels. 

• Slag Outcrop Area:  Metals were detected at concentrations greater than human health or TEE 
soil screening levels at slag sample location SLAG1.  Slag concentrations of arsenic, copper, and 
iron exceeded human health screening levels, and concentrations of arsenic, copper, and nickel 
exceeded TEE screening levels.  GeoEngineers also obtained slag sample SLAG2 from the slag 
out crop area; no metals were detected at concentrations greater than human health or TEE soil 
screening levels in sample SLAG2.  Because the metals in the slag are not expected to be readily 
bioavailable (that is, the slag is in a rock-like form that will limit ingestion and dermal contact 
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with metals in the slag), the elevated metals concentrations in SLAG1 do not indicate an 
immediate concern to human health and the environment.  In addition, metals were not detected 
in intertidal sediment samples at concentrations greater than sediment screening levels.  
Therefore, this area was not identified in the FS as an area requiring remedial action; however, 
the slag outcrop area is evaluated in the FS as a slag removal area associated with shoreline 
restoration activities common to FS Alternatives 2 through 5 (see Section 9 for additional details 
on incorporation of slag removal into shoreline restoration activities). 

Polycyclic aromatic hydrocarbons (PAHs) 
The cPAH TEQ3 concentrations in soil at sample locations TP02, TP11, TP24 and TP26 are greater than 
the soil screening level for cPAHs (Table 4).  The exceedances at TP11, TP24 and TP26 are likely 
associated with heavy oil that was also identified in these samples.  cPAH concentrations at these three 
locations ranged from 54 to 590 micrograms per kilogram (µg/kg).   

6.3.1.2  Groundwater 
Groundwater samples obtained from monitoring wells MW02 through MW05 were analyzed for total and 
dissolved metals (arsenic, copper, iron, lead, 
nickel and zinc), petroleum hydrocarbons and 
PAHs.  The two grab groundwater samples 
obtained from direct-push borings DP01 and 
DP07 were analyzed for total metals and 
petroleum hydrocarbons.    

Groundwater samples obtained from monitoring wells are considered more representative of groundwater 
quality than groundwater samples obtained from direct-push borings.  Although groundwater samples 
obtained from the direct-push borings are useful to determine an order of magnitude characterization of 
potential contamination, the analytical results are typically biased high.  There are three main reasons for 
the high bias of direct-push boring samples and the greater representative nature of monitoring well 
samples: (1) samples obtained from direct-push borings are one-time grab samples and the analytical 
results cannot be verified; (2) the short collection time for the grab groundwater samples is often 
insufficient for equilibration with surrounding water; and (3) grab groundwater samples are often turbid 
because it is difficult to properly develop the temporary sample screen.   

Petroleum Hydrocarbons 
Petroleum hydrocarbon concentrations exceeding the MTCA Method A groundwater screening level were 
identified only in samples from monitoring well MW02 (Table 5).  This well is located near the former 
AST and in the area where high concentrations of petroleum hydrocarbons were identified in soil.  
Groundwater in MW-02 also contained evidence of free product in the form of blebs of oil and heavy 
sheen on the purge water extracted during sampling.  Combined TPH concentrations in samples obtained 
from MW02 ranged from 1.1 to 3.5 milligrams per liter (mg/L)4.  The MTCA Method A screening 
criterion is 0.5 mg/L.  The hydrocarbon identification analyses of the samples from MW-02 indicate that 
the TPH consists of diesel-range and motor oil-range organic compounds.  The analytical results indicate 
that these two ranges are present in similar concentrations in the samples obtained from MW02.  TPH was 
not detected in samples from the other monitoring wells or from the direct-push borings. 

                                                      
3 Regulatory evaluation of cPAHs is completed using Ecology’s TEQ methodology.  This methodology is completed by multiplying the detected 
concentrations of specific analytes by their respective TEFs.  The results of the calculations are then added to produce a TEQ concentration.   
4 Duplicate samples from this well had non-detectable (<0.50 mg/L) TPH. 

Overview of Groundwater RI Results (Tables 5, 6, 7) 

• Copper and nickel exceeded in MW-2 located near 
former AST and MW-3 located in area with slag fill. 

• TPH exceeded in MW-2 located adjacent to former AST. 
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Metals 
In general, dissolved metal concentrations were 70 to 100 percent of total metal concentrations except for 
iron.  Dissolved iron concentrations were 50 percent or less of the total iron concentrations.  Total metal 
concentrations were compared to MTCA Method A groundwater cleanup levels (arsenic only), human 
health marine surface water screening levels (based on organism ingestion only) and MTCA Method B 
surface water cleanup levels, and dissolved metal concentrations were compared to MTCA Method A 
groundwater cleanup levels (arsenic only) and the aquatic life marine chronic surface water screening 
levels, which are based on dissolved rather than total concentrations (Table 6).  There were no 
exceedances for zinc or lead.  Arsenic, copper and nickel exceedances are discussed below. 

Total and dissolved arsenic were detected at 
concentrations less than the MTCA Method A 
groundwater screening level of 5 µg/L in the four 
monitoring wells.  However, total arsenic was 
detected at concentrations of 16.4 and 105 µg/L in 
the direct-push grab groundwater samples.   

Dissolved copper and nickel exceeded the aquatic 
life marine chronic surface water screening level 
(2.4 and 8.2 µg/L) in samples obtained from 
monitoring wells MW02 and MW03.  Copper and 
nickel were not detected or were detected at 
concentrations less than surface water screening 
levels in samples obtained from monitoring wells 
MW04 and MW05.  Total and dissolved copper 
concentrations ranged from less than 2 to 12 µg/L 
in the monitoring wells, and total copper 
concentrations ranged from 282 and 329 µg/L in 
the direct-push samples.  Total nickel 
concentrations ranged from 3.4 to 48.2 µg/L in the monitoring wells, and 40 and 100 µg/L in the direct-
push samples.  Dissolved nickel concentrations ranged from 3 to 53.4 µg/L in the monitoring wells. 

Carcinogenic polycyclic aromatic hydrocarbons (cPAHs) 
The cPAH TEQ5 concentration in one groundwater sample obtained in June 2007 from MW-2 is greater 
than the cPAH surface water screening level (Table 7).  This exceedance is primarily the result of 
elevated method reporting limits (chrysene was the only cPAH detected in the groundwater sample).  In 
addition, no individual cPAHs were detected in the duplicate groundwater sample obtained from MW-2 
in June 2007.  The cPAH TEQ concentration detected in groundwater samples obtained from MW-2 in 
December 2007 and January 2009 were less than the cPAH surface water screening level.  However, the 
duplicate groundwater sample obtained from MW-2 in January 2009 is greater than the cPAH surface 
water screening level (Table 7).  The lowest surface water screening level for cPAHs is 0.018 µg/L 
(human health marine).   

  

                                                      
5 Regulatory evaluation of cPAHs is completed using Ecology’s TEQ methodology.  This methodology is completed by multiplying the detected 
concentrations of specific analytes by their respective TEFs.  The results of the calculations are then added to produce a TEQ concentration.   

Summary of Groundwater Metal Exceedances in 
Samples from Monitoring Wells 

SWSL1 Arsenic Copper Nickel 

Aquatic Life 
Marine 
Chronic 

(dissolved 
metals) None 

MW02; 
MW03 

MW02; 
MW03 

Human Health 
Marine 

(total metals) None None None 

MTCA Method 
B Surface 

Water 
(total metals) 

None None None 

1SWSL = surface water screening level (see Table 6)  
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6.3.1.3  Surface Water 

Two surface water samples, one upstream (SW01) and one 
downstream (SW02) from within the surface water drainage 
ditch along the north Site boundary, were analyzed for total 
and dissolved metals.  The only exceedances of surface water 
screening levels were for arsenic in both samples and copper 
in SW02 (copper was not detected in the duplicate SW02 
sample; Table 6).  Arsenic concentrations ranged from 
0.92 µg/L (dissolved) to 1.4 µg/L (total).  The arsenic 
concentrations were about the same in the two samples (difference of 0.01 µg/L for dissolved arsenic and 
0.1 µg/L for total arsenic). 

The dissolved metal concentrations were similar in the downstream sample and the upstream sample.  
This indicates that contamination at the Site is not impacting water in the surface drainage.  With the 
exception of iron, the concentrations of metals identified in the surface water samples are similar to the 
concentrations identified in the groundwater sample obtained from the closest monitoring well (MW04).  
The concentration of iron was lower in the groundwater sample:  190 µg/L versus 1,360 µg/L in surface 
water sample SW02.  Groundwater elevation data (Section 6.1.2) suggest that groundwater and surface 
water in the drainage are hydrologically connected in the vicinity of MW04. 

6.3.2  Sediment-Marine 

Sediment conditions at the Site were 
characterized by physical observations and field 
screening during exploration and chemical 
analytical tests on selected samples.  Sediment 
samples were analyzed for SMS analytes and 
petroleum hydrocarbons.  The results from these 
tests were compared to the sediment screening 
levels to identify areas with exceedances.  

6.3.2.1  SMS Analytes 
As shown in Tables 9 through 13, there were no SMS analytes were detected at concentrations greater 
than the SMS criteria in the bioactive zone of 0 to 4 inches bgs (see discussion of sediment sample BS3 
below).  Benzo(a)pyrene and chrysene were detected at intertidal sediment location SED02, at a depth of 
4 to 18 inches.  The exceedances for these two cPAHs were based on a comparison of dry weight 
sediment concentrations versus dry weight sediment screening levels.  The dry weight comparison was 
necessary due to the elevated total organic carbon (TOC) concentration of 10.4 percent in sample SED02-
070628-4-18.  This dry weight comparison was also performed for the remaining sediment samples (see 
Table 9b, 10b, and 12b).  2,4-dimethylphenol was detected at concentrations greater than SMS criteria at 
locations SED18 and SED20 (at depths of 5 and 1.5 feet, respectively).  2,4-dimethylphenol was not 
detected in other sediment samples collected at the Site. 

Copper was detected in sediment sample BS3 at a concentration of 412 mg/kg, which is slightly greater 
than the SMS criteria of 390 mg/kg.  The approximate location of sample BS3 is shown on Figure 3.  The 
Jefferson County sample location figure included in the 2001 SHA report shows this sample as a subtidal 
sample, however, the text describes sample BS3 as a beach sample.  Because the actual sample location is 
highly uncertain, the sample depth is not known, the copper concentration only slightly exceeds the SMS 
criteria, and copper concentrations in sediment samples obtained as part of this RI were less than the SMS 
criteria, therefore this sample is not discussed further in this report. 

Overview of Surface Water RI Results 
(Tables 5, 6, 7) 

• Only exceedances are for arsenic and 
for copper.  

• Upstream and downstream analytical 
results are similar, indicating that 
contamination at the Site is not 
impacting water in the surface drainage. 

Overview of Sediment RI Results (Figure 11) 

• No exceedances of SMS criteria in bioactive zone of 
0 to 4 inches bgs. 

• MTCA Method A soil screening level exceeded at six 
intertidal sediment sample locations at depths below 
the bioactive zone of 0 to 4 inches bgs. 

• Sediment bioassay screening level exceeded in 
thirteen intertidal sediment sample locations. 

• No exceedances of SMS or sediment bioassay 
screening level in subtidal sediment samples. 
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6.3.2.2  Petroleum Hydrocarbons 
Thirty-four sediment samples were obtained during the RI and analyzed for TPH (Table 8).  The 
concentrations ranged from not-detected to 15,700 mg/kg (total of diesel- and heavy oil-range petroleum 
hydrocarbons).  The oil identified in these samples was characterized by the analytical laboratory as 
“extremely” and “very” weathered oil, similar to that detected in soil.  Based on chromatographs from the 
analytical tests, Ecology’s chemist identified the oil as heavy oil-range petroleum hydrocarbons. This 
description of the oil is consistent with oil identified in the upland and consistent with the historic uses at 
the Site.  In addition, Hart Crowser obtained two sediment samples in 1996, Ecology obtained three 
sediment samples in 2005, and Jefferson County obtained 36 sediment samples (from 12 locations) in 
2007.  Note that the locations of the 2005 sediment samples appear to be in the area of TPH 
contamination identified in the Jefferson County and RI sediment samples; however, the exact location of 
these samples is not known.  The TPH concentrations in the 2005 sediment samples range from 550 to 
40,600 mg/kg. 

Exceedances of the bioassay sediment screening level of 136 mg/kg are shown in Figure 11 (see 
Appendix D).  TPH-contaminated sediment appears to be located in an approximately 5- to 12-foot-thick 
interval that extends from the shoreline east of the former AST to approximately 50 feet seaward of the 
shoreline bank.  This location of the contamination is illustrated in Figure 8, which is a cross section 
through this area, and Figure 14, which shows the lateral boundary of the sediment exceedances.   

7.0  TERRESTRIAL ECOLOGICAL EVALUATION  

GeoEngineers conducted a TEE to evaluate whether contaminants detected in upland soil at the Site pose 
a threat to the terrestrial receptors (that is, plants, soil biota and wildlife).  After the June 2007 sampling 
event, GeoEngineers compared chemical analytical results from soil samples obtained at the Site through 
June 2007 (including applicable historical data) to MTCA site-specific ecological indicator soil 
concentrations (Site-specific TEE screening values; MTCA Table 749-3).  The results of this comparison 
indicated that metals were present in soil at concentrations greater than site-specific TEE screening values 
protective of plants, soil biota and wildlife, and that petroleum hydrocarbons (diesel-range petroleum 
hydrocarbons and motor oil) were present in soil at concentrations greater than site-specific TEE 
screening values protective of soil biota and wildlife.  Based on this initial evaluation, Ecology 
recommended additional upland sampling (soil, flora and fauna) and soil bioassays to calculate            
site-specific TEE screening values (Figure 5).   

7.1  PLANTS 

Arsenic, copper, lead, nickel and zinc were detected in historical soil samples (samples obtained by others 
prior to this RI) and/or soil samples obtained by GeoEngineers in June 2007 at concentrations greater than 
the soil plant TEE screening values (MTCA Table 749-3).  In order to calculate site-specific plant TEE 
screening levels for metals, GeoEngineers obtained soil samples, and Newfields conducted plant 
bioassays. 

7.1.1  Plant Bioassay for Metals Evaluation 

The objective of the plant bioassay was to establish site-specific plant TEE screening concentrations for 
metals.  The plant bioassay consists of germinating and growing lettuce seeds in Site soils.  GeoEngineers 
obtained 15 soil samples during the June 2008 sampling event for inclusion in the metals soil biota 
bioassays, as shown in Figure 4.  Soil samples obtained from locations TP10, TP12 and TP42 were not 
retained for use in the plant bioassays.  These samples were excluded because the chemical analytical 
results for the 15 soil samples showed a sufficient number of samples with low-level metal concentrations 
without retaining these three samples.  The chemical analytical results are presented in Table 3.   



REVISED DRAFT 

File No. 0504-042-00 Page 35  
August 13, 2009 

Newfields followed Ecology’s “Early Seedling Growth Protocol for Soil Toxicity Screening” (Publication 
No. 96-324) when completing the plant bioassay using the 12 selected soil samples.  Two 14-day early 
seedling bioassays were performed on soils from the Site.  The initial test was initiated on June 23, 2008.  
Because of low germination of the artificial soil control, the second test was initiated on August 8, 2008.  
According to Newfields (see Appendix E), statistical analyses of the plant responses during the second 
test and associated metals concentrations did not result in any definitive relationships.  Therefore, because 
the plant bioassay results were inconclusive, Ecology recommended that EPA Soil Screening Levels be 
used as plant screening levels in this RI. 

7.1.2  Plant TEE Evaluation 

Soil sample locations where metals were detected at concentrations greater than the plant soil screening 
levels are shown in Figure 10.  Nickel was detected at concentrations slightly greater than the plant 
screening level of 48 mg/kg at three additional sample locations (TP26, TP37 and TP38); however, these 
sample locations are not shown in Figure 11 because the exceedances are slight and are from samples 
obtained at depths ranging from 5 to 6.5 feet, which is the conditional point of compliance (6 feet) for 
ecological receptors, and because nickel concentrations in shallower soil samples at each location are less 
than the plant screening criteria.  The nickel, plant soil, screening level is based on Puget Sound 
background soil concentration because the EPA soil screening level of 38 mg/kg is less than background 
nickel concentrations.  These three sample locations (and copper at TP43) are discussed further in the 
following sections. 

• TP26.  Nickel was detected in soil at TP26 at a concentration of 49 mg/kg at a sample depth of 
6.5 feet, which is below the conditional point of compliance of 6 feet for terrestrial receptors.  
Nickel was also detected at TP26 at a concentration of 35 mg/kg at a depth of 2 feet.  

• TP37.  Nickel was detected in soil at TP37 at a concentration of 52 mg/kg at a sample depth of 
5.5 feet.  Nickel was also detected at TP37 at a concentration of 32 mg/kg at a depth of 1.5 feet.   

• TP38.  Nickel was detected in soil at TP38 at a concentration of 51 mg/kg at a sample depth of 
5 feet.  Nickel was also detected at TP38 at concentrations of 33 and 36 mg/kg at depths of 1 and 
2 feet, respectively. 

• TP43.  Copper was detected in soil at TP43 at concentrations of 71.8 and 250 mg/kg at depths of 
5.5 and 10 feet, respectively.  The EPA soil screening level for copper is 70 mg/kg, although the 
MTCA default plant soil screening level is 100 mg/kg (from MTCA Table 749-3).  We do not 
consider copper to be an exceedance at TP43 within the biologically active zone/conditional point 
of compliance because the copper concentration of 71.8 mg/kg: (1) was detected in a soil sample 
obtained at a depth of 5.5 feet, which is close to the conditional point of compliance for terrestrial 
receptors; (2) only slightly exceeds the EPA soil screening level; and (3) is less than the MTCA 
default plant soil screening level.  However, copper is identified as an exceedance at TP43 below 
the biologically active zone/conditional point of compliance because of the copper detection of 
250 mg/kg at a depth of 10 feet. 

7.2  SOIL BIOTA 

Arsenic, copper, lead, zinc and diesel-range petroleum hydrocarbons were detected in historical soil 
samples and/or soil samples obtained by GeoEngineers in June 2007 at concentrations greater than the 
soil biota TEE screening values (MTCA Table 749-3).  In order to calculate site-specific soil biota TEE 
screening levels for metals and TPH, GeoEngineers obtained soil samples and Newfields conducted soil 
biota bioassays. 
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7.2.1  Soil Biota Bioassay for TPH Evaluation 

The objective of the soil biota bioassay was to establish site-specific soil concentrations that are 
protective of soil biota at the Site.  The soil biota (earthworm) bioassay consists of adding earthworms to 
field collected Site soils; the primary test endpoint is mortality after 14 days exposure.  GeoEngineers 
obtained four soil samples in June 2008 for potential inclusion in the TPH soil biota bioassays, as shown 
in Figure 4.  Two samples were obtained from areas with known TPH contamination (TP11 and TP24, 
both adjacent to the AST) and two at locations not impacted by TPH (that is, TPH background locations; 
TP15-CS-080606-2 and TP23-BA-080606-2).  These four soil samples were submitted for chemical 
analysis of diesel- and oil-range petroleum hydrocarbons following Ecology’s NWTPH-Dx method.  
Combined TPH was detected in samples TP11-BA-080606-3 and TP24-BA-080606-3 at concentrations 
of 9,300 mg/kg and 9,400 mg/kg, respectively.  As for the background locations, Combined TPH was 
detected in samples TP15-CS-080606-2 and TP23-BA-080606-2 at concentrations of 150 mg/kg and 
12 mg/kg, respectively.  GeoEngineers, in consultation with Ecology, selected samples TP11-BA-
080606-3 and TP23-BA-080606-2 for inclusion in the soil biota bioassays because they are a similar soil 
type.  Additionally, sample TP24-BA-080606-3 was wet (depth to groundwater was approximately 
2.5 feet at this location) and sample TP15-CS-080606-2 contained organic compounds and shells. 

After the soil samples to be used in the bioassay were identified, Newfields prepared five additional soil 
samples by serially diluting the source sample (TP11-BA-080606-3) with the background sample (TP23-
BA-080606-2) using a 0.5x dilution series (that is, 0.5, 0.25, 0.12, 0.06 and 0.03).  The source sample is 
also referred to as the 100 percent treatment; the 0.5 dilutions are referred to as the 50 percent, 25 percent, 
12 percent, 6 percent, and 3 percent treatments.  These additional samples were then submitted to the 
analytical laboratory for chemical analysis following Ecology’s NWTPH-Dx method.  TP-11-BA-
080606-3 was resubmitted at the same time to avoid any potential holding time issues.  The chemical 
analytical results from this serial dilution series are presented in Table 2 of Newfield’s “Biological 
Testing of Soils from the Irondale Iron and Steel Plant Site, Irondale, WA,” dated February 2009 (see 
Appendix E). 

Newfields then completed the soil bioassay following Ecology’s “Earthworm Bioassay Protocol for Soil 
Toxicity Screening” (Publication No. 96-327).  Reduced survival was noted in the 50 percent and 
100 percent treatments; however, there was variability in the three replicates conducted at each treatment 
level, with 100 percent survival in two of the three replicates at the 50 percent and 100 percent treatments.  
Based on this variability, Newfields determined that the reduced survival was not statistically significant.  
Therefore, the Combined TPH soil screening level for soil biota is 5,200 mg/kg.  Because this value is 
greater than the MTCA Method A soil cleanup level for diesel- and heavy oil-range petroleum 
hydrocarbons of 2,000 mg/kg, it was not used to evaluate the extent of petroleum contamination. 

7.2.2  Soil Biota Bioassay for Metals Evaluation 

The objective of the soil biota bioassay was to establish site-specific soil biota TEE screening 
concentrations for metals.  The soil samples obtained for this bioassay and rationale for 
including/excluding samples to use in the bioassay are described in Section 7.1.1.   

Newfields then completed the soil bioassay following Ecology’s “Earthworm Bioassay Protocol for Soil 
Toxicity Screening” (Publication No. 96-327).  Survival in the control sample was 100 percent, although 
survival in the test treatments ranged from 97 to 100 percent.  Site-specific soil screening levels for metals 
protective of soil biota (earthworms) were not calculated because the earthworms were not adversely 
affected by the metals in soil and because a number of the June 2008 soil samples were obtained from 
areas with the highest known metals concentrations.  
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7.2.3  Soil Biota TEE Evaluation 

Soil sample locations where petroleum hydrocarbons were detected at concentrations greater than the soil 
biota soil screening level are shown in Figure 11 (sample locations TP11, TP24, and TP26/DP02).   

7.3  WILDLIFE 

Arsenic, copper, lead, zinc and diesel-range petroleum hydrocarbons were detected in historical soil 
samples and/or soil samples obtained by GeoEngineers in June 2007 at concentrations greater than the 
wildlife TEE screening values (MTCA Table 749-3).  In order to calculate site-specific wildlife TEE 
screening levels for metals and TPH, GeoEngineers obtained collocated soil and earthworm samples (that 
is, soil and earthworm samples were obtained at the same location) in December 2007 and co-located soil 
and plant samples in June 2008.  Plant material obtained included the following: trialing blackberry 
(Rubus ursinus), Douglas fir seedlings (Pseudotsuga menziesii), snowberry (Symphoricarpos), 
thimbleberry (Rubus parviflorus), and Himalayan blackberry (Rubus discolor). 

The chemical analytical results from the co-located samples were used to calculate site-specific 
earthworm bioaccumulation factors (BAF) and site-specific plant uptake coefficients, which were then 
used to calculate site-specific wildlife (mammalian predator, avian predator and mammalian herbivore) 
TEE screening values.  This analysis assumes that the earthworms and plant species are ingested by 
certain indicator wildlife (mammalian predator and herbivore and avian) species. 

7.3.1  Soil Samples for Arsenic Speciation 

GeoEngineers obtained four soil samples in June 2008 at areas with known arsenic contamination (TP03 
at the former power house/engine house, TP08 and TP32 northeast of the former AST, and TP22 within 
the footprint of the steel production building).  The objective of submitting soil samples for arsenic 
speciation was to determine the form of arsenic (III or V) present at the Site.  The chemical analytical 
results, which are presented in Table 3, indicate that 99 to 100 percent of the arsenic in soil at the Site is 
arsenic V.  Therefore, wildlife screening levels for arsenic are based on arsenic V. 

7.3.2  Soil and Earthworm Samples to Evaluate Metals Uptake by Earthworms 

The chemical analytical results for the soil and earthworm samples are presented in Table 18.  The 
analytical laboratory reported the earthworm results as wet weight concentrations.  GeoEngineers 
converted the wet weight concentrations to dry weight using an assumed earthworm percent moisture of 
84 percent (EPA, 1993).  Site-specific bioaccumulation factors (BAFs) were then calculated by dividing 
the earthworm dry weight concentrations by the co-located soil dry weight concentrations.  Table 18 
presents the maximum and average site-specific BAFs and the MTCA default BAFs (Table 749-4) for 
arsenic, copper, iron, lead, nickel and zinc.  The average site-specific BAFs were used to calculate site-
specific wildlife screening levels (for avian and mammalian predators) based on discussions with Ecology 
(GeoEngineers, 2008).   

Table 20 presents the site-specific wildlife screening level calculations using the MTCA default BAFs 
and the average site-specific BAFs.  As shown in Table 20, the site-specific wildlife screening level for 
zinc of 110 mg/kg is less than the MTCA default wildlife screening level for zinc of 360 mg/kg.  Both 
values are based on the avian predator (robin) equation provided in MTCA Table 749-4.  However, 
because the MTCA default wildlife screening levels (referred to as “Ecological Indicator Soil 
Concentrations” in MTCA Table 749-3) are “expected to be protective at any MTCA site,” Ecology 
recommended using the MTCA default wildlife screening level for zinc (Ecology, 2009).  The values that 
were selected as wildlife soil screening levels are highlighted in Table 20. 
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7.3.3  Soil and Plant Samples to Evaluate Metals Uptake by Plants 

The chemical analytical results for the soil and plant samples are presented in Table 19.  The analytical 
laboratory reported the plant results as wet weight concentrations.  GeoEngineers converted the wet 
weight concentrations to dry weight using sample-specific percent moisture values, which range from 
77 to 84 percent.  Site-specific plant uptake coefficients were then calculated by dividing the plant dry 
weight concentrations by the co-located soil dry weight concentrations.  Table 19 presents the maximum 
and average site-specific plant uptake coefficients and the MTCA default plant uptake coefficients 
(Table 749-4) for arsenic, copper, iron, lead, nickel and zinc.  The average site-specific plant uptake 
coefficients were used to calculate site-specific wildlife screening levels (for mammalian herbivores) 
based on discussions with Ecology (GeoEngineers, 2008). 

Table 20 presents the site-specific wildlife screening level calculations using the MTCA default plant 
uptake coefficients and the average site-specific plant uptake coefficients.  As shown in Table 20, the site-
specific mammalian herbivore wildlife screening levels for lead, nickel and zinc are less than the MTCA 
default mammalian herbivore wildlife screening levels for these metals.  The MTCA default values are 
based on the mammalian herbivore (vole) equation provided in MTCA Table 749-4.  However, because 
the predator-based wildlife screening levels are less than either the MTCA default or the site-specific 
herbivore-based wildlife screening levels for lead, nickel and zinc, herbivore-based screening levels were 
not selected as wildlife screening levels for the RI.   

7.3.4  Wildlife TEE Evaluation 

Soil sample locations where metals and petroleum hydrocarbons were detected at concentrations greater 
than the wildlife soil screening levels are shown in Figures 10 and 11, respectively.  A single metal was 
detected at concentrations greater than wildlife screening levels at two additional sample locations (TP-11 
[obtained by Hart Crowser] and TP22).  However, statistical analyses of metals concentration in soil 
surrounding these sample locations, but within the expected home range of the potentially affected 
receptors (robins and shrews), indicate that the average metals concentrations are less than the wildlife 
screening values.  Therefore, these sample locations are not shown in Figure 10.  These two sample 
locations are discussed further in the following sections. 

TP-11   
Zinc was detected in soil at TP-11 at a concentration of 670 mg/kg at a sample depth of 2.5 to 4.5 feet, 
which is greater than the wildlife soil screening level of 360 mg/kg (based on the avian predator [robin]).  
The zinc concentration of 670 mg/kg is, however, less than the mammalian predator and mammalian 
herbivore soil screening levels of 970 and 14,200 mg/kg, respectively. 

According to MTCA Table 749-3, the home range for the Amercian Robin (Turdus migratorius) is 
0.6 acre (or approximately 26,100 square feet).  Soil sample locations within a robin home range centered 
at TP-11 include DP03, GEISS1, GEISS2, GEISS3, SS1 (Jefferson County), TP08, TP-11 (Hart 
Crowser), TP32, TP33 and TP34.  Zinc was not detected in the soil sample obtained from DP03 at a depth 
of 7 feet, which is below the 6-foot conditional point of compliance for terrestrial receptors.  To 
conservatively evaluate zinc concentrations in the biologically active zone (that is, the top 6 feet of soil), 
sample location DP03 was not retained in the statistical evaluation of zinc concentrations.  Sample SS1 
was not analyzed for zinc and was also not retained.  The 95 percent upper confidence limit on the mean 
(95 percent UCL) zinc concentration in soil based on the soil samples obtained in the vicinity of TP-11 is 
206 mg/kg for a lognormal distribution and 250 mg/kg for a gamma distribution.  Because the 95 percent 
UCL zinc concentration is less than the wildlife soil screening level of 360 mg/kg, sample location TP-11 
is not identified as a wildlife exceedance in Figure 10. 
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TP22   
Copper was detected in soil at TP22 at a concentration of 1,630 mg/kg at a sample depth of 2 feet, which 
is greater than the wildlife soil screening level of 1,340 mg/kg (based on the mammalian predator 
[shrew]).  The copper concentration of 1,630 mg/kg is, however, less than the avian predator and 
mammalian herbivore soil screening levels of 1,760 and 2,790 mg/kg, respectively. 

According to MTCA Table 749-3, the home range for the Shrew (Sorex) is 0.1 acre (or approximately 
4,360 square feet).  Soil sample locations within a shrew home range centered at TP22 include TP22 and 
the adjacent TP30.  Four soil samples were obtained at these two locations at depths ranging from 0.5 to 
3.5 feet.  Because of the limited number of samples, a 95 percent UCL could not be calculated.  The mean 
copper concentrations, based on the four soils samples obtained in the vicinity of TP22, is 606 mg/kg.  
Because the mean copper concentration is significantly lower than the wildlife soil screening level of 
1,340 mg/kg and the maximum detected concentration of 1,630 only slightly exceeds the screening level, 
sample location TP22 is not identified as a wildlife exceedance in Figure 10. 

7.4  BASELINE HABITAT SURVEY 

The project area contains a small diversity of groundwater seeps, stream and terrestrial habitats that 
support several small mammal and bird populations.  High-value terrestrial habitats similar to those 
within the project area – primarily the large tract of mixed second-growth and old-growth forest within 
the Site – typically support numerous bird species, including raptors, woodpeckers, herons and songbirds, 
as well as mammals such as blacktail deer (Odocoileus hemionus), raccoon (Procyon lotor) and Douglas 
squirrel (Tamiasciurus douglasii) (USDA, 1985).  The project area habitat types are described in greater 
detail below. 

7.4.1  Terrestrial Habitats 

This section provides a narrative summary of existing habitat characteristics.  We have divided the Site 
into the following six defined habitat areas as shown in Figure 12:  

• Second-growth forest with old-growth forest,  

• Immature forest,  

• Shrub,  

• Herbaceous plants,  

• Groundwater seeps, and  

• Open water (stream).  

7.4.1.1  Second-growth with Old-growth Forest 
Most of the Site contains mix stands of coniferous and deciduous second-growth forest, consisting of 
bigleaf maple (Acer macrophyllum) and red alder (Alnus rubra) as the dominant tree species in the 
overstory.  Western Hemlock (Tsuga heterophylla), western red cedar (Thuja plicata) and Douglas fir 
(Pseudotsuga menziesii) are also common tree species found throughout second-growth portion of the 
Site (Figure 12).  A potential stand of old-growth trees was identified in the southwest corner of the Site, 
consisting of both bigleaf maple and Douglas fir.  Snags were also observed throughout the second-
growth habitat area (“Definition and Inventory of Old Growth Forest on DNR State Managed Lands”; 
WDNR, 2005).   
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The second-growth forest habitat is interspersed with small shrub and herbaceous ground cover, 
dominated by red elderberry (Sambucus racemosa) and Indian plum (Oemleria cerasiformis), with lesser 
amounts of snowberry (Symphoricarpos albus).  The herbaceous understory is dominated by western 
swordfern (Polystichum munitum) with lesser amounts of stinging nettle (Urtica dioica) and Himalayan 
blackberry (Rubus discolor).  Three American crows (Corvus brachyrhynchos) were observed within the 
tree canopy, along with one black-capped chickadee (Poecile atricapillus) and Rufous Hummingbird 
(Selasphorus rufus) in the understory.  

7.4.1.2  Immature Forest  
The north-central portion of the Site near the former steel production buildings (Figure 12) is dominated 
by an immature forest that stretches to the northwestern boundary of the Site.  The immature forest is 
dominated by a dense cover of bigleaf maple.  Most of the area lacks an understory because of the dense 
canopy cover.  However, small patches of Scouler’s willow (Salix scouleriana), red alder, Pacific 
ninebark (Physocarpus capitatus), Oregon grape (Berberis nervosa), Indian plum, red elderberry and 
Himalayan blackberry were observed.  A great blue heron rookery was identified by Washington State 
Department of Fish and Wildlife (WDFW, 2008); however, the rookery was not observed during the 
habitat survey.  

7.4.1.3  Shrub 
The shrub-dominated communities were located near and around the edges of the Site where disturbance 
in the soil allowed early succession species to thrive in the open areas.  The areas included, but were not 
limited to, the western edge of the access road and at the northern end of the steel production buildings 
(Figure 12).  The dominate shrubs in these areas consisted of Himalayan blackberry and red alder 
samplings.  

7.4.1.4  Herbaceous 
The eastern limits of herbaceous-dominated community are defined by the shoreline and extend west to 
the gravel access road.  Orchard grass (Dactylis glomerata) dominates the area, along with colonial 
bentgrass (Agrostis capillaris).  Lesser amounts of purple clover (Trifolium purpureum), common 
plantain (Plantago major), bird’s-foot-trefoil (Lotus corniculatus) and vetch (Vicia) were observed 
throughout the area.  Aerial coverage was observed to be zero percent.  Two nighthawks (Chordeiles 
minor) were observed flying overhead of the herbaceous-dominated community during the habitat survey.  

7.4.1.5  Groundwater Seeps 
Groundwater seeps were observed at the base of the bluff, southeast of the former 6,000-barrel AST.  The 
water from the seeps accumulated into small pockets, which drained to a small channel less than 1 foot 
wide.  The channel dissipated into smaller pockets of water with no obvious outlet to the bay.  The soil 
within the area was saturated to the surface with areas of standing water less than 1 inch deep.  Vegetation 
within the seeps consisted of stinging nettle, salmonberry (Rubus spectabilis) and red alder.  

7.4.1.6  Stream/Open Water 
The unnamed stream is a seasonal type “N” stream as documented by Washington State Department of 
Natural Resources (WDNR, 2007).  It is a lowland stream that collects runoff from surrounding 
development and upper elevations.  The stream extends along the northern boundary of the Site, before 
discharging via a 10-inch culvert into the bay.  One barn swallow (Hirundo rustica) was observed flying 
overhead of the stream channel/open water feature on-Site.  

7.4.2  Environmental Impacts on Habitats 

Vegetation was observed to be thriving throughout the Site, with diverse plant communities and aerial 
coverage averaging 60 percent within the forest areas.  Plant growth was hindered within the immediate 
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vicinity of the 6,000-barrel AST.  However, this may be the result of insufficient substrate for plants to 
grow.  Additionally, the AST may have also blocked sunlight from reaching surrounding vegetation.  In 
areas that are identified as having high metal concentrations, plant life was not observed to have been 
stressed.  The overall conditions of the habitats on-Site are favorable, except for the abundance of 
invasive plant species.  

8.0  LOCATIONS AND MEDIA REQUIRING CLEANUP ACTION EVALUATION IN 
FEASIBILITY STUDY 

This section identifies the locations and environmental media (soil, groundwater and sediment) at the Site 
that require cleanup action evaluation in the FS.  These locations are shown in Figures 13 and 14.  The 
areas shown in these figures are accurate for the purpose of the FS, but the actual extent of areas with 
exceedances may vary because of uncertainty of the exact location of former buildings and the nature of 
limited sampling density.  

8.1  UPLAND SOIL 

Based on the information evaluated in this RI, shallow soil at the former steel production building, 
shallow soil at discrete areas at the former power house/engine house buildings and deeper soil in the 
vicinity of the AST and TP08 require evaluation of cleanup action alternatives based on the presence of 
some constituents at concentrations exceeding preliminary cleanup levels protective of human health and 
terrestrial ecological receptors.   

The areas shown in Figure 13 are based on interpolation of data between sample locations, knowledge of 
Site conditions and professional judgment.  The TP08 area is defined by “clean” samples, the shoreline 
and the topographic bluff on the west side.  The power house/engine house buildings area is defined by 
“clean” sample locations and the footprint of the former facility.  The former steel production building 
area is not well defined by clean samples or topographic features.  Samples from this area showed high 
variance in concentrations, which makes estimates of extent of contamination more uncertain than other 
areas.  Because of this uncertainty, the area requiring evaluation in the FS was expanded to include the 
footprint of the former building and the area around TP22 (which exceeded screening levels), rather than 
just around samples with exceedances.  The AST area includes sample locations with TPH concentrations 
of 136 mg/kg or greater. 

8.2  GROUNDWATER 

Based on the information evaluated in this RI, groundwater in the vicinity of the AST requires evaluation 
of cleanup action alternatives because of the presence of free product and TPH exceeding preliminary 
cleanup levels protective of human health and terrestrial ecological receptors.  This area is within the AST 
area shown in Figure 14.  Cleanup actions for groundwater should be coordinated with soil cleanup 
actions in this area to avoid recontamination of groundwater by contaminated soil. 

8.3  SEDIMENT 

Based on the information evaluated in this RI, shallow sediment located downslope of the upland AST 
requires evaluation of cleanup action alternatives because of the presence of TPH and PAHs exceeding 
preliminary cleanup levels protective of human health and terrestrial ecological receptors.  Cleanup 
actions in this area should be coordinated with cleanup actions of the adjacent upland soils and 
groundwater to prevent recontamination of sediment by these media. 



REVISED DRAFT 

File No. 0504-042-00 Page 42  
August 13, 2009 

9.0  FEASIBILITY STUDY 

This section presents the feasibility study (FS) conducted for upland properties and aquatic lands at the 
Site.  The FS was completed to develop and evaluate cleanup action alternatives for addressing 
contamination identified at the Site, and to select a preferred alternative for cleanup.  The FS utilizes 
information about the history and environmental conditions of the Site gathered during prior 
investigations.  The results of these investigations and history of the Site are summarized in Sections 1 
through 8 of this RI/FS.  

The RI and FS were completed in accordance with the requirements of the Model Toxics Control Act 
(MTCA) Cleanup Regulation, Chapter 173-340 Washington Administrative Code (WAC), and the 
Sediment Management Standards (SMS), Chapter 173-204 WAC. 

9.1  CLEANUP STANDARDS 

Cleanup standards consist of: 1) cleanup levels that are protective of human health and the environment, 
and 2) the point of compliance at which the cleanup levels must be met.  Preliminary Site-specific cleanup 
standards were developed in the RI (section 5.0).  These preliminary cleanup standards are adopted in this 
FS for the purpose of developing cleanup action objectives (CAOs) for the Site.  CAOs are presented in 
Section 9.3.  The proposed media-specific cleanup levels and points of compliance are summarized 
below.  The listed constituents for the three environmental media are those remaining from the RI 
screening process (Sections 5 through 7). 

Overview of Cleanup Standards 

Constituent 

Cleanup Level and Media 

Soil (mg/kg) Groundwater (ug/l) Sediment (mg/kg) 
Arsenic 18 Not required Not required 

Copper 70 2.4 Not required 

Iron 58,700 Not required Not required 

Lead 120 Not required Not required 

Nickel 48 8.2 Not required 

Zinc 160 Not required Not required 

cPAHs 0.137 0.018 Not required 

TPH 136 500 136 

Point of Compliance 
based on MTCA Upper 15 feet Point of entry to Port 

Townsend Bay 

Biologic active zone and 
vertical extent of TPH to 

136 mg/kg 

9.1.1  Cleanup Levels 

9.1.1.1  Soil 
Site-specific cleanup levels for soil that are protective of human health and terrestrial ecological 
receptors, and cleanup levels for groundwater that are protective of marine surface water, were developed 
in accordance with MTCA requirements. Based on existing and future land use as a Jefferson County 
Park the Site is considered to be “unrestricted” (a.k.a. residential) with regard to MTCA exposure 
evaluations.  Accordingly, Method B cleanup levels apply to soil beneath the upland portion of the Site. 
The TPH cleanup level is adopted directly from the site-specific sediment standard (136 mg/kg) described 
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below because soil contamination could potentially migrate directly to sediment by erosion. For example, 
waves may erode soil along the beach bluff and transport contaminated soil particles to beach sediments. 

9.1.1.2  Groundwater 
The highest beneficial use of groundwater beneath the Site is based on the protection of surface water 
resources (Port Townsend Bay), as specified in WAC 173-340-720.  Accordingly, groundwater beneath 
the Site is subject to the surface water standards.  In general, the most conservative (lowest) published 
numerical values selected from available state and federal surface water criteria as outlined in WAC 173-
340-730(3) were selected as the cleanup level.   

9.1.1.3  Sediment 
Sediment cleanup levels were developed according to MTCA and SMS requirements and direction 
provided by Ecology.  Two SMS criteria are promulgated by Ecology (WAC 173-204-320).  These 
include the Sediment Quality Standard (SQS), the concentration below which effects to benthos are 
unlikely, and the cleanup screening level (CSL), the concentration above which more than minor adverse 
biological effects may be expected.  The SQS and CSL values have been developed for a suite of 
chemicals that includes metals, PAHs and other semivolatile organic compounds (SVOCs), PCBs, and 
ionizable organic compounds.  The SQS are the most stringent SMS criteria and are used in this FS as 
sediment cleanup levels for the SMS constituents detected in sediment at the Site. 

There is no promulgated SMS criterion for petroleum hydrocarbons in sediment.  Therefore, SAIC 
developed a site-specific cleanup level of 136 mg/kg for total petroleum hydrocarbons based on sediment 
bioassays (see Appendix D for details).  

9.1.2  Points of Compliance 

Under MTCA, the point of compliance is the point or location on a site where the cleanup levels must be 
attained.  The points of compliance for affected media will be approved by Ecology and presented in the 
site-wide CAP.  However, it is necessary to identify proposed points of compliance in order to develop 
and evaluate cleanup action alternatives in the FS.  This section describes the proposed points of 
compliance for soil, groundwater, and sediment. 

9.1.2.1  Soil 
The standard point of compliance (upper 15 feet) is considered applicable to prevent exposure by direct 
contact to Site soil, as defined in WAC 173-340-740(6)(d).   

For potential terrestrial ecological exposures, MTCA regulations allow a conditional point of compliance 
to be established from the ground surface to 6 feet below ground surface (bgs) (the biologically active 
zone according to MTCA default assumptions), provided institutional controls are used to prevent 
excavation of deeper soil [WAC 173-340-7490(4)(a)].  Accordingly, in areas of the Site where potential 
ecological exposures are a concern, and where appropriate institutional controls can be implemented, a 
conditional point of compliance for soil concentrations protective of terrestrial ecological receptors may 
be proposed throughout the soil column from the ground surface to 6 feet bgs. Considering the future use 
of the Site as a park, this is an appropriate proposal. 

9.1.2.2  Groundwater 
Because the groundwater cleanup levels are based on protection of marine surface water and not 
protection of groundwater as drinking water and as provided for in WAC 173-340-720(8)(i), the proposed 
conditional point of compliance for the groundwater cleanup levels is the point or points where 
groundwater flows into Port Townsend Bay.   
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9.1.2.3  Sediment 
For marine sediments potentially affected by Site-related hazardous substances, the point of compliance 
for protection of the environment is surface sediments within the biologically active aquatic zone, 
represented by samples collected across the top 10 centimeters (cm) (i.e., 0 to 4 inches) below the 
mudline.  Since erosion may remove shallow sediment over time, effectively moving the bottom of the 
biologically active zone deeper compared to current conditions, Ecology determined that the vertical point 
of compliance in areas with petroleum hydrocarbons should be the vertical extent of sediment with 
combined TPH concentrations greater than the cleanup level of 136 mg/kg. 

9.2  LOCATIONS AND MEDIA REQUIRING CLEANUP ACTION EVALUATION 

This section identifies the locations and environmental media (soil, groundwater, sediment) at the Site 
that require cleanup action evaluation.  These areas are shown on Figures 13 and 14 and are summarized 
in section 8.0 of the RI. 

9.2.1  Soil 

Based on the information evaluated in the RI, shallow soil at the former steel production building, 
shallow soil at discrete areas at the former power house/engine house buildings (referred to in Figure 13 
as the Power House Complex) and deeper soil in the vicinity of the former AST and TP08 require 
evaluation of cleanup action alternatives based on the presence of some constituents at concentrations 
exceeding preliminary cleanup levels protective of human health and terrestrial ecological receptors.   

9.2.2  Groundwater 

Based on the information evaluated in the RI, groundwater in the vicinity of the former AST requires 
evaluation of cleanup action alternatives because of the presence of free petroleum product and TPH 
exceeding preliminary cleanup levels protective of human health and the environment and dissolved 
copper and nickel exceeding preliminary cleanup levels protective of the environment.  This area is within 
the Former AST area shown in Figure 14.  Dissolved copper and nickel also slightly exceeded 
preliminary cleanup levels protective of the environment in a groundwater monitoring well in the vicinity 
of the TP08 location (TP08 Vicinity is shown in Figure 13).  Cleanup actions for groundwater should be 
coordinated with soil cleanup actions in this area to avoid recontamination of groundwater by 
contaminated soil. 

9.2.3  Sediment 

Based on the information evaluated in this RI, shallow sediment located downslope of the upland former 
AST requires evaluation of cleanup action alternatives because of the presence of TPH and PAHs 
exceeding preliminary cleanup levels protective of human health and aquatic ecological receptors.  
Cleanup actions in this area should be coordinated with cleanup actions of the adjacent upland soils and 
groundwater to prevent recontamination of sediment by these media. 

9.3  CLEANUP ACTION OBJECTIVES 

This section presents cleanup action objectives (CAOs), applicable regulatory requirements for the 
cleanup action, and a screening evaluation of general response actions and remediation technologies that 
are potentially applicable to the Site. 

CAOs consist of chemical- and medium-specific goals for protecting human health and the environment.  
The CAOs specify the media and contaminants of interest, potential exposure routes and receptors, and 
proposed cleanup goals.  Because of the substantial differences between the uplands and marine area 
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physical environments, resources/uses, and cleanup standards, as well as anticipated differences in 
cleanup-related construction logistics, separate cleanup action alternatives are developed in this FS for the 
uplands and marine areas.  The CAOs for these areas are presented below. 

9.3.1  Soil and Groundwater (Uplands) 

The objective of the proposed uplands cleanup action is to eliminate, reduce, or otherwise control to the 
extent feasible and practicable, unacceptable risks to human health and the environment posed by 
hazardous substances in soil and groundwater in accordance with the MTCA Cleanup Regulation (WAC  

173-340) and other applicable regulatory requirements.  Specifically, the objective of the uplands cleanup 
is to mitigate risks associated with the following potential exposure routes and receptors: 

• Contact (dermal, incidental ingestion, or inhalation) by visitors, workers (including excavation 
workers), and other Site users with hazardous substances in soil; 

• Contact (dermal, incidental ingestion, or inhalation) by terrestrial wildlife with hazardous 
substances in soil; 

• Contact by terrestrial plants and soil biota and/or food-web exposure to hazardous substances in 
soil; and 

• Exposure by aquatic organisms to hazardous substances in soil that erodes, or groundwater that 
migrates, to the marine environment. 

The cleanup goal for the uplands areas is to mitigate these risks by meeting the soil and groundwater 
cleanup standards identified in Section 9.1. 

9.3.2  Sediment (Marine Area) 

The objective of the proposed marine area cleanup action is to eliminate, reduce, or otherwise control to 
the extent feasible and practicable, unacceptable risks to human health and the environment posed by 
Site-related hazardous substances in marine sediment in accordance with the MTCA Cleanup Regulation 
(WAC 173-340), SMS regulations (WAC 173-204) and other applicable regulatory requirements.  
Specifically, the objective of the Marine Area cleanup is to mitigate risks associated with the following 
potential exposure routes and receptors: 

• Exposure of benthic organisms to Site-related hazardous substances in the biologically active 
zone of sediment (the upper 10 centimeters (cm) below the mudline); 

• Ingestion by aquatic organisms of benthic organisms contaminated by Site-related hazardous 
substances in sediment; and 

• Ingestion by Site visitors of marine organisms contaminated by Site-related hazardous substances 
in sediment. 

The cleanup goal for the marine area is to mitigate these risks by meeting the sediment groundwater 
cleanup standards identified in Section 9.1. 

9.4  APPLICABLE REGULATORY REQUIREMENTS 

In addition to the cleanup standards developed through the MTCA process and presented in Section 9.1, 
other regulatory requirements must be considered in the selection and implementation of the cleanup 
action.  MTCA requires the cleanup standards to be “at least as stringent as all applicable state and federal 
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laws” [WAC 173-340-700(6)(a)].  Besides establishing minimum requirements for cleanup standards, 
applicable state and federal laws may also impose certain technical and procedural requirements for 
performing cleanup actions.  These requirements are described in WAC 173-340-710.   Table 22 presents 
the ARARs identified as being applicable at this Site. 

Additional activities that need to take place prior to implementing the cleanup actions: 

• The anticipated cleanup action qualifies for a U.S. Army Corps of Engineers (Corps) Nationwide 
Permit 38 (NWP 38).  Nevertheless, federal consultation under the Endangered Species Act, 
Section 401 Water Quality Certification, and other substantive requirements must still be met by 
the cleanup action.  Ecology will be responsible for issuing the final approval for the cleanup 
action, following consultation with other state and local regulators.  The Corps will separately be 
responsible for issuing approval of the project under NWP 38, following Endangered Species Act 
consultation with the federal Natural Resource Trustees, and also incorporating Ecology’s 401 
Water Quality Certification. 

• Because the proposed project area is part of the Irondale Historic District identified on the 
National Register of Historic Places, a Cultural Resources Assessment will need to be performed 
and a Monitoring and Treatment Plan will need to be prepared prior to implementing cleanup 
actions that cause disturbance to the land.  Additionally, a permit from the Washington State 
Department of Archaeology and Historic Preservation (DAHP) will be needed for the field work 
portions of the Cultural Resources Assessment.  Input will also be requested from local Tribes 
regarding both the cultural resources assessment and cultural resources monitoring during 
remedial activities, with cultural resource protocols being developed considering Tribal input.  

9.5  SCREENING OF GENERAL RESPONSE ACTIONS AND REMEDIATION TECHNOLOGIES 

This section presents the results of a screening evaluation of potentially applicable remediation 
technologies for the cleanup action.  The screening evaluation is carried out for each of the environmental 
media (soil and sediment) requiring cleanup action evaluation.  Based on the screening evaluation, 
selected response actions and technologies are carried forward for use in the development of cleanup 
action alternatives for the uplands and marine areas.  

The response actions considered in the screening 
evaluation include no action, institutional controls, soil 
containment, soil removal, off-site management, and 
ex situ treatment.  These potential response actions and 
remediation technologies for soil were screened on the 
basis of effectiveness, implementability, and relative 
cost.  A summary of the screening evaluation is 
presented in Table 23.  The screening process 
determined the most appropriate technologies and process options that warrant development into remedial 
alternatives for further evaluation.  Some response actions and technologies were screened out from 
further evaluation due to low effectiveness or implementability, or due to another technology being 
similarly effective and implementable and having a significantly lower cost.  Potentially effective and 
implementable response actions and remediation technologies are evaluated further below. 

9.5.1  Institutional Controls 

A restrictive covenant (e.g., deed restrictions, posted notification of Site conditions) would not be an 
acceptable site-wide cleanup action alternative on its own because it would not achieve the CAOs for the 

Summary of Technology Screening 
(see Table 23) 

Technologies Retained for Further Evaluation 
1. Institutional Controls 
2. Soil and Sediment Cap 
3. Soil and Sediment Removal/Disposal 
4. Natural Attenuation for Groundwater 
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Site areas.  However, restrictive covenants can in certain instances be effective and implementable in 
combination with engineered and other institutional controls where the covenant requires maintenance of 
the protective barriers that keep humans and ecological receptors from contacting contaminated soil. 

If contaminated soil is to be left in place at a depth less than 15 feet bgs, then a restrictive covenant could 
be employed to require special procedures for future subgrade work (e.g., worker protection and soil 
management plans).   

Access controls such as fencing would not be compatible with the public use of the property as park 
space.  However, notification methods such as signage can effectively alert Site visitors to the presence of 
contamination in subsurface soil. 

Institutional controls would require long-term monitoring to ensure that the Site conditions remain as 
required to achieve CAOs.   

9.5.2  Engineered Controls 

Applicable engineered controls that could be employed include establishing and maintaining a barrier 
layer between contaminated soil and potential human and ecological receptors.  One type of barrier layer 
that could be used is a reinforced (to prevent animal burrowing) geotextile liner installed over areas of 
contaminated soil that are currently unpaved and not covered by building foundations.  Clean fill and/or a 
lawn would be placed over the top of the geotextile to keep it anchored in place and protected from 
degradation by sunlight and would allow use of the Site as park space.  The geotextile would not need to 
be an impermeable liner because leaching of soil contaminants to groundwater is not an exposure 
pathway of concern at the Site.  Using a permeable geotextile reduces the need to add drainage features or 
be overly concerned about establishing proper grading for drainage.  The geotextile will be designed to 
the strength required to withstand settling forces of the overlying soil as well as forces associated with 
maintenance vehicles and equipment that may drive across the overlying landscaped area.  Surface 
pavement using asphalt and/or concrete would also provide an effective barrier that would prevent human 
or ecological exposure and also limit erosion of contaminated soil.  However, this approach would not be 
compatible on a large scale with the current and future use of the Site.   

Although a geotextile liner may provide an effective barrier to exposure, it would require long-term 
monitoring to identify any areas where the liner becomes exposed or damaged, and maintenance to repair 
the liner.  Monitoring would consist of periodically inspecting the capped area for areas of eroded soil and 
exposed liner material.  Use of engineering controls would not result in a permanent reduction in 
contaminant mass, mobility, or toxicity.   

9.5.3  Excavation, Off-Site Disposal and / or Reuse 

9.5.3.1  Soil 
Soil removal by excavation is considered to be an effective technology to permanently eliminate the risk 
of exposure to contaminants at the Site.  Excavation adjacent to or underneath existing buildings or other 
structures or utilities may require protective measures such as shoring or temporary removal of structures.  
Excavation activities performed near the shoreline or at depths near or below the water table may require 
dewatering.  Dewatering can be achieved through extraction of water from within the excavated area 
during excavation activities or can be initiated prior to excavation through installation of extraction wells 
that create a dry environment to work in.  In addition, installation of sheet-pile surrounding the expected 
excavation area will reduce the volume of water that enters the excavation, particularly in situations 
where excavation is performed adjacent to surface water.  Extracted water will require storage, treatment 
to remove particulates and contaminants, and proper disposal.   
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It is anticipated that the majority of excavated soil could be disposed of at a permitted solid waste landfill 
(for example, a Resource Conservation and Recovery Act [RCRA] Subtitle D facility) rather than 
requiring disposal at a hazardous/dangerous waste disposal facility (such as a RCRA Subtitle C facility).  
Due to elevated levels of metals detected in some soil, it will be necessary to perform dangerous waste 
characterization of excavated soil.  However, based on previous TCLP results that have indicated low 
metals leachability it is unlikely that a significant volume of soil will require treatment prior to disposal or 
disposal at a Subtitle C facility.  Treatment of metals-contaminated soil by stabilization is discussed 
below.   

9.5.3.2  Sediments 
Marine area sediments at the Site are situated such that complete removal may require both land-based 
and water-based equipment and methods.  Water-based removal would be performed from a barge-
mounted clamshell dredge, while land-based removal would be performed from the shore at low tide 
using traditional land-based earthwork equipment.  Because of the shallow nature of the work area, water-
based equipment would need to be relatively small with limited draft, or would need to work partial shifts 
during high tide to prevent grounding out.  Due to these considerations, an upland-based operation 
performed during periods of low tide may be a more cost-effective method for removal, particularly 
within intertidal areas.  Land-based removal may be more effective if performed in conjunction with 
shoring/dewatering components such as a sheet-pile wall bounding the outside of the excavation area.  
This would allow excavation to be performed from the land side, with less consideration for tidal periods.  
However, dewatering would require treatment and disposal of significant volumes of hydrocarbon-
impacted water. 

Upland disposal at a permitted municipal or private landfill (Subtitle D) would likely be necessary for 
excavated sediments.  Sediments excavated using land-based equipment would be loaded onto trucks (and 
potentially subsequently onto a rail car) for shipment to a regional Northwest landfill.  Sediments 
excavated using water-based equipment would be loaded on a barge, and would be shipped directly to a 
barge-truck-rail transloading facilitaty for shipment to an upland landfill with rail access. 

9.5.4  Soil Stabilization 

Stabilization of contaminated soil typically involves chemically binding and immobilizing the 
contaminants on a molecular level.  Treatment of soil by stabilization is most commonly employed by 
mixing contaminated soil with Portland cement or another pozzolanic material.  A pozzolanic material 
exhibits cementitious properties when combined with calcium hydroxide.  With contaminants such as 
heavy metals, stabilization has been reliably demonstrated.  Stabilization of metals-contaminated soil is 
retained for treatment of any soil that fails TCLP for metals.  However, although metals concentrations 
are relatively high in some locations of the Site, data suggests that the volume of soil that would fail 
TCLP is minimal.  Therefore it may be more cost-effective to remove any soil exceeding TCLP criteria 
and perform the stabilization at the waste facility rather than on Site.  

9.5.5  Engineered Containment 

Engineered containment is a commonly used technology to manage marine area sediments that require 
action.  Containment for sediments involves placing an engineered aggregate cap to isolate material that 
could otherwise not be effectively removed through excavation or dredging.  In the aquatic environment, 
the cap must be designed to withstand erosive forces generated by wave action, and must be thick enough 
to provide the required isolation of the material contained by the cap. 

A sediment cap would be designed to effectively contain and isolate contaminated sediments from the 
biologically active surface zone.  The cap would be designed to be thick enough and of sufficient grain 
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size to maintain its integrity under reasonable worst-case conditions.  Due to the objective of zero net loss 
of aquatic habitat, capping is only considered appropriate in combination with removal so that the cap 
does not decrease the amount of aquatic habitat (i.e., removal of 2 feet of sediment to accommodate a     
2-foot-thick cap). 

Where used, sediment caps would be designed using methodology developed by the EPA and the Corps 
(Palermo et al., 1998), also promoting tidal mixing and associated oxidation of sediment porewater at the 
sediment/water interface.  Cap material would either be placed from the water, using a clamshell derrick 
and a supply barge of cap material, or from the shore at low tide using land-based earthwork equipment. 

9.6  DEVELOPMENT OF CLEANUP ALTERNATIVES 

 In this section, the technologies and process options for remedial cleanup retained through the screening 
evaluation described in Table 23 are used to develop alternatives to address the CAOs for contaminated 
areas and media within the uplands areas and marine 
sediments of the Site.  This section also provides 
comparative analysis of the five cleanup action 
alternatives developed for evaluation to address 
contamination at the Site.  Each alternative addresses 
contaminated media with a combination of treatment 
technologies appropriate for Site conditions. The five 
alternatives represent a reasonable number and range 
of potentially applicable cleanup components to 
provide a basis for evaluation.  Most of the alternatives 
include removal of TPH contaminated sediment and 
nearby TPH contaminated upland soil because of the 
common source of petroleum (Former AST and piping) 
and continuity of contamination.  The difference between several of the alternatives is how the areas of 
upland contaminated soil located away from the shoreline are addressed, including the former Steel 
Production Building and the Power House Complex.      

The development of a “no-action” alternative was not included with this feasibility study.  The use of no 
action for addressing contaminants present in the sub-areas of the Site would not be expected to achieve 
remedial action objectives and meet the minimum requirements of a remedial alternative under the 
MTCA guidance.   Therefore, the no action option is screened out from consideration during the remedial 
technology screening process outlined in Table 23.  

The design parameters used to develop the alternatives are based on engineering judgment and current 
knowledge of Site conditions.  The final design for the selected alternative may require additional 
characterization and analysis to better define the scope and costs associated with the cleanup action. 

The six remedial alternatives were developed to be consistent with the current and future land uses at the 
Site.  Each of the alternatives is compatible with maintaining the existing use of the Site as a public park.    

9.6.1  Remedial Alternative 1 (Institutional Controls) 

Remedial Alternative 1 is a limited action alternative, utilizing institutional controls as the primary 
mechanism for protection of human health and the environment.  Under this remedial alternative, current 
monitoring activities would be continued and additional measures would be implemented to restrict 
exposure to contaminants at the Site.  Deed restrictions would be implemented to prevent redevelopment 
of the Site for different usage and would set requirements for treatment and disposal of soil generated 

Summary of Six Cleanup Alternatives Evaluated 
(see Table 24) 

1. Institutional Controls. 
2. Capping contaminated soil and sediment. 
3. Excavate contaminated sediment and upland 

TPH contaminated area and TP08 area, 
institutional controls for power house 
complex and steel production building. 

4. Excavate contaminated sediment and upland 
TPH contaminated area and TP08 area, cap 
power house complex and steel production 
building. 

5. Excavate all contaminated sediment and soil. 
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during Site work.  Notification methods such as signage would be implemented to prevent Site users from 
being exposed to contaminated soil on Site through digging or harvesting of plants. 

9.6.2  Remedial Alternative 2 (Capping – All Sub-Areas) 

Remedial Alternative 2 involves leaving COCs in place in both soil and sediment media and using a 
combination of capping methods and institutional controls to limit exposure to COCs.  Figure 15 shows 
the proposed extent of upland and shoreline capping associated with Alternative 2.  Upland soil in all 
impacted areas (Power House Complex and Steel Production Building) will be capped with a permeable 
geotextile and an approximately 2-foot thick layer of clean soil to create a physical barrier between the 
contaminated soil and Site users.  The upland capping will require removal and replacement of plants, but 
placement of the soil layer above the geotextile will allow replanting with shallow-rooted native plants.  
The impacted soil left in place will require institutional controls such as deed restrictions to ensure future 
development at the Site properly addresses the contaminated soil left in place.   

The contaminated sediment in the area adjacent to the location of the former AST will be addressed 
through capping as well.  The marine cap will be constructed to eliminate the erosion of impacted 
sediment and soil.  In order to install an appropriate marine cap without resulting in a net filling of the 
marine environment, an upper layer of sediment of the same thickness as the proposed cap material will 
require removal by excavation or dredging prior to placement of the cap material.  For cost estimating 
purposes, a cap thickness of 2 feet was assumed.  Marine capping would require modeling of wave 
strength and shoreline stability during remedial design to determine final cap thickness and cap material 
grain size.  In conjunction with the marine capping component of this alternative, the slag outcrop area on 
the shoreline will be restored by removing slag material on the shoreline surface to the extent required to 
place a proper thickness of beach habitat substrate while preserving the existing grade.  Removal of the 
slag outcrop material is considered a Site restoration component consistent for each of Alternatives 2 
through 5 and therefore the costs associated with that component is not represented in the cost estimates 
for the Alternatives. 

Contaminants will be left in place in the upland and marine environment and will require monitoring to 
ensure that the proposed Remedial Alternative does not result in an increase of contaminant 
concentrations in groundwater.  In addition, periodic sediment sampling will be used to evaluate the 
potential for recontamination of surface sediments.  Groundwater monitoring would be conducted 
quarterly for one year followed by annual monitoring for a minimum of five years.  A network of 
monitoring wells would be installed at downgradient compliance locations and groundwater would be 
monitored for contaminant concentrations as well as indicators of natural attenuation in groundwater to 
evaluate potential for natural attenuation of contaminant concentrations.  Sediment monitoring would be 
conducted annually for five years to evaluate the effectiveness of the marine cap at containing subsurface 
contamination.   

9.6.3  Remedial Alternative 3 (Excavation and Institutional Controls) 

Remedial Alternative 3 utilizes removal actions in specific, more accessible, locations across the Site to 
achieve cleanup action objectives (Figure 16).  Soil that exceeds cleanup levels in the vicinity of the 
former AST and TP-08 Area would be excavated to the extent practicable.  The contaminated soil in the 
upland areas away from the shoreline, the Power House Complex and the Steel Production Building, will 
be addressed through institutional controls such as deed restrictions, signage and notification measures as 
described for Alternative 1.  The contaminated sediment will be addressed by excavating or dredging the 
contaminated sediment in conjunction with the excavation activities at the former AST area.  Specifically, 
Remedial Alternative 3 includes the following components: 
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• Excavate approximately 5,500 cubic yards of soil from various upland areas across the Site.  The 
areas of proposed soil excavation include: 

o Excavate to the extent feasible, soil down to approximately 11 feet bgs in the former AST 
area with TPH concentrations above cleanup levels.  TPH was not detected in two 
subsurface samples obtained below the existing AST structure (sample locations DP06 
and TP05, see Figure 4).  However, if, during excavation, elevated TPH (i.e., greater than 
cleanup levels) appears to be below the concrete AST structure, part or all of the structure 
may need to be removed to facilitate removal of the contaminated soil.  Potential removal 
of the concrete AST structure will be coordinated with Washington State 
DAHP.Excavate to the extent feasible, soil down to approximately 6 feet bgs in the 
vicinity of TP-08 Area with metals concentrations above cleanup levels. 

• Excavate or dredge approximately 1,600 cubic yards of sediment from the impacted shoreline 
area adjacent to the former AST area.  The sediment impacted with TPH above the ecological-
based cleanup level will be removed to the extent practicable. 

• Develop institutional controls in the form of restrictive covenants, signage controls, and other 
notification measures to address remaining contaminated soil left in place in the Power House 
Complex and Steel Production Area. 

• Transport stockpiled soil and sediment to appropriate disposal facility. 

• Backfill upland excavations with clean imported fill and restore original Site topography, 
features, and surfaces. 

• Backfill shoreline removal areas with clean imported fill of grain size appropriate for the marine 
environment, using a habitat substrate surface material. 

• Install a monitoring well network and monitor groundwater quarterly for at least one year. 

The following sections provide further description of the components of Remedial Alternative 3. 

9.6.3.1  Soil and Sediment Removal 
Soil exceeding the final cleanup levels for TPH, cPAHs, and metals would be removed to varying depths, 
as described above and shown in Figure 16.  The upland soil removal associated with Remedial 
Alternative 3 is expected to be performed using commonly available land-based excavation techniques.  
The construction methods would be specified during the design of the cleanup action or by the selected 
cleanup contractor.  The shoreline excavation of contaminated sediment could be performed as an 
extension of the upland excavations, using land-based machinery.  However, this would likely require 
shoring the outer edge of the removal area using sheet-pile wall or similar methods to allow the 
excavation to be performed to the depth required and to allow for dewatering of the excavation.  For the 
purpose of estimating costs associated with the soil removal component of this alternative, the following 
assumptions were made: 

• Excavation of soil as shown in Figure 16 results in approximately 5,500 cubic yards of 
contaminated soil excavated. 

• Excavation or dredging of TPH-impacted sediment adjacent to the former AST location to the 
extent practicable.  The shoreline sediment removal would likely be performed as an extension of 
the upland soil removal at the former AST location, using land-based equipment.  The outer edge 
of the sediment removal would likely require installation of a sheet-pile wall to meet shoring 
needs and to serve as a cut-off wall to allow removal in a dryer environment.  The sediment 
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removal would result in generating approximately 1,600 cubic yards of contaminated sediment 
requiring disposal.   

• Excavations extending below 10 feet bgs would be completed using commonly available 
dewatering techniques to allow the driest excavation possible. 

In conjunction with the sediment/shoreline soil removal component of this alternative, the slag outcrop 
area on the shoreline will be restored by removing slag material on the shoreline surface to the extent 
required to place a proper thickness of beach habitat substrate without adjusting the grade.  Removal of 
the slag outcrop material is considered a Site restoration component consistent for each of Alternatives 2 
through 5 and therefore the costs associated with that component is not represented in the cost estimates 
for the Alternatives. 

9.6.3.2  Soil Disposal 
Excavated soil would be characterized for disposal as required by MTCA and Washington State 
Dangerous Waste regulations and the selected disposal facility.  The contaminated soil is expected to fall 
into two categories: non-dangerous waste suitable for disposal at a Subtitle D landfill, or dangerous waste 
requiring either disposal at a Subtitle C (hazardous/dangerous waste) facility or treatment prior to disposal 
at a Subtitle D facility. 

For soil to be categorized as non-dangerous waste and suitable for disposal at a Subtitle D landfill, it 
would be necessary to demonstrate that Site contaminants are not present at concentrations greater than 
ten times the Universal Treatment Standards (UTS), as defined in 40 CFR 268.48.  This requirement 
includes the results of toxicity characteristic leaching procedure (TCLP) testing for metals.  Based on the 
results of previous TCLP analyses performed on soil with high total metals concentrations, it is expected 
that the volume of soil that fails TCLP will be minimal and costs associated with potential treatment are 
not considered in the estimated cost of this Alternative. 

9.6.3.3  Groundwater Monitoring 
The soil removal proposed in this alternative is expected to result in a reduction of contaminant 
concentrations in groundwater (TPH and metals [copper and nickel]), thereby obviating the need for 
active groundwater remediation.  To verify that the soil removal is protective of groundwater, a network 
of new monitoring wells would be installed along the shoreline of the Site following completion of the 
soil removal activities.  The monitoring wells would be sampled and analyzed for contaminant 
concentrations as well as indicators of natural attenuation during at least four quarterly events to 
demonstrate that groundwater impacts have been addressed.  Long-term groundwater monitoring may be 
necessary if initial groundwater monitoring indicates the potential for contaminant transfer from 
remaining contaminated soil to groundwater over time. 

9.6.3.4  Institutional Controls 
Restrictive covenants would be required for the portions of the Site where complete soil removal was not 
achieved.  The covenants would attach future development restrictions and requirements to property 
deeds for the lifetime of the remaining contamination.  Soil management plans would be required that 
instruct property owners on Ecology’s requirements for performing invasive work in areas of remaining 
contaminated soil.  Future management of contaminated material could result in higher future 
development project costs.  The restrictive covenants would require maintenance in the form of periodic 
reviews and updating of soil management plans. 
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9.6.4  Remedial Alternative 4 (Excavation and Capping) 

Remedial Alternative 4 utilizes the same general actions that are proposed for Remedial Alternative 3, 
while capping the upland areas away from the shoreline, the Power House Complex and the Steel 
Production Building (Figure 17).  The soil removal actions proposed under Remedial Alternative 4 
include areas associated with the former AST and the TP-08 Area.  Soil that exceeds cleanup levels in the 
vicinity of these areas would be excavated to the extent practicable.  Similar to Remedial Alternative 2, 
the contaminated soil in the vicinity of the Power House Complex and Steel Production Building would 
be addressed by construction of a cap to prevent direct exposure to the contaminated soil.  The 
contaminated sediment will be addressed by excavating or dredging to the extent required to achieve 
cleanup goals in conjunction with the excavation activities at the former AST area.  Specifically, 
Remedial Alternative 4 includes the following components: 

• Excavate approximately 5,500 cubic yards of soil from various areas across the Site.  The areas of 
proposed soil excavation include: 

o Excavate to the extent feasible, soil down to approximately 11 feet bgs in the former AST 
area with TPH concentrations above cleanup levels.  TPH was not detected in two 
subsurface samples obtained below the existing AST structure (sample locations DP06 
and TP05, see Figure 4).  However, if, during excavation, elevated TPH (i.e., greater than 
cleanup levels) appears to be below the concrete AST structure, part or all of the structure 
may need to be removed to facilitate removal of the contaminated soil.  Potential removal 
of the concrete AST structure will be coordinated with Washington State DAHP. 

o Excavate to the extent feasible, soil down to approximately 10 feet bgs in the vicinity of 
TP-08 Area with metals concentrations above cleanup levels. 

• Excavate or dredge approximately 1,600 cubic yards of sediment from the impacted shoreline 
area adjacent to the former AST area.  The sediment impacted with TPH above the ecological-
based cleanup level will be removed to the extent practicable. 

• Cap contaminated soil in the Power House Complex and the Steel Production Building with a 
multi-component cap consisting of a permeable geotextile covered with clean soil, as described 
for Alternative 2.   

• Transport stockpiled soil to appropriate disposal facility. 

• Backfill upland excavations with clean imported fill and restore original Site topography, 
features, and surfaces. 

• Backfill shoreline removal areas with clean imported fill of grain size appropriate for the marine 
environment, using a habitat substrate surface material. 

• Install a monitoring well network and monitor groundwater quarterly for at least one year. 

The following sections provide further description of the components of Remedial Alternative 4.  

9.6.4.1  Soil and Sediment Removal 
Soil exceeding the final cleanup levels for TPH, cPAHs, and metals would be removed to varying depths, 
as described above and shown in Figure 17.  The scope of the sediment and near-shore soil removal 
component of Remedial Alternative 4 would be the same as proposed for Alternative 3.  The assumptions 
for developing the cost estimate for the soil and sediment removal component of Alternative 4 are the 
same as described above for Alternative 3 in Section 9.6.3.1.  
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In conjunction with the sediment/shoreline soil removal component of this alternative, the slag outcrop 
area on the shoreline will be restored by removing slag material on the shoreline surface to the extent 
required to place a proper thickness of beach habitat substrate without adjusting the grade.  Removal of 
the slag outcrop material is considered a Site restoration component consistent for each of Alternatives 2 
through 5 and therefore the costs associated with that component is not represented in the cost estimates 
for the Alternatives. 

9.6.4.2  Soil Disposal 
The soil disposal activities proposed for Remedial Alternative 4 are expected to be the same as described 
in Section 9.6.3 for Alternative 3. 

9.6.4.3  Soil Capping 
Soil capping under Remedial Alternative 4 would be limited to the upper areas of the Site; the Steel 
Production Building Area and the Power House Complex.  The capping methods used for these areas are 
the same as described above for Alternative 2. 
 
9.6.4.4  Groundwater Monitoring 
The groundwater monitoring activities proposed for Remedial Alternative 4 are expected to be the same 
as described in Section 9.6.3 for Remedial Alternative 3.  Long-term groundwater monitoring may be 
necessary if initial groundwater monitoring indicates the potential for contaminant transfer from 
remaining contaminated soil to groundwater over time. 

9.6.4.5  Institutional Controls 
Restrictive covenants would be required for the portions of the Site where complete soil removal was not 
achieved, such as the areas where soil contamination is addressed by capping.  The covenants would 
attach future development restrictions and requirements to property deeds for the lifetime of the 
remaining contamination.  Soil management plans would be required that instruct property owners on 
Ecology’s requirements for performing invasive work in areas of remaining contaminated soil.  Future 
management of contaminated material could result in higher future development project costs.  The 
restrictive covenants would require maintenance in the form of periodic reviews and updating of soil 
management plans. 

9.6.5  Remedial Alternative 5 (Excavation – All Sub-Areas) 

Similar to Remedial Alternative 4, Alternative 5 achieves complete removal of contaminated soil in the 
vicinity of the former AST area and TP-08 Area (Figure 18). However, Remedial Alternative 5 also 
includes removal of soil exceeding human health cleanup levels in the vicinity of both the Power House 
Complex Steel Production Building.  Soil that exceeds respective cleanup levels in the vicinity of these 
areas would be excavated to the extent practicable.  Similar to Remedial Alternative 4, contaminated 
sediment will be addressed by excavating or dredging to the extent required to achieve cleanup goals in 
conjunction with the excavation activities at the former AST area.  Specifically, Remedial Alternative 5 
includes the following components: 

• Excavate approximately 12,000 cubic yards of soil from various areas across the Site.  The areas 
of proposed soil excavation include: 

o Excavate to the extent feasible, soil down to approximately 11 feet BGS in the former 
AST area with TPH concentrations above cleanup levels.  TPH was not detected in two 
subsurface samples obtained below the existing AST structure (sample locations DP06 
and TP05, see Figure 4).  However, if, during excavation, elevated TPH (i.e., greater than 
cleanup levels) appears to be below the concrete AST structure, part or all of the structure 
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may need to be removed to facilitate removal of the contaminated soil.  Potential removal 
of the concrete AST structure will be coordinated with Washington State DAHP.  

o Excavate to the extent feasible, soil down to approximately 10 feet BGS in the TP-08 
Area with metals concentrations above cleanup levels. 

o Excavate to the extent feasible, soil down to approximately 10 feet BGS in the vicinity of 
the Power House Complex with metals concentrations cleanup levels. 

o Excavate to the extent feasible, soil down to approximately 6 feet BGS in the vicinity of 
the Steel Production Building with metals concentrations above cleanup levels.   

• Excavate or dredge approximately 1,600 cubic yards of sediment from the impacted shoreline 
area adjacent to the former AST area.  The sediment impacted with TPH above the ecological-
based cleanup level will be removed to the extent practicable. 

• Develop institutional controls in the form of restrictive covenants, signage controls, and other 
notification measures to address remaining contaminated soil left in place in areas of the Site 
inaccessible to excavation activities. 

• Transport stockpiled soil to appropriate disposal facility. 

• Backfill upland excavations with clean imported fill and restore original Site topography, 
features, and surfaces. 

• Backfill shoreline removal areas with clean imported fill of grain size appropriate for the marine 
environment, using a habitat substrate surface material. 

• Install a monitoring well network and monitor groundwater quarterly for at least one year. 

The following sections provide further description of the components of Remedial Alternative 5. 

9.6.5.1  Soil and Sediment Removal 
Soil exceeding the final cleanup levels for TPH, cPAHs, and metals would be removed to varying depths, 
as described above and shown in Figure 18.  The soil removal component of Remedial Alternative 5 
would be similar to Alternative 4, with the addition of excavation of contaminated soil in the upland areas 
away from the shoreline, at the Power House Building area and the Steel Production Building area.  The 
additional excavation would require a significant level of clearing of plants and other obstructions to 
achieve complete removal of soil exceeding cleanup levels.  However, the general methods would be 
expected to be similar to those used for upland excavation in other areas of the Site.  The scope of the 
shoreline excavation of contaminated sediment is the same as proposed for Alternative 4.  For the purpose 
of estimating costs associated with the soil removal component of this alternative, the following 
assumptions were made: 

• Excavation of soil as shown in Figure 18 results in approximately 12,000 cubic yards excavated. 

• The sediment removal along the shoreline adjacent to the former AST will be addressed as 
described for Remedial Alternative 3.  The sediment removal would result in generating 
approximately 1,600 cubic yards of contaminated sediment requiring disposal.   

• Excavations extending below 10 feet BGS would be completed using commonly available 
dewatering techniques to allow the driest excavation possible. 

In conjunction with the sediment/shoreline soil removal component of this alternative, the slag outcrop 
area on the shoreline will be restored by removing slag material on the shoreline surface to the extent 
required to place a proper thickness of beach habitat substrate without adjusting the grade.  Removal of 
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the slag outcrop material is considered a Site restoration component consistent for each of Alternatives 2 
through 5 and therefore the costs associated with that component is not represented in the cost estimates 
for the Alternatives. 

9.6.5.2  Soil Disposal 
The soil disposal activities proposed for Remedial Alternative 5 are expected to be the same as described 
in Section 9.6.3 for Alternative 3. 

9.6.5.3  Groundwater Monitoring 
The groundwater monitoring activities proposed for Remedial Alternative 5 are expected to be the same 
as described in Section 9.6.3 for Remedial Alternative 3.  Long-term groundwater monitoring may be 
necessary if initial groundwater monitoring indicates the potential for contaminant transfer from 
remaining contaminated soil to groundwater over time. 

9.6.5.4  Institutional Controls 
The intent of Alternative 5 is to remove contaminated soil to the greatest extent practicable.  However, 
restrictive covenants would be required for the portions of the Site where complete soil removal was not 
achieved due to obstructions or inaccessibility.  The covenants would attach future development 
restrictions and requirements to property deeds for the lifetime of the remaining contamination.  Soil 
management plans would be required that instruct property owners on Ecology’s requirements for 
performing invasive work in areas of remaining contaminated soil.  Future management of contaminated 
material could result in higher future development project costs.  The restrictive covenants would require 
maintenance in the form of periodic reviews and updating of soil management plans. 

9.7  EVALUATION CRITERIA 

This section presents a description of the threshold requirements for cleanup actions under MTCA and the 
additional criteria used in this FS to evaluate the cleanup action alternatives. 

9.7.1  THRESHOLD REQUIREMENTS 

Cleanup actions performed under MTCA must comply with several basic requirements.  Cleanup action 
alternatives that do not comply with these criteria are not considered suitable cleanup actions under 
MTCA.  As provided in WAC 173-340-360(2)(a), the four threshold requirements for cleanup actions are 
that they must: 

• Protect human health and the environment; 

• Comply with cleanup standards; 

• Comply with applicable state and federal laws; and 

• Provide for compliance monitoring. 

9.7.1.1  Protection of Human Health and the Environment 
The results of cleanup actions performed under MTCA must ensure that both human health and the 
environment are protected. 

9.7.1.2  Compliance with Cleanup Standards 
Compliance with cleanup standards requires, in part, that cleanup levels are met at the applicable points of 
compliance.  If a remedial action does not comply with cleanup standards, the remedial action is an 
interim action, not a cleanup action.  Where a cleanup action involves containment of soils with 
hazardous substance concentrations exceeding cleanup levels at the point of compliance, the cleanup 
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action may be determined to comply with cleanup standards, provided the requirements specified in WAC 
173-340-740(6)(f) are met. 

9.7.1.3  Compliance with Applicable State and Federal Laws 
Cleanup actions conducted under MTCA must comply with applicable state and federal laws.  The term 
"applicable state and federal laws" includes legally applicable requirements and those requirements that 
Ecology determines to be relevant and appropriate as described in WAC 173-340-710. 

9.7.1.4  Provision for Compliance Monitoring  
The cleanup action must allow for compliance monitoring in accordance with WAC 173-340-410.  
Compliance monitoring consists of protection monitoring, performance monitoring, and confirmational 
monitoring.  Protection monitoring is conducted to confirm that human health and the environment are 
adequately protected during construction and the operation and maintenance period of a cleanup action.  
Performance monitoring is conducted to confirm that the cleanup action has attained cleanup standards 
and, if appropriate, remediation levels or other performance standards.  Confirmational monitoring 
(groundwater, soil and/or sediment) is conducted to confirm the long-term effectiveness of the cleanup 
action once cleanup standards and, if appropriate, remediation levels or other performance standards have 
been attained. 

9.7.2  Other MTCA Requirements 

Under MTCA, when selecting from the alternatives that meet the minimum requirements described 
above, the alternatives shall be further evaluated against the following additional criteria: 

• Use permanent solutions to the maximum extent practicable [WAC 173-340-360(2)(b)(i)].  
MTCA requires that when selecting from cleanup action alternatives that fulfill the threshold 
requirements, the selected action shall use permanent solutions to the maximum extent 
practicable [WAC 173-340-360(2)(b)(i)].  MTCA specifies that the permanence of these 
qualifying alternatives shall be evaluated by balancing the costs and benefits of each of the 
alternatives using a “disproportionate cost analysis” in accordance with WAC 173-340-360(3)(e).  
The criteria for conducting this analysis are described in Section 9.7.2.1 below. 

• Provide a reasonable restoration time frame [WAC 173-340-360(2)(b)(ii)].  In accordance 
with WAC 173-340-360(2)(b)(ii), MTCA places a preference on those cleanup action alternatives 
that, while equivalent in other respects, can be implemented in a shorter period of time.  MTCA 
includes a summary of factors to be considered in evaluating whether a cleanup action provides 
for a reasonable restoration time frame [WAC 173-340-360(4)(b)]. 

• Consideration of Public Concerns [WAC 173-340-360(2)(b)(iii)].  Ecology will consider 
public comments submitted during the RI/FS process in making its preliminary selection of an 
appropriate cleanup action alternative.  This preliminary selection is subject to further public 
review and comment when the proposed remedy is published in the draft CAP. 

9.7.2.1  MTCA Disproportionate Cost Analysis 
The MTCA disproportionate cost analysis (DCA) is used to evaluate which of the alternatives that meet 
the threshold requirements are permanent to the maximum extent practicable.  This analysis involves 
comparing the costs and benefits of alternatives and selecting the alternative whose incremental costs are 
not disproportionate to the incremental benefits.  The evaluation criteria for the disproportionate cost 
analysis are specified in WAC 173-340-360(2) and (3), and include protectiveness, permanence, cost, 
long-term effectiveness, management of short-term risks, implementability, and consideration of public 
concerns.   
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As outlined in WAC 173-340-360(3)(e), MTCA provides a methodology that uses the criteria below to 
determine whether the costs associated with each cleanup alternative are disproportionate relative to the 
incremental benefit of the alternative above the next lowest-cost alternative.  The comparison of benefits 
relative to costs may be quantitative, but will often be qualitative.  When possible for this FS, quantitative 
factors such as mass of contaminant removed or percentage of area of impacts remaining were compared 
to costs for the alternatives evaluated, but many of the benefits associated with the criteria described 
below were necessarily evaluated qualitatively.  Costs are disproportionate to benefits if the incremental 
costs of the more permanent alternative exceed the incremental degree of benefits achieved by the other 
lower-cost alternative [WAC 173-340-360(e)(i)].  Where two or more alternatives are equal in benefits, 
Ecology selects the less costly alternative [WAC 173-340-360(e)(ii)(c)]. 

Each of the MTCA criteria used in the DCA is described below. 

Protectiveness 
The overall protectiveness of a cleanup action alternative is evaluated based on several factors.  First, the 
extent to which human health and the environment are protected and the degree to which overall risk at a 
Site is reduced are considered.  Both on-site and off-site reduction in risk resulting from implementing the 
alternative are considered.   

Permanence 
MTCA specifies that when selecting a cleanup action alternative, preference shall be given to actions that 
are “permanent solutions to the maximum extent practicable.”  Evaluation criteria include the degree to 
which the alternative permanently reduces the toxicity, mobility or mass of hazardous substances, 
including the effectiveness of the alternative in destroying the hazardous substances, the reduction or 
elimination of hazardous substance releases and sources of releases, the degree of irreversibility of waste 
treatment processes, and the characteristics and quantity of treatment residuals generated.   

Cost 
The analysis of cleanup action alternative costs under MTCA includes all costs associated with 
implementing an alternative, including design, construction, long-term monitoring, and institutional 
controls.  Costs are intended to be comparable among different alternatives to assist in the overall analysis 
of relative costs and benefits of the alternatives.  The costs to implement an alternative include the cost of 
construction, the net present value of any long-term costs, and agency oversight costs.  Long-term costs 
include operation and maintenance costs, monitoring costs, equipment replacement costs, and the cost of 
maintaining institutional controls.  Unit costs used to develop overall remediation costs for this FS were 
derived using a combination of published engineering reference manuals (i.e., R.S. Means); construction 
cost estimates solicited from applicable vendors and contractors; review of actual costs incurred during 
similar, applicable projects; and professional judgment.  

Long-Term Effectiveness 
Long-term effectiveness is a parameter that expresses the degree of certainty that the alternative will be 
successful in maintaining compliance with cleanup standards over the long-term performance of the 
cleanup action.  The MTCA regulations contain a specific preference ranking for different types of 
technologies that is to be considered as part of the comparative analysis.  The ranking places the highest 
preference on technologies such as reuse/recycling, treatment, immobilization/solidification, and disposal 
in an engineered, lined, and monitored facility.  Lower preference rankings are applied for technologies 
such as on-site isolation/containment with attendant engineered controls, and institutional controls and 
monitoring.   
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Management of Short-term Risks 
Evaluation of this criterion considers the relative magnitude and complexity of actions required to 
maintain protection of human health and the environment during implementation of the cleanup action.  
Cleanup actions carry short-term risks, such as potential mobilization of contaminants during 
construction, or safety risks typical of large construction projects.  In-water dredging activities carry a risk 
of temporary water quality degradation and potential sediment recontamination.  Some short-term risks 
can be managed through the use of best practices during project design and construction, while other risks 
are inherent to project alternatives and can offset the long-term benefits of an alternative.   

Implementability 
Implementability is an overall metric expressing the relative difficulty and uncertainty of implementing 
the cleanup action.  Evaluation of implementability includes consideration of technical factors such as the 
availability of mature technologies and experienced contractors to accomplish the cleanup work.  It also 
includes administrative factors associated with permitting and completing the cleanup.   

Consideration of Public Concerns 
The public involvement process under MTCA is used to identify potential public concerns regarding 
cleanup action alternatives.  The extent to which an alternative addresses those concerns is considered as 
part of the evaluation process.  This includes concerns raised by individuals, community groups, local 
governments, tribes, federal and state agencies, and other organizations that may have an interest in or 
knowledge of the Site.  In particular, the public concerns for this Site would generally be associated with 
environmental concerns and performance of the cleanup action, which are addressed under other criteria 
such as protectiveness and permanence.   

9.8  EVALUATION AND COMPARISON OF CLEANUP ALTERNATIVES 

This section provides an evaluation and comparative analysis of the cleanup action alternatives developed 
for the Site.  The alternatives are evaluated with respect to the MTCA evaluation criteria described in 
Section 9.7, and then compared to each other relative to their expected performance under each criterion.  
The components of the six remedial alternatives are described above in Sections 9.6.1 through 9.6.6 and 
are summarized in Table 24.  The detailed evaluation of the alternatives is presented in Table 25, and the 
results of the evaluation are summarized in Table 26. 

9.8.1  Threshold Requirements 

All of the alternatives developed in this FS except for Alternative 1 meet each of the four MTCA 
threshold requirements described for cleanup actions: protection of human health and the environment, 
compliance with cleanup standards, compliance with applicable state and federal regulations, and 
provision for compliance monitoring.  Alternative 1(“Institutional Controls”) does not meet MTCA 
threshold requirements, because this alternative would leave contaminated soil, sediment and 
groundwater in place that presents a threat to human health and the environment.  Consequently, 
Alternative 1 is not evaluated further in this FS. 

The five remaining alternatives differ in the manner in which the MTCA threshold requirements would be 
met.  Alternative 5 utilizes soil removal to the greatest extent, resulting in complete removal, to the extent 
feasible, of soil and sediment exceeding cleanup levels throughout the Site.    Alternative 5 is thus the 
most practicable permanent solution and forms the baseline cleanup action alternative [WAC 173-340-
350(8)(c)(ii)(A) and 173-340-360(3)(e)(ii)(B)].  Alternative 2 does not involve removal of contaminated 
soil or sediment (with the exception of the upper layer of sediment removed to accommodate the marine 
cap), but addresses the requirements through elimination of the respective exposure pathways.  
Alternatives 3 and 4 meet the threshold requirements through the use of removal actions that focus on the 
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areas with the highest concentrations of Site contaminants, while varying the methods used to address 
contaminants in the more remote areas of the Site (Steel Production Building and the Power House 
Complex).  

9.8.2  MTCA Disproportionate Cost Analysis 

As discussed in Section 9.7.2.1, the MTCA analysis of disproportionate costs is used to determine which 
cleanup alternative that otherwise meets threshold requirements is permanent to the maximum extent 
practicable.  Remedial Alternatives 2 through 5 meet MTCA threshold requirements, and thus were 
evaluated based on the relative benefits ranking factors of the DCA.  The evaluation of the level of 
achievement for how each individual criterion applies to each alternative, using a numeric scoring scale of 
1 (lowest) to 5 (highest) and the methodology described above in Section 9.7.2.1, is presented in 
Table 25.  Table 26 presents the analysis of these results, including the summation of the resulting scores 
for each alternative and the determination of disproportionate cost.  The conclusions of this evaluation are 
summarized in the following sections and the graph below.  

 
9.8.2.1  Protectiveness 
Remedial Alternative 5 achieves the highest level of protectiveness of the remaining alternatives as a 
result of achieving the maximum feasible removal of soil and sediment exceeding cleanup levels.  
Alternatives 3 and 4 achieve progressively lower levels of protectiveness relative to Alternative 5 based 
on the method selected to address soil in upland areas away from the shoreline (Power House Complex 
and Steel Production Building).  These three Alternatives share the same proposed remediation scope for 
the areas with the exposure pathways of greatest risk to human health and the environment; soil and 
sediment at the Former AST Area, sediment adjacent to the Former AST Area, and the TP-08 Area.  
Alternative 2 has a lower level of protectiveness as a result of relying on capping of contamination in 
place rather than removal from the Site.   
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9.8.2.2  Permanence 
Remedial Alternatives 3 through 5 all achieve a high level of permanence by achieving complete removal 
of the mass of contamination that poses the greatest risk to human health and the environment; TPH and 
metals impacted soil and sediment in the Former AST Area, the TP-08 Area, and the intertidal area 
adjacent to the Former AST Area.  The permanence of Remedial Alternatives 3 and 4 are lower than 
Alternative 5 as a result of maintaining upland contaminant mass on Site associated with the Power 
House Complex and Steel Production Building and relying on institutional controls or capping methods to 
prevent exposure.  However, Alternative 2 would be expected to have the lowest level of permanence as it 
utilizes capping methods for contaminated marine sediments, which would have a higher possibility of 
failure due to erosion and other natural processes that could expose contaminants in the future.     

9.8.2.3  Long-Term Effectiveness 
The long-term effectiveness of the four alternatives that meet the threshold requirements have relative 
rankings similar to those described above for the Permanence category.  The long-term effectiveness 
relies heavily on using proven technologies to remove contaminant mass.  Alternatives that rely primarily 
(Alternative 2) or partially (Alternatives 3 and 4) on capping and/or institutional controls to protect 
human health and the environment, while leaving contaminants in place have lower long-term 
effectiveness as a result of the need to monitor and the potential for the need to revisit the cleanup action 
in the event of failure.  Alternative 5 relies on removal of contaminant mass from the Site to the greatest 
extent practicable and therefore achieves the highest level of long-term effectiveness.  

9.8.2.4  Management of Short-Term Risks 
Remedial Alternatives 3 through 5 involve extensive soil removal, including excavation near and within 
the shoreline and across large areas of open park space currently used by the public.  However, the 
relative difference between the short-term risks associated with these four alternatives is low.  The short-
term risk associated with Remedial Alternative 2 is lower than the other three Alternatives as a result of 
the reduced scope of the intrusive earthwork.  However, Alternative 2 involves a significant amount of 
earthwork associated with upland and marine capping, reducing the difference between the Alternatives.   

9.8.2.5  Technical and Administrative Implementability 
All of the four Remedial Alternatives that meet the threshold requirements are generally implementable 
using commonly available methods.  Alternative 2 rates a higher level of technical implementability due 
to the limited nature of the associated earthwork but has a reduced level of administrative 
implementability associated with the development and maintenance of extensive institutional controls.  
Remedial Alternative 5 has a lower level of technical implementability as a result of including removal of 
contaminated soil in the Power House Complex and Steel Production Building Area.  Including these 
difficult to access areas of the Site significantly increases the difficulty of Alternative 5.  Alternatives 3 
and 4 have moderate implementability, with the capping element of Alternative 4 reducing the relative 
implementability slightly.  All of these alternatives have significant earthwork components, particularly 
the shoreline excavations associated with the former AST area.   

9.8.2.6  Cost 
The cost estimates for Remedial Alternatives 2 through 5 were developed as described in section 9.7.2.1 
and are presented in Tables 26 through 29.     

• Remedial Alternative 2 (Capping all Sub-Areas) has an estimated cost of approximately 
$789,000.  This alternative includes the removal of approximately 930 tons of contaminated soil. 

• Remedial Alternative 3 (Excavation/Removal at the Sediment Remediation Area, Former AST 
Areas and TP08 Vicinityand Institutional Controls at the Power House Complex and Steel 
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Production Building) has an estimated cost of approximately $2.23 million.  This alternative 
includes the removal of approximately 11,200 tons of contaminated soil. 

• Remedial Alternative 4 (Excavation/Removal at the Sediment Remediation Area, Former AST 
Areas and TP08 Vicinity and Capping at Power House Complex and Steel Production Building) 
has an estimated cost of approximately $2.34 million.  This alternative includes the removal of 
approximately 11,200 tons of contaminated soil. 

• Remedial Alternative 5 (Excavation/Removal all Sub-Areas) has an estimated cost of 
approximately $4.12 million.  This alternative includes the removal of approximately 21,500 tons 
of contaminated soil. 

9.8.3  Reasonable Restoration Time Frame 

The restoration time frame for all of the proposed Remedial Alternatives that meet the threshold 
requirements is expected to be on the order of two to three years.  This time frame includes project 
design, permitting, contracting, construction, and Site closure activities.  Management of institutional 
controls in the form of restrictive covenants would be required for the contaminated soil left in place 
under Alternatives 2, 3, and 4.  Long-term monitoring may be necessary to ensure compliance with the 
covenants.  These requirements would extend the duration of the associated alternatives and are described 
in Table 25. 

9.8.4  Consideration of Public Concerns 

The remedial alternatives proposed for the Site are generally expected to be acceptable to the public.  The 
alternatives that achieve the greatest level of protection and certainty rely on the greatest level of soil 
removal and result in the most intrusive Site activities.  Each of the alternatives that involve significant 
removal of contaminated soil scored a 4 for this criterion (i.e., low to moderate public concern).  
Alternative 2, which relies predominantly on capping, would be expected to have a lower level of 
acceptance by the public and therefore, was scored lower than the other alternatives, with a score of 3.   

9.9  PREFERRED CLEANUP ALTERNATIVE  

Based on the comparative analysis presented in Section 9.8.2, the preferred Remedial Alternative for the 
Site is Alternative 4.  This alternative reduces immediate risk to potential human and ecological receptors 
through: 

1. Complete removal of contaminated sediment below the MHHW;  

2. Complete removal of TPH and metals contaminated soil at the former AST area and the area in 
the vicinity of sample location TP-08; 

3. Installation of a permeable geotextile and soil cap to prevent direct exposure to contaminated soil 
in the Power House Complex and Steel Production Building areas; and 

4. Perform site restoration tasks including restoring excavation areas to original conditions; planting 
soil cap areas for use as public park space; and remove slag material in the slag outcrop area 
along the shoreline to allow restoration of the shoreline.   

As summarized in Table 30, Alternative 5 ranks the highest of the four alternatives that meet threshold 
requirements.  However, the estimated costs associated with Alternative 5 ($4.12 million) is nearly double 
the cost of the next highest ranking alternative, Alternative 4 ($2.34 million), and therefore the cost of 
Alternative 5 is considered substantial and disproportionately higher than the estimated cost of 
Alternative 4 relative to the incremental environmental benefit.  The cost of Alternative 4 is not 
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significantly higher than the estimated cost of the next highest ranking alternative, Alternative 3 
($2.23 million) and therefore the increased cost of Alternative 4 is not disproportionate to the increase of 
the environmental benefit associated with capping of the Power House Complex and Steel Production 
Building (Alternative 4) versus the use of only institutional controls (Alternative 3).  Consequently, 
Alternative 4 is preferred over the other alternatives. 

10.0  LIMITATIONS 

We have prepared this report for the exclusive use by SAIC (GeoEngineers is subcontracted to SAIC for 
Ecology Contract  #C0700034), it’s authorized agents and the Washington State Department of Ecology. 
The information contained herein is not intended for use by others and it is not applicable to other sites.  
No other (third) party may rely on the product of our services unless we agree in advance and in writing 
to such reliance.  This plan can be provided to contractors, maintenance and utility personnel or other 
third parties for informational purposes only.  This is to provide our firm with reasonable protection 
against open-ended liability claims by third parties with whom there would otherwise be no contractual 
limits to their actions. 

Within the limitations of scope, schedule and budget, our services have been executed in accordance with 
generally accepted environmental science practices in this area at the time this report was prepared.  The 
conclusions and opinions presented in this report are based on our professional knowledge, judgment and 
experience.  No warranty or other conditions, express or implied, should be understood.  

Any electronic form, facsimile or hard copy of the original document (email, text, table and/or figure), if 
provided, and any attachments should be considered a copy of the original document.  The original 
document is stored by GeoEngineers, Inc. and will serve as the official document of record. 

Please refer to Appendix H titled “Report Limitations and Guidelines for Use” for additional information 
pertaining to use of this report. 
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Hart Crowser  (1996)
SS-3 (slag) SS-3 March-07 0.2 - 0.25 -- -- 0.1 U -- -- --

SS-4 SS-4 March-07 surface -- -- 134,000 -- -- --
TP-5, S-4 TP-5, S-4 3/7/2007 7.0 - 8.0 -- -- 1,085 -- -- --
TP-8, S-1 TP-8, S-1 3/8/2007 0.0 - 1.0 -- -- 220 -- -- --
TP-9, S-1 TP-9, S-1 3/8/2007 0.0 - 2.0 -- -- 700 -- -- --
TP-10, S-1 TP-10, S-1 3/8/2007 1.0 - 2.0 -- -- 0.1 U -- -- --
TP-11, S-1 TP-11, S-1 3/9/2007 0.0 - 2.0 -- -- 0.1 U -- -- --
TP-12, S-3 TP-12, S-3 3/9/2007 4.5 - 6.0 -- -- 0.1 U -- -- --

Jefferson County (2001)
SS1 SS1 10/25/2001 unknown -- -- -- 230 950 1180

SS2 SS2 10/25/2001 unknown -- -- -- 2,000 16,000 18,000

GeoEngineers (2007 and 2008)
DP01-070626-5 6/26/2007 5 0 hs -- 6.1 U 12 U --
DP01-080626-11 6/26/2007 11 15.9 ns -- 8 U 15 U --
DP02-070625-11 6/25/2007 11 14.6 hs DRO/Motor Oil 4,700 4,500 9,200
DP02-070625-13 6/25/2007 13 238 ss DRO/RRO 12 U 27 27

DP03 DP03-070626-7 6/25/2007 7 390 ns Motor Oil <5.5 13 13
DP04-070625-7.5 6/25/2007 7.5 49.7 ms -- <5.6 <11 --
DP04-070625-12 6/25/2007 12 234 ms -- <6.9 <14 --

DP05 DP05-070626-7 6/25/2007 7 ns -- <6.2 <12 --

DP06 DP06-070625-7 6/25/2007 7 18.9 ss -- 6.0 UJ 12 UJ --
TP01 TP01-070625-2.5 6/25/2007 2.5 0 ns -- 5.4 U 11 U --
TP02 TP02-070625-2 6/25/2007 2 0 ns DRO/Motor Oil 17 70 87
TP04 TP04-070627-2 6/27/2007 2 -- -- DRO/Motor Oil 42 250 292

TP05-070627-2 6/27/2007 2 -- -- -- <5.8 <12 --
TP05-070627-4 6/27/2007 4 -- -- -- <6.3 <13 --
TP06-070621-2 6/21/2007 2 0 ns -- <5.1 <10 --
TP06-070621-4 6/21/2007 4 0 ns -- <5.5 <11 --

TP06-070621-6.5 6/21/2007 6.5 0 ns -- <6.2 <12 --
TP07-070621-2 6/21/2007 2 0 ns Motor Oil <5.4 17 17
TP07-070621-4 6/21/2007 4 0 vss -- <5.4 <11 --

TP07-070621-6.5 6/21/2007 6.5 0 ns -- <6.1 <12 --

TP08-070621-1.5 6/21/2007 1.5 0 vss DRO/Motor Oil 16 62 78

TP08-070621-4 6/21/2007 4 0 ns Motor Oil <6.5 21 21

TP08-070621-6 6/21/2007 6 0 ns -- <6.1 <12 --
TP09-070622-2 06/22/07 2 0 ns -- <5.5 <11 --
TP09-070622-4 06/22/07 4 0 ns -- <5.6 <11 --
TP09-070622-8 6/22/2007 8 0 ns -- <6.1 <12 --
TP11-070621-2 6/21/2007 2 0.5 hs DRO/Motor Oil 9,200 12,000 21,200
TP11-070621-4 6/21/2007 4 0.5 hs DRO/Motor Oil 5,000 5,000 10,000

TP11-070621-6.5 6/21/2007 6.5 1.5 ms DRO/Motor Oil 4,500 4,100 8,600
TP11-070621-2seep 6/21/2007 2seep 0 ms DRO/Motor Oil 3,200 5,200 8,400
TP11-BA-080606-3 6/6/2008 3 -- -- DRO/RRO 3,900 5,400 9,300

TP12 TP12-070622-7 6/22/2007 7 0 ns -- <6.2 <12 --
TP13 TP13-070625-8 6/25/2007 8 0 ns -- <5.8 <12 --
TP14 TP14-070626-8 6/26/2007 8 0 ns -- <5.9 <12 --

TP15-070621-6.5 6/21/2007 6.5 0 ns -- <9.9 <20 --
TP15-BA-080606-2 6/6/2008 2 -- -- DRO/RRO 30 120 150

TP16 TP16-070622-7 6/22/2007 7 0 ns -- <6.0 <12 --
TP17 TP17-070626-2 6/26/2007 2 0 ss -- <5.1 <10 --
TP18 TP18-070626-8 6/26/2007 8 0 ns -- <6.5 <13 --
TP19 TP19-070621-7 6/21/2007 7 0 ns -- <6.7 <13 --

TP20-070625-2 6/25/2007 2 0 ss -- <5.4 <11 --
TP20-070625-6 6/25/2007 6 0 ss -- <5.2 <10 --

TP22 TP22-070626-2 6/26/2007 2 0 ss DRO/Motor Oil 5.5 23 28.5
TP23-070622-7 6/22/2007 7 0 ns -- <5.8 <12 --

TP23-BA-080606-2 6/6/2008 2 -- -- RRO <5.5 12 12
TP24-070622-2 6/22/2007 2 0.5 hs DRO/Motor Oil 17,000 16,000 33,000

TP24-BA-080606-3 6/6/2008 3 -- -- DRO/RRO 4,300 5,100 9,400
TP26-070622-2 6/22/2007 2 0 ns -- <5.3 <11 --
TP26-070622-4 6/22/2007 4 0 ns -- <5.4 <11 --

TP26-070622-6.5 6/22/2007 6.5 0 ms DRO/Motor Oil 4,900 4,800 9,700
TP26-070622-7 6/22/2007 7 0.5 hs DRO/Motor Oil 10,000 8,800 18,800

TP27 TP27-070625-5 6/25/2007 5 0 ns DRO/Motor Oil 7.6 22 29.6

DP01

DP02

TP08

TP11

TP06

TP07

DP04

TP23

TP24

TP15

TP26

TP20

TABLE 1
SUMMARY CHEMICAL ANALYTICAL DATA

PETROLEUM IN SOIL
DRAFT RI/FS

HCIDSheen

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Headspace 
Vapors
(ppm)

Diesel-range 
Hydrocarbons 

(mg/kg)

Laboratory Analytical Results
Combined Total 

Petroleum 
Hydrocarbons3 

Heavy Oil-range 
Hydrocarbons 

(mg/kg)

Field Screening Results2
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Collection 

DateSample ID
Sample Depth (feet 

bgs)

TP05

TP09
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TABLE 1
SUMMARY CHEMICAL ANALYTICAL DATA

PETROLEUM IN SOIL
DRAFT RI/FS

HCIDSheen

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Headspace 
Vapors
(ppm)

Diesel-range 
Hydrocarbons 

(mg/kg)

Laboratory Analytical Results
Combined Total 

Petroleum 
Hydrocarbons3 

Heavy Oil-range 
Hydrocarbons 

(mg/kg)

Field Screening Results2

Location ID1
Collection 

DateSample ID
Sample Depth (feet 

bgs)
TP28-070625-3 6/25/2007 3 0 ns -- <6.1 <12 --
TP28-070625-5 6/25/2007 5 0 ss DRO/Motor Oil 150 200 350

TP28-070625-6.5 6/25/2007 6.5 0 ns -- <5.7 <12 --
TP29-070625-3 6/25/2007 3 0 ns DRO/Motor Oil 43 140 183
TP29-070625-6 6/25/2007 6 0 ns DRO/Motor Oil 12 43 55
TP29-070625-7 6/25/2007 7 0 ns DRO/Motor Oil <5.8 15 15

TP30 TP30-070626-3.5 6/26/2007 3.5 0 ss -- <5.5 <11 --

TP32 TP32-071210-7.5 12/10/2007 7.5 -- -- RRO 5.8 U 14 14
TP35-071212-1.5 12/10/2007 1.5 -- -- -- 5.5 U 11 U --

TP35-07210-5 12/10/2007 5 -- -- -- 5.9 U 12 U --
TP35-071210-7.5 12/10/2007 7.5 -- -- -- 6.3 U 12 U --

TP36A TP36A-071211-9.5 12/11/2007 9.5 -- -- -- 6.3 U 13 U --

Applicable Screening Levels
MTCA Method A4 2,000
Sediment Bioassay5 136

Notes:
1Approximate locations of soil samples are shown in Figures 3 and 4. 
2Field screening methods are described in Appendix A.  NS=No sheen; SS=slight sheen; MS=moderate sheen; HS=heavy sheen.  
3Total Petroleum Hydrocarbons equals sum of diesel-range and heavy-oil range concentrations.

HCID = Hydrocarbon identification

MTCA = Model Toxics Control Act

DRO = Diesel Range Organics

RRO = Residual Range Organics

mg/kg=milligrams per kilogram

ppm=parts per million

Shading indicates that the analyte was detected at a concentration exceeding the MTCA Method A or Sediment Bioassay screening level, whichever is applicable.

"U" indicates analyte not detected.  The number reported is the method reporting limit.

"J" value estimated by analytical laboratory

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\Draft RI-FS Tables 1-4.xls

5This value is a sediment screening level derived from bioassays conducted on intertidal sediments obtained at the Irondale Site (See Appendix D).  This value is applicable to soil near the former 
6,000 barrel above ground storage tank.

TP35

TP28

TP29

4MTCA Method A soil cleanup levels for unrestricted land use (Table 740-1;Chapter 173-340WAC).  This value is applicable to soil above the bluff (i.e., Power House Complex and Steel Production Building)
 and in the nearshore fill area.
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Sample ID TP11-070621-2 TP26-070622-7
Collection Date 6/21/2007 6/22/2007

Location ID1 (mg/kg) (mg/kg)
GeoEngineers (2007 and 2008)

Aliphatics, C8-C10 27 U 27 J
Aliphatics, C10-C12 67 260
Aliphatics, C12-C16 1,200 2,200
Aliphatics, C16-C21 4,300 3,800
Aliphatics, C21-C34 7,400 5,200
Aromatics, C8-C10 27 U 24 U

Aromatics, C10-C12 27 U 52
Aromatics, C12-C16 200 580
Aromatics, C16-C21 3,700 3,800
Aromatics, C21-C34 6,500 5,000

Notes:
1Approximate locations of soil samples are shown in Figure 4. 

"U" indicates analyte not detected.  The number reported is the method reporting limit.

"J" value estimated by analytical laboratory

mg/kg=milligrams per kilogram

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\Draft RI-FS Tables 1-4.xls

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

TABLE 2
SUMMARY CHEMICAL ANALYTICAL DATA

EXTRACTABLE PETROLEUM HYDROCARBONS  (EPH) IN SOIL
DRAFT RI/FS
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Sample Antimony Arsenic (III/V) Beryllium Cadmium Chromium Copper Iron Lead Mercury Nickel Selenium Silver Thallium Zinc Arsenic Lead
Location ID1 Sample ID Depth (feet bgs) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L)

Hart Crowser  (1996); GeoEngineers (2008, TP-6 only)
TP-5 TP-5, S-3 3/7/1996 5.0 - 6.0 -- 6 -- 0.5 U 9.5 67 23,000 56 0.13 U 24 -- -- -- 130 0.05 U 0.03 U
TP-5 TP-5, S-4 3/7/1996 7.0 - 8.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

TP-6, S-1 3/8/1996 0.5 - 2.0 -- 11 -- -- 27 180 66,000 120 0.13 U 16 -- -- -- 61 0.05 U 0.03 U
DP06-BA-080605-1 6/5/2008 1 -- 6.2 -- -- -- 127 24,800 91 -- 31 J -- -- -- 106 J -- --

TP-7 TP-7, S-2 3/8/1996 2.0 - 4.0 -- 1.7 -- 0.5 U 12 17 13,000 27 0.13 U 25 -- -- -- 29 -- --
TP-8 TP-8, S-1 3/8/1996 0.0 - 1.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
TP-9 TP-9, S-1 3/8/1996 0.0 - 2.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
TP-9 TP-9, S-2 3/8/1996 3.0 - 5.0 -- 2.3 -- 0.5 U 15 15 14,000 5 U 0.13 U 35 -- -- -- 20 -- --
TP-10 TP-10, S-1 3/8/1996 1.0 - 2.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
TP-10 TP-10, S-3 3/8/1996 6.5 - 8.0 -- 1.2 -- 0.5 U 8.9 6.2 7,800 5 U 0.13 U 16 -- -- -- 13 -- --
TP-11 TP-11, S-1 3/9/1996 0.0 - 2.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
TP-11 TP-11, S-2 3/9/1996 2.5 - 4.5 -- 68 -- 0.71 8.2 270 110,000 220 0.13 U 33 -- -- -- 670 0.05 U 0.03 U
TP-12 TP-12, S-3 3/9/1996 4.5 - 6.0 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
TP-19 TP-19, S-2 3/9/1996 6.0 - 8.0 -- 18 -- 0.5 U 10 51 44,000 5 U 0.13 U 11 -- -- -- 160 0.05 U --

SS-3 (slag) SS-3 March-96 0.2 - 0.25 -- 2.8 U -- 0.5 U 83 420 320,000 2,200 0.13 U 12 -- -- -- 81 0.05 U 0.03 U
SS-4 SS-4 March-96 surface -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

SS-5 (slag) SS-5 March-96 0.25 -- 4.8 -- 0.5 U 8.3 62 25,000 11 0.13 U 14 -- -- -- 50 -- --
Jefferson County (2001)

SS1 SS1 10/25/2001 unknown -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SS2 SS2 10/25/2001 unknown -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
SS3 SS3 10/25/2001 unknown nd 15.3 nd nd 23.6 108 -- 87.1 0.1 37 nd nd nd 409 -- --
SS4 SS4 10/25/2001 unknown nd 8.9 nd nd 20.5 42.3 -- 61.1 0.0 32.4 nd nd nd 268 -- --
SS5 SS5 10/25/2001 unknown nd 6.1 nd nd 22.7 79.4 -- nd 0.1 29.4 nd nd nd 65.9 -- --
SS6 SS6 10/25/2001 unknown nd 5.4 nd nd 32.6 48.7 -- 24.7 0.1 45.9 nd nd nd 72.9 -- --

SS7 (slag) SS7 10/25/2001 unknown nd 10.7 nd nd 111 318 -- 1,910 nd 15.8 nd nd nd 144 nd nd
SS8 SS8 10/25/2001 unknown nd 4.3 nd nd 34.2 47.6 -- nd 0.1 45.4 nd nd nd 73.3 -- --

Ecology (2005);
(soil/slag) 05444012; Location 003 11/3/2005 0.5 0.21 9.06 1.04 0.20 17.3 466 -- 5.41 0.005 U 22.3 0.50 UJ 0.20 0.10 U 33 -- --

GeoEngineers (2007 and 2008)
DP01-070626-5 6/26/2007 5 -- 32 J -- -- -- 497 93,800 10 U -- 22 -- -- -- 61 -- --

DP01-BA-080605-4 6/5/2008 4 -- 4.8 -- -- -- 97.1 31,700 8 -- 33 J -- -- -- 86 J -- --
DP03 DP03-070626-7 6/26/2007 7 -- 0.3 UJ -- -- -- 19 6,180 10 U -- 5 U -- -- -- 5 U -- --
DP04 DP04-070625-7.5 6/25/2007 7.5 -- 6 U -- -- -- 5.8 10,700 2 U -- 19 -- -- -- 19 -- --
DP05 DP05-070626-7 6/26/2007 7 -- 6 U -- -- -- 6.0 10,200 2 U -- 23 -- -- -- 21 -- --

GEISS1-071213-.25 12/13/2007 0.25 -- 15.1 -- -- -- 205 J 57,700 74 -- 31 -- -- -- 273 -- --
GEISS1-071213-1.5 12/13/2007 1.5 -- 4 -- -- -- 103 J 16,500 10 U -- 6 -- -- -- 48 -- --

GEI-SS1-BA-080605-1 6/5/2008 1 -- 4.8 -- -- -- 74 37,800 20 -- 6 J -- -- -- 55 J -- --
GEISS2 GEISS2-071213-1.5 12/13/2007 1.5 -- 2.6 -- -- -- 42 J 9,710 7 -- 20 -- -- -- 33 -- --
GEISS3 GEISS3-071213-1 12/13/2007 1 -- 7.1 -- -- -- 46 J 17,200 10 -- 6 -- -- -- 11 -- --
SLAG1 SLAG1-070627 6/27/2007 ? -- 36 -- -- -- 3,060 363,000 40 U -- 80 -- -- -- 20 -- --
SLAG2 SLAG2-070627 6/27/2007 ? -- 0.5 U -- -- -- 13.8 3,320 9 U -- 16 -- -- -- 5 U -- --

TP01-070625-1 6/25/2007 1 -- 5 U -- -- -- 17.6 18,200 7 J -- 30 -- -- -- 43 -- --
TP01-070625-2.5 6/25/2007 2.5 -- 6 U -- -- -- 19.2 18,300 2 UJ -- 47 -- -- -- 34 -- --
TP02-070625-2 6/25/2007 2 -- 13 J -- -- -- 167 99,000 130 J -- 54 -- -- -- 363 -- --
TP02-070625-3 6/25/2007 3 -- 5 U -- -- -- 16.1 18,500 3 J -- 40 -- -- -- 31 -- --

TP02-BA-080605-2.5 6/5/2008 2.5 -- 1.9 -- -- -- 14.4 16,100 10 -- 36 J -- -- -- 42 J -- --
TP03-070626-1 6/26/2007 1 -- 58 J -- -- -- 668 419,000 720 -- 160 J -- -- -- 1,570 -- --
TP03-070626-2 6/26/2007 2 -- 6 -- -- -- 37.4 24,300 27 -- 25 J -- -- -- 237 -- --

TP03-BS-080606-2 6/6/2008 2 -- 29.1 -- -- -- 260 130,000 280 -- 54 J -- -- -- 1,460 J -- --

TP03-ASP-080606 6/6/2008 2 -- Arsenic III = 0.102 J
Arsenic V = 10.8 J

-- -- -- -- -- -- -- -- -- -- -- -- -- --

TP03-CS-080606 6/6/2008 surface soil -- 28.1 -- -- -- 318 156,000 370 -- 60 J -- -- -- 1,820 J -- --
TP04-070627-2 6/27/2007 2 -- 6 U -- -- -- 47.2 21,200 7 -- 30 -- -- -- 57 -- --
TP04-070627-4 6/27/2007 4 -- 6 U -- -- -- 48.6 24,100 11 -- 34 -- -- -- 72 -- --
TP05-070627-2 6/27/2007 2 -- 6 U -- -- -- 10.5 14,300 2 U -- 33 -- -- -- 26 -- --
TP05-070627-4 6/27/2007 4 -- 6 U -- -- -- 14.1 15,000 3 U -- 39 -- -- -- 33 -- --
TP06-070621-2 6/21/2007 2 -- 5 U -- -- -- 14.9 J 18,100 J 2 U -- 43 J -- -- -- 29 J -- --
TP06-070621-4 6/21/2007 4 -- 5 U -- -- -- 10.6 J 13,100 J 2 U -- 32 J -- -- -- 26 J -- --

TP06-070621-6.5 6/21/2007 6.5 -- 6 U -- -- -- 10.8 J 14,100 J 2 U -- 47 J -- -- -- 33 J -- --
TP07-070621-2 6/21/2007 2 -- 5 U -- -- -- 18.5 J 20,100 J 3 -- 36 J -- -- -- 28 J -- --
TP07-070621-4 6/21/2007 4 -- 5 U -- -- -- 21.7 J 14,600 J 2 U -- 38 J -- -- -- 30 J -- --

TP07-070621-6.5 6/21/2007 6.5 -- 6 U -- -- -- 11.2 J 13,100 J 2 U -- 32 J -- -- -- 28 J -- --

TP-6

TCLPMetals
Collection 

Date

TABLE 3
SUMMARY OF CHEMICAL ANALYTICAL DATA

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
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Sample Antimony Arsenic (III/V) Beryllium Cadmium Chromium Copper Iron Lead Mercury Nickel Selenium Silver Thallium Zinc Arsenic Lead
Location ID1 Sample ID Depth (feet bgs) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L)

TCLPMetals
Collection 

Date

TABLE 3
SUMMARY OF CHEMICAL ANALYTICAL DATA

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

METALS IN SOIL AND SLAG

TP08-070621-1.5 6/21/2007 1.5 -- 14 J -- -- -- 137 J 39,800 J 14 -- 42 J -- -- -- 68 J -- --
TP08-070621-4 6/21/2007 4 -- 180 -- -- -- 95 J 143,000 J 10 U -- 28 J -- -- -- 44 J -- --
TP08-070621-6 6/21/2007 6 -- 27 J -- -- -- 1,640 J 171,000 J 20 U -- 10 UJ -- -- -- 110 J -- --

TP08-BA-080606-4 6/6/2008 4 -- 8.4 -- -- -- 298 26,700 8 -- 31 J -- -- -- 45 J -- --

TP08-ASP-080606 6/6/2008 2 -- Arsenic III = 0.023 UJ
Arsenic V = 4.17 J

-- -- -- -- -- -- -- -- -- -- -- -- -- --

TP09-070622-2 6/22/2007 2 -- 5 U -- -- -- 10.8 13,700 2 U -- 37 -- -- -- 24 -- --
TP09-070622-4 6/22/2007 4 -- 5 U -- -- -- 11.9 12,500 2 U -- 26 -- -- -- 24 -- --
TP09-070622-8 6/22/2007 8 -- 6 U -- -- -- 14.1 14,700 2 U -- 37 -- -- -- 25 -- --
TP10-070622-2 6/22/2007 2 -- 5 U -- -- -- 12.3 15,100 6 -- 27 -- -- -- 25 -- --
TP10-070622-6 6/22/2007 6 -- 6 U -- -- -- 13.4 14,500 2 U -- 38 -- -- -- 28 -- --

TP10-070622-7.5 6/22/2007 7.5 -- 6 U -- -- -- 19.2 13,200 3 -- 43 -- -- -- 26 -- --
TP10-BA-080605-1 6/5/2008 1 -- 1.9 -- -- -- 28.9 18,100 6 -- 48 J -- -- -- 29 J -- --

TP11-070621-2 6/21/2007 2 -- 6 U -- -- -- 69 J 17,400 J 3 -- 46 J -- -- -- 35 J -- --
TP11-070621-6.5 6/21/2007 6.5 -- 6 U -- -- -- 9.7 J 13,000 J 2 U -- 35 J -- -- -- 25 J -- --
TP12-070622-1.5 6/22/2007 1.5 -- 6.5 -- -- -- 84.1 38,000 13 -- 34 -- -- -- 43 -- --
TP12-070622-3 6/22/2007 3 -- 5 U -- -- -- 6.7 11,300 2 U -- 21 -- -- -- 19 -- --
TP12-070622-7 6/22/2007 7 -- 6 U -- -- -- 5.4 9,600 3 U -- 22 -- -- -- 18 -- --

TP12-BA-080605-2 6/5/2008 2 -- 2.6 -- -- -- 39.9 15,900 6 -- 22 J -- -- -- 33 J -- --
TP13-070625-2.5 6/25/2007 2.5 -- 5 U -- -- -- 5.9 10,000 2 UJ -- 21 -- -- -- 18 -- --
TP13-070625-5 6/25/2007 5 -- 5 U -- -- -- 5.9 11,700 2 UJ -- 24 -- -- -- 22 -- --
TP13-070625-8 6/25/2007 8 -- 6 U -- -- -- 6.7 11,200 2 UJ -- 23 -- -- -- 22 -- --
TP14-070626-2 6/26/2007 2 -- 5 U -- -- -- 8.4 14,900 2 U -- 28 J -- -- -- 28 -- --
TP14-070626-6 6/26/2007 6 -- 5 U -- -- -- 4.1 8,400 2 U -- 19 J -- -- -- 17 -- --
TP14-070626-8 6/26/2007 8 -- 6 U -- -- -- 4.6 9,260 2 U -- 19 J -- -- -- 19 -- --
TP15-070621-2 6/21/2007 2 -- 5 U -- -- -- 5.6 J 9,930 J 2 U -- 19 J -- -- -- 18 J -- --
TP15-070621-4 6/21/2007 4 -- 5 U -- -- -- 5 J 10,100 J 2 U -- 21 J -- -- -- 19 J -- --

TP15-070621-6.5 6/21/2007 6.5 -- 6 U -- -- -- 5.2 J 9,070 J 2 U -- 26 J -- -- -- 18 J -- --
TP16-070622-2 6/22/2007 2 -- 5 U -- -- -- 6.1 10,300 2 U -- 20 -- -- -- 18 -- --
TP16-070622-4 6/22/2007 4 -- 5 U -- -- -- 6.0 11,300 2 U -- 22 -- -- -- 21 -- --
TP16-070622-7 6/22/2007 7 -- 6 U -- -- -- 5.7 12,000 2 U -- 20 -- -- -- 19 -- --
TP17-070626-2 6/26/2007 2 -- 5 U -- -- -- 7.5 11,600 2 U -- 19 J -- -- -- 23 -- --
TP17-070626-6 6/26/2007 6 -- 6 U -- -- -- 4.5 8,590 2 U -- 20 J -- -- -- 17 -- --
TP17-070626-8 6/26/2007 8 -- 6 U -- -- -- 4.5 8,510 2 U -- 21 J -- -- -- 19 -- --

TP18-070626-1.5 6/26/2007 1.5 -- 5 U -- -- -- 23 17,900 52 -- 27 J -- -- -- 141 -- --
TP18-070626-3 6/26/2007 3 -- 5 U -- -- -- 4.3 7,460 2 U -- 18 J -- -- -- 17 -- --
TP18-070626-8 6/26/2007 8 -- 7 U -- -- -- 5.3 8,900 3 U -- 22 J -- -- -- 18 -- --

TP18-BA-080605-2 6/5/2008 2 -- 3.1 -- -- -- 16.3 14,200 20 -- 22 J -- -- -- 39 J -- --
TP19-070621-2 6/21/2007 2 -- 5 U -- -- -- 9.3 J 12,800 J 2 U -- 23 J -- -- -- 20 J -- --

TP19-070621-5.5 6/21/2007 5.5 -- 5 U -- -- -- 4.9 J 9,130 J 2 U -- 19 J -- -- -- 18 J -- --
TP19-070621-7 6/21/2007 7 -- 7 U -- -- -- 6.1 J 10,600 J 3 U -- 25 J -- -- -- 21 J -- --
TP20-070625-2 6/25/2007 2 -- 5 U -- -- -- 19.6 20,300 4 J -- 44 -- -- -- 40 -- --
TP20-070625-4 6/25/2007 4 -- 5 U -- -- -- 19 18,800 2 UJ -- 47 -- -- -- 33 -- --
TP20-070625-6 6/25/2007 6 -- 5 U -- -- -- 5.2 10,000 2 UJ -- 20 -- -- -- 19 -- --
TP21-070625-2 6/25/2007 2 -- 7.9 J -- -- -- 43.2 30,000 31 J -- 38 -- -- -- 80 -- --
TP21-070625-4 6/25/2007 4 -- 5 U -- -- -- 26.2 17,800 33 J -- 44 -- -- -- 58 -- --
TP22-070626-2 6/26/2007 2 -- 64 J -- -- -- 1,630 371,000 40 U -- 140 J -- -- -- 20 U -- --

TP22-BS-080606-3 6/6/2008 3 -- 2.0 -- -- -- 9.5 15,300 3 -- 28 J -- -- -- 32 J -- --

TP22-ASP-080606 6/6/2008 2 -- Arsenic III = 0.023 UJ
Arsenic V = 1.00 J

-- -- -- -- -- -- -- -- -- -- -- -- -- --

TP23-070622-0.5 6/22/2007 0.5 -- 5 U -- -- -- 33.9 22,900 4 -- 40 -- -- -- 37 -- --
TP23-070622-2 6/22/2007 2 -- 5 U -- -- -- 15.3 15,200 2 U -- 39 -- -- -- 26 -- --
TP23-070622-7 6/22/2007 7 -- 11 -- -- -- 14.9 18,100 2 U -- 82 -- -- -- 27 -- --

TP24 TP24-070622-2 6/22/2007 2 -- 7 U -- -- -- 29.5 14,200 11 -- 32 -- -- -- 51 -- --
TP26-070622-2 6/22/2007 2 -- 5 U -- -- -- 15.4 15,000 2 U -- 35 -- -- -- 25 -- --

TP26-070622-6.5 6/22/2007 6.5 -- 6 U -- -- -- 15.6 14,200 2 U -- 49 -- -- -- 28 -- --
TP27 TP27-070625-5 6/25/2007 5 -- 6 U -- -- -- 14.8 16,800 3 J -- 41 -- -- -- 34 -- --
TP28 TP28-070625-5 6/25/2007 5 -- 6 U -- -- -- 97.1 24,600 4 J -- 57 -- -- -- 40 -- --

TP30-070626-3.5 6/26/2007 3.5 -- 5 U -- -- -- 6.7 14,800 2 U -- 32 J -- -- -- 42 -- --
UBSS2-071212-.5 12/12/2007 0.5 -- 41 -- -- -- 776 208,000 80 -- 80 -- -- -- 60 -- --
TP32-071210-1.5 12/10/2007 1.5 -- 51 -- -- -- 5,810 J 119,000 10 U -- 21 -- -- -- 159 -- --
TP32-071210-5 12/10/2007 5 -- 8.5 -- -- -- 122 J 25,900 11 -- 31 -- -- -- 58 -- --

TP32-BA-080606-3 6/6/2008 3 -- 38.5 -- -- -- 883 106,000 50 -- 13 J -- -- -- 84 J -- --

TP32-ASP-080606 6/6/2008 2 -- Arsenic III = 0.053 J
Arsenic V = 31.0 J

-- -- -- -- -- -- -- -- -- -- -- -- -- --

TP32-CS-080606 6/6/2008 surface soil -- 50.4 -- -- -- 1,150 95,700 40 -- 19 J -- -- -- 81 J -- --

TP23
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Sample Antimony Arsenic (III/V) Beryllium Cadmium Chromium Copper Iron Lead Mercury Nickel Selenium Silver Thallium Zinc Arsenic Lead
Location ID1 Sample ID Depth (feet bgs) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/L) (mg/L)

TCLPMetals
Collection 

Date

TABLE 3
SUMMARY OF CHEMICAL ANALYTICAL DATA

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

METALS IN SOIL AND SLAG

TP33 TP33-071211-2 12/11/2007 2 -- 16 -- -- -- 321 J 45,600 20 -- 26 -- -- -- 126 -- --
TP34-071210-1.5 12/10/2007 1.5 -- 5.3 -- -- -- 43 J 20,500 9 -- 37 -- -- -- 56 -- --
TP34-071210-5 12/10/2007 5 -- 22 -- -- -- 144 J 46,000 17 -- 29 -- -- -- 120 -- --

TP37-071212-1.5 12/12/2007 1.5 -- 1.5 -- -- -- 8.7 J 16,400 2 U -- 32 -- -- -- 27 -- --
TP37-071212-5.5 12/12/2007 5.5 -- 2.3 -- -- -- 22.0 19,700 2 U -- 52 -- -- -- 31 -- --
TP38-071212-1 12/12/2007 1 -- 3.6 -- -- -- 27.0 17,200 112 -- 33 -- -- -- 87 -- --
TP38-071212-5 12/12/2007 5 -- 2.6 -- -- -- 29.1 23,100 6 -- 51 -- -- -- 37 -- --

TP38-BA-080605-2 6/5/2008 2 -- 3.0 -- -- -- 23.8 18,400 147 -- 36 J -- -- -- 79 J -- --
TP39-071212-1 12/12/2007 1 -- 2.4 -- -- -- 21.1 18,700 13 -- 32 -- -- -- 51 -- --
TP39-071212-5 12/12/2007 5 -- 5.7 -- -- -- 68.2 25,200 5 -- 35 -- -- -- 91 -- --
TP40-071212-.5 12/12/2007 0.5 -- 47 -- -- -- 1,230 269,000 60 -- 100 -- -- -- 70 -- --

UBSS1-071212-.5 12/12/2007 0.5 -- 56 -- -- -- 1,080 243,000 50 -- 90 -- -- -- 60 -- --
TP40-071212-5 12/12/2007 5 -- 3.7 -- -- -- 23.2 19,800 2 U -- 46 -- -- -- 32 -- --

TP40-BA-080605-1 6/5/2008 1 -- 43.6 -- -- -- 876 202,000 110 -- 70 J -- -- -- 90 J -- --
TP40-CS-080605 6/5/2008 surface soil -- 44.0 -- -- -- 1,050 260,000 210 -- 90 J -- -- -- 80 J -- --
TP41-071213-1 12/13/2007 1 -- 3.1 -- -- -- 36.8 18,200 8 -- 24 -- -- -- 47 -- --
TP41-071213-3 12/13/2007 3 -- 2.7 -- -- -- 6.4 9,990 2 U -- 22 -- -- -- 18 -- --

TP41-BA-080605-2 6/5/2008 2 -- 2.5 -- -- -- 32.0 17,400 7 -- 33 J -- -- -- 48 J -- --
TP42-071212-2 12/12/2007 2 -- 2.4 -- -- -- 33.8 21,000 10 -- 29 -- -- -- 60 -- --
TP42-071212-5 12/12/2007 5 -- 2.6 -- -- -- 43.6 20,300 9 -- 27 -- -- -- 56 -- --

TP42-BA-080605-2.5 6/5/2008 2.5 -- 2.0 -- -- -- 38.3 18,200 35 -- 26 J -- -- -- 63 J -- --
TP43-071211-2 12/11/2007 2 -- 2.3 -- -- -- 15.5 15,400 2 U -- 34 -- -- -- 28 -- --

TP43-071211-5.5 12/11/2007 5.5 -- 3.4 -- -- -- 71.8 54,400 6 U -- 20 -- -- -- 21 -- --
TP43-071211-10 12/11/2007 10 -- 6.7 -- -- -- 250 29,200 8 U -- 4 U -- -- -- 9 -- --

Applicable Screening Levels
MTCA Method A2 -- 20 -- -- -- -- -- 250 -- -- -- -- -- -- -- --
MTCA Method B3 32 0.67 160 80 120,000 3,000 24,000 -- 24 1,600 400 400 5.6 1,600 -- --
TEE Plants4 5 18 10 32 42 70 -- 120 0.3 38 0.52 560 1 160 -- --
TEE Wildlife4 -- 386 -- 14 67 1,340 -- 285 5.5 3,870 0.3 -- -- 360 -- --
Background5 -- 7 0.6 1 48 36 58,700 24 0.07 48 -- -- -- 85 -- --
TCLP Values6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- 5 5

Notes:
1Approximate locations of soil samples are shown in Figures 3 and 4. 
2MTCA Method A Soil Cleanup Levels for Unrestricted Land Use (Table 740-1; Chapter 173-340 WAC)
3MTCA Method B Soil Cleanup Levels based on soil direct contact.  WAC 173-340-740 (Equations 740-1 and 740-2)
4Soil screening levels for Protection of Terrestrial Plants and Animals; soil biota not applicable per Terrestrial Ecological Evaluation (see Section 7 for discussion of TEE soil screening levels).
5Natural Background Soil Metals Concentrations in Washington State (Ecology, 1994).  Puget Sound Region values presented.
6Maximum concentration of contaminants for the Toxicity Characteristics Leaching Procedure (40 CFR 261.24).
mg/kg = milligrams per kilogram

mg/L = milligrams per liter

"--" = not analyzed or not applicable

"U" indicates analyte not detected.  The number reported is the method reporting limit.

"J" value estimated by analytical laboratory

TCLP = Toxicity Characteristics Leaching Procedure

bgs = below ground surface

nd = Not detected

Bold and underline indicates value selected as human health and TEE soil screening level.

Shading indicates concentration exceeds at least one screening criteria and background.

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\Draft RI-FS Tables 1-4.xls

TP43

TP42

TP41

TP38

TP40

TP34

TP37

TP39
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GeoEngineers (2007)
TP02 TP02-070625-2 6/25/2007 2 17 16 6.5 U 25 19 66 11 360 11 20 250 310 120 160 230 87 220 17 62 210
TP04 TP04-070627-2 6/27/2007 2 14 21 6.2 U 15 8.6 80 24 160 6.2 U 24 72 140 74 95 87 87 100 16 64 130
TP08 TP08-070621-4 6/21/2007 4 8.4 10 6.5 U 6.5 U 6.5 U 6.5 U 21 27 6.5 U 29 49 19 11 7.8 11 11 27 6.5 U 6.5 U 12

TP11-070621-2 6/21/2007 2 200 U 200 U 650 NJ 200 U 200  U 200 U 200 U 1,600 2,900 200 U 3,600 2,900 710 340 U 1,200 U 1,200 U 2,400 200 U 200 U 410
TP11-070621-4 6/21/2007 4 290 UJ 290 UJ 730 J 290 UJ 290 UJ 290 UJ 290 UJ 610J 2,800J 290 UJ 320 UJ 1,300 J 460 J 290 UJ 290 UJ 290 UJ 1,500 J 290 UJ 290 UJ 264

TP11-070621-6.5 6/21/2007 6.5 63 U 63 U 63 U 63 U 63 U 63 U 63 U 580 63 U 70 U 220 U 1,000 210 63 U 200 U 200 U 880 63 U 63 U 88
TP11-070621-2seep 6/21/2007 2 68 U 68 U 68 U 68 U 68 U 68 U 68 U 140 140 68 U 110 280 68 U 68 U 75 U 75 U 210 68 U 68 U 54

TP24 TP24-070622-2 6/22/2007 2 1,000 3,300 1,600 74 U 240 81 840 1,600 3,400 1,300 2,200 3,700 900 380 NJ 840 U 840 U 2,800 74 U 74 U 590
TP26-070622-6.5 6/22/2007 6.5 60 U 60 U 790 NJ 60 U 180 60 U 120 UY 770 5,100 120 U 420 NJ 1,400 320 120 NJ 210 U 210 U 1,200 60 U 60 U 191
TP26-070622-7 6/22/2007 7 58 U 58 U 2,500 58 U 300 58 U 58 U 910 14,000 220 U 540 U 2,200 400 58 U 340 U 340 U 1,900 58 U 58 U 130

TP27 TP27-070625-5 6/25/2007 5 6.5 U 6.5 U 6.5 U 6.5 U 6.5 U 6.5 6.5 U 18 6.5 U 6.5 U 21 19 11 7.8 7.1 7.1 19 6.5 U 6.5 U 11
TP28 TP28-070625-5 6/25/2007 5 15 U 22 15 U 15 U 16 15 U 28 84 71 15 U 220 96 41 19 19 19 86 15 U 15 U 29
TP29 TP29-070625-7 6/25/2007 7 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 4.8
TP22 TP22-070626-2 6/26/2007 2 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 6.3 U 4.8

DP02-070625-11 6/25/2007 11 51 U 51 U 51 U 51 U 51 U 51 51 U 520 51 U 51 U 200 U 970 290 51 U 130 U 130 U 620 51 U 51 U 64
DP02-070625-13 6/25/2007 13 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 20 U 15

DP03 DP03-070626-11 6/26/2007 11 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 6.4 U 4.8
Applicable Screening Levels

320,000 320,000 4,800,000 -- 24,000,000 -- 160,000 3,200,000 3,200,000 1,600,000 -- 2,400,000 -- -- -- -- -- -- -- 137
-- -- 20,000 -- -- -- -- -- -- -- -- -- -- 12,000 -- -- -- -- -- --

Notes:
1Approximate locations of soil samples are shown in Figures 3 and 4. 
2MTCA Method B Soil Cleanup Levels based on soil direct contact.  WAC 173-340-740 (Equations 740-1 and 740-2)
3Soil screening levels for Protection of Terrestrial Plants and Animals; soil biota not applicable per Terrestrial Ecological Evaluation (see Section 7 for discussion of TEE soil screening levels).
4Total cPAHs (toxic equivalent concentration), calculated using MTCA TEC methodology (WAC 173-340-708[8][e]).  For non-detected cPAHs, one-half the practical quantitation limit was used in the calculation.
mg/kg = milligrams per kilogram
"--" = not analyzed
"U" = Analyte was not detected above the specified method reporting limit.
"J" value estimated by analytical laboratory
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Carcinogenic Polycyclic Aromatic Hydrocarbons
(µg/kg dry)

TABLE 4
SUMMARY OF CHEMICAL ANALYTICAL DATA

POLYCYCLIC AROMATIC HYDROCARBONS IN SOIL
DRAFT RI/FS

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

(µg/kg dry)
Noncarcinogenic Polycyclic Aromatic Hydrocarbons

Location ID1 Sample ID
Collection 

Date
Sample Depth (feet 

bgs)

MTCA Method B2

TEE Plants and Wildlife3

TP11

TP26

DP02

File No. 0504-042-00
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Hart Crowser (1996)2,3

TP11 TP11, W-5 1996 -- -- 0.2 U 0.2 U

TP12 TP12, W-4 1996 -- -- 0.2 U 0.2 U
GeoEngineers (2007, 2009)

DP01 DP01-070626-W 06/26/07 -- 0.25 U 0.50 U 0.50 U

DP07 DP07-070626-W 06/26/07 -- 0.25 U 0.50 U 0.50 U
MW02-070629 06/29/07 Diesel/Motor Oil 1.8 J 1.7 J 3.5 J

MW03-070629 (dup) 06/29/07 -- 0.25 UJ 0.50 UJ 0.50 UJ

MW2-071212 12/12/07 DRO/RRO 0.52 0.54 1.1

MW02-090109 01/09/09 DRO/Motor Oil 0.72 J 0.79 1.5

MW02-090109-DUPE 01/09/09 -- 0.25 UJ 0.50 U 0.50 U

MW03-070628 06/28/07 -- 0.25 U 0.50 U 0.50 U

MW3-071212 12/12/07 -- 0.25 U 0.50 U 0.50 U

MW03-090109 01/09/09 -- 0.25 U 0.50 U 0.50 U

MW04-070628 06/28/07 -- 0.25 U 0.50 U 0.50 U

MW4-071212 12/12/07 -- 0.25 U 0.50 U 0.50 U

MW04-090109 01/09/09 -- 0.25 U 0.50 U 0.50 U

MW05-070628 06/28/07 -- 0.25 U 0.50 U 0.50 U

MW5-071212 12/12/07 -- 0.25 U 0.50 U 0.50 U

MW05-090109 01/09/09 -- 0.25 U 0.50 U 0.50 U

0.5

Notes:
1Approximate locations of groundwater samples and monitoring wells are shown in Figure 4. 

3These samples likely are not representative of groundwater because they were obtained from with test pit explorations and not groundwater monitoring wells.
4Total Petroleum Hydrocarbons equals sum of diesel-range and heavy-oil range concentrations.
HCID = Hydrocarbon identification
MTCA = Model Toxics Control Act
DRO = Diesel Range Organics
RRO = Residual Range Organics
mg/L=milligrams per liter
"U" indicates analyte not detected.  The number reported is the method reporting limit.
"J" value estimated by analytical laboratory
Shading indicates that the analyte was detected at a concentration exceeding the MTCA Method A groundwater cleanup level.
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2It is not clear based on a review of the Hart Crowser report (1996) which test pits (TP-11 or TP-12) samples W-4 and W-5 were collected from.  Table 2 of the Hart Crowser report presents the data as shown in this 
table.  However, our review of the Hart Crowser report leads us to believe that sample W-4 was obtained from TP-11 and W-5 was obtained from TP-12.

MW02

MW03

MW04

MW05

Combined Total Petroleum 
Hydrocarbons4 (mg/L)

Diesel-range Hydrocarbons 
(mg/L)

Heavy Oil-range Hydrocarbons 
(mg/L)

MTCA Method A Cleanup Level

Laboratory Analytical Results

TABLE 5
SUMMARY OF CHEMICAL ANALYTICAL DATA

PETROLEUM IN GROUNDWATER
DRAFT RI/FS

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Location ID1 Sample ID Sample Date HCID
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Sample Arsenic Cadmium Chromium Copper Iron Lead Mercury Nickel Zinc
Date (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

Hart Crowser (1996) - Groundwater From Test Pit2,3

TP11 TP11, W-5 Total 1996 4 5 U 10 U 330 33,000 290 0.2 U 26 870
TP12 TP12, W-4 Total 1996 22 5 U 10 U 10 U 8,800 3 U 0.2 U 27 26

GeoEngineers (2007) - Groundwater; Total Metals
DP01 DP01-070626-W Total 06/26/07 16.4 -- -- 329 32,700 13 -- 40 110
DP07 DP07-070626-W Total 06/26/07 105 -- -- 282 150,000 330 -- 100 140

MW02-070629 Total 06/29/07 1.51 -- -- 7 1,860 J 0.4 -- 9.02 20
MW03-070629 (dup) Total 06/29/07 1.54 -- -- 3 1,070 J 0.4 U -- 8.29 10 U

MW2-071212 Total 12/12/07 1.3 -- -- 4 230 U 1 U -- 37.9 10 U
MW02-090109 Total 01/09/09 2.1 -- -- 12 1430 J 1 U -- 48.2 10 U

MW02-090109-DUPE Total 01/09/09 1.9 -- -- 10 710 J 1 U -- 40.5 10 U
MW03-070628 Total 06/28/07 4 -- -- 10 U 260 J 10 U -- 11 50 U
MW3-071212 Total 12/12/07 2 -- -- 5 100 UJ 10 U -- 12 20 U

MW03-090109 Total 01/09/09 4 -- -- 4 100 U 10 U -- 17 20 U
MW04-070628 Total 06/28/07 0.47 -- -- 2 U 380 J 0.4 U -- 3.28 10 U
MW4-071212 Total 12/12/07 1.1 -- -- 2 U 120 UJ 1 U -- 4.3 10 U

MW04-090109 Total 01/09/09 1.6 -- -- 2 U 170 1 U -- 5.4 10 U
MW05-070628 Total 06/28/07 1.87 -- -- 2 U 230 J 0.4 U -- 3.19 10
MW5-071212 Total 12/12/07 2.9 -- -- 2 U 90 UJ 1 U -- 3.4 10 U

MW05-090109 Total 01/09/09 2.1 -- -- 2 U 50 U 1 U -- 3.9 10 U
GeoEngineers (2007) - Groundwater; Dissolved Metals

MW02-070629 Dissolved 06/29/07 0.96 J -- -- 2 U 270 J 0.2 U -- 6.5 10 U
MW03-070629 (dup) Dissolved 06/29/07 0.91 J -- -- 2 U 260 J 0.2 U -- 6.4 10 U

MW2-071212 Dissolved 12/12/07 1.2 -- -- 2 50 UJ 1 U -- 34.7 10 U
MW02-090109 Dissolved 01/09/09 1.6 -- -- 12 J 120 1 U -- 53.4 10 U

MW02-090109-DUPE Dissolved 01/09/09 1.5 -- -- 7 J 80 1 U -- 39.0 10 U
MW03-070628 Dissolved 06/28/07 2 U -- -- 10 U 250 UJ 10 U -- 10 50 U
MW3-071212 Dissolved 12/12/07 2 U -- -- 10 U 250 UJ 10 U -- 13 50 U

MW03-090109 Dissolved 01/09/09 5 U -- -- 4 100 U 10 U -- 18 20 U
MW04-070628 Dissolved 06/28/07 0.5 J -- -- 2 U 190 J 0.2 U -- 3.6 10 U
MW4-071212 Dissolved 12/12/07 1.2 -- -- 2 U 70 UJ 1 U -- 4.1 10 U

MW04-090109 Dissolved 01/09/09 1.50 -- -- 2 U 50 U 1 U -- 5.2 10 U
MW05-070628 Dissolved 06/28/07 1.8 J -- -- 2 U 50 UJ 0.2 U -- 3.0 10 U
MW5-071212 Dissolved 12/12/07 2.6 -- -- 2 U 50 UJ 1 U -- 3.9 10 U

MW05-090109 Dissolved 01/09/09 2.2 -- -- 2 U 50 U 1 U -- 4.0 10 U
GeoEngineers (2007) - Surface Water; Total Metals

SW01 SW01-070629 Total 06/29/07 1.3 -- -- 2 U 990 J 2.0 -- 5.9 10 U
SW02-070629 Total 06/29/07 1.4 -- -- 3 1,360 J 1.9 -- 5.85 10 U

SW01-070629 (dup) Total 06/29/07 1.25 -- -- 2 720 J 1.8 -- 5.71 10 U
GeoEngineers (2007) - Surface Water; Dissolved Metals

SW01 SW01-070629 Dissolved 06/29/07 0.93 J -- -- 2 U 50 UJ 0.2 U -- 2.9 10 U
SW02-070629 Dissolved 06/29/07 0.92 J -- -- 2 U 50 UJ 0.2 U -- 2.9 10 U

SW01-070629 (dup) Dissolved 06/29/07 0.92 J -- -- 2 U 50 UJ 0.2 U -- 3.0 10 U

TABLE 6

MW02

MW03

MW04

MW05

MW02

MW03

MW05

SW02

SUMMARY OF CHEMICAL ANALYTICAL DATA
METALS IN GROUNDWATER AND SURFACE WATER

MW04

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

SW02

Metals

Location ID1 Sample ID
Total/

Dissolved
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Sample Arsenic Cadmium Chromium Copper Iron Lead Mercury Nickel Zinc
Date (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L) (µg/L)

TABLE 6
SUMMARY OF CHEMICAL ANALYTICAL DATA

METALS IN GROUNDWATER AND SURFACE WATER
DRAFT RI/FS

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Metals

Location ID1 Sample ID
Total/

Dissolved
Applicable Screening Levels (MTCA Method A only applicable to arsenic in groundwater; other screening levels applicable to surface water and groundwater)
MTCA Method A 
(groundwater only)4 -- -- -- 5 -- -- -- -- -- -- -- --

Aquatic Life Marine 
Chronic (dissolved)5 -- -- -- 36 8.8 50 2.4 -- 8.1 0.025 8.2 81

Human Health Marine 
(dissolved)6 -- -- -- 0.14 -- -- -- -- -- 0.15 4,600 26,000

MTCA Method B 
Surface Water (total) 7 -- -- -- 0.098 20 240,000 2,700 -- -- -- 1,100 17,000

Notes:
1Approximate locations of surface water samples and monitoring wells are shown in Figure 4. 

3These samples likely are not representative of groundwater because they were obtained from with test pit explorations and not groundwater monitoring wells.
4MTCA Method A cleanup levels for groundwater (Table 720-1; Chapter 173-340 WAC).  This value is the arsenic background groundwater concentration for the State of Washington.
5Lowest available aquatic life marine chronic criteria from Chapter 173-201A, Clean Water Act Section 304, and National Toxics Rule (40 CFR 131).  Metals criteria applicable to dissolved metals.
6Lowest available human health marine criteria from Clean Water Act Section 304 and National Toxics Rule (40 CFR 131)
7MTCA Method B surface water cleanup level [WAC 173-340-730(3)(b)(iii)]
µg/L = micrograms per liter
"--" = not analyzed or not applicable
"U" indicates analyte not detected.  The number reported is the method reporting limit.
"J" value estimated by analytical laboratory
Shading indicates concentration exceeds at least one screening level.
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2It is not clear based on a review of the Hart Crowser report (1996) which test pits (TP-11 or TP-12) samples W-4 and W-5 were collected from.  Table 2 of the Hart Crowser report presents the data as shown in this table.  However, our review of the Hart 
Crowser report leads us to believe that sample W-4 was obtained from TP-11 and W-5 was obtained from TP-12.
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GeoEngineers (2007)
DP01 DP01-070626-W 06/26/07 0.03 0.05 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.05 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
DP07 DP07-070626-W 06/26/07 0.02 0.03 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.05 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW02-070629 06/29/07 -- 0.10 U 0.68 0.10 U 0.10 U 0.10 U 0.10 U 0.20 3.0 0.11 NJ 0.11 NJ 0.34 J 0.10 U 0.10 U 0.10 U 0.10 U 0.3 J 0.10 U 0.10 U 0.078 J

MW03-070629 (dup) 06/29/07 -- 0.10 U 0.53 0.10 U 0.10 U 0.10 U 0.10 U 0.10 UJ 2.2 0.10 U 0.10 U 0.10 U 0.10 UJ 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U

MW2-071212 12/12/07 0.010 U 0.010 U 0.010 U 0.010 U 0.017 0.010 U 0.010 U 0.014 U 0.010 U 0.011 U 0.010 U 0.059 0.010 U 0.010 U 0.013 0.010 U 0.059 0.010 U 0.010 U 0.0089

MW02-090109 01/09/09 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.048 0.021 0.010 UJ 0.010 U 0.010 U 0.060 0.010 U 0.010 U 0.0097

MW02-090109-DUPE 01/09/09 0.010 U 0.010 U 0.010 U 0.010 U 0.022 0.010 U 0.010 U 0.02 0.011 0.010 U 0.02 0.063 0.028 0.032 J 0.010 U 0.010 U 0.081 0.010 U 0.010 U 0.038 J

MW03-070628 06/28/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.01 0.010 U 0.021 0.010 U 0.010 U 0.015 0.023 0.015 0.012 0.016 0.010 U 0.015 0.010 U 0.010 U 0.017

MW3-071212 12/12/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.013 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW03-090109 01/09/09 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW04-070628 06/28/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW4-071212 12/12/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.012 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW04-090109 01/09/09 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.012 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW05-070628 06/28/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.018 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW5-071212 12/12/07 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.012 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

MW05-090109 01/09/09 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.012 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

Applicable Screening Criteria
Aquatic Life 
Marine Chronic2 -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Human Health 
Marine3 -- -- -- -- 990 -- 40,000 -- -- 140 5,300 -- -- 4,000 0.018 0.018 0.018 0.018 0.018 0.018 0.018 0.018

MTCA Method B 
Surface Water4 -- -- -- -- 640 -- 26,000 -- -- 90 3,500 4,900 -- 2,600 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03

Notes:
1Approximate locations of monitoring wells are shown in Figure 3. 
2Lowest available aquatic life marine chronic criteria from Chapter 173-201A, Clean Water Act Section 304, and National Toxics Rule (40 CFR 131)
3Lowest available human health marine criteria from Clean Water Act Section 304 and National Toxics Rule (40 CFR 131)
4MTCA Method B surface water cleanup level [WAC 173-340-730(3)(b)(iii)]
Shading indicates concentration exceeds at least one screening level.
µg/L = micrograms per liter
"--" = not analyzed or not applicable
"U" indicates analyte not detected.  The number reported is the method reporting limit.
"J" value estimated by analytical laboratory
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TABLE 7
SUMMARY OF CHEMICAL ANALYTICAL DATA

POLYCYCLIC AROMATIC HYDROCARBONS IN GROUNDWATER
DRAFT RI/FS

Noncarcinogenic Polycyclic Aromatic Hydrocarbons Carcinogenic Polycyclic Aromatic Hydrocarbons
µg/L µg/L

MW02

MW03

Location ID1
Sample

Identification
Date

Sampled
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Hart Crowser (1996)
SS-1 SS-1 Mar-07 6 inches -- -- 0.1 U -- -- --
SS-2 SS-2 Mar-07 6 inches -- -- 0.1 U -- -- --

Ecology (2005)
05284010; Location 001 05284010; Location 001 11/3/2005 0.3 to 0.5 feet -- -- SW heavy fuel oil -- 40,600 40,600
05284011; Location 002 05284011; Location 002 11/3/2005 0.25 feet -- -- SW heavy fuel oil -- 550 550
05444013; Location 004 05444013; Location 004 11/3/2005 0.25 feet -- -- SW heavy fuel oil -- 1,000 1,000

Jefferson County (2007)
07034900, Location 1 1/16/2007 6 inches -- -- nd -- -- --
07034901, Location 1 1/16/2007 12 inches -- -- nd -- -- --
07034902, Location 1 1/16/2007 18 inches -- -- nd -- -- --
07034903, Location 2 1/16/2007 6 inches -- -- EW heavy fuel oil -- 88 88
07034904, Location 2 1/16/2007 12 inches -- -- EW heavy fuel oil -- 63 63
07034905, Location 2 1/16/2007 18 inches -- -- EW heavy fuel oil -- 97 97
07034906, Location 3 1/16/2007 6 inches -- -- EW heavy fuel oil -- 240 240
07034907, Location 3 1/16/2007 12 inches -- -- EW heavy fuel oil -- 2,300 2300
07034908, Location 3 1/16/2007 18 inches -- -- EW heavy fuel oil -- 610 610
07034909, Location 4 1/16/2007 6 inches -- -- EW heavy fuel oil -- 170 170
07034910, Location 4 1/16/2007 12 inches -- -- EW heavy fuel oil -- 670 670
07034911, Location 4 1/16/2007 18 inches -- -- EW heavy fuel oil -- 104 104
07034912, Location 5 1/16/2007 6 inches -- -- VW heavy fuel oil -- 110 110
07034913, Location 5 1/16/2007 12 inches -- -- VW heavy fuel oil -- 230 230
07034914, Location 5 1/16/2007 18 inches -- -- VW heavy fuel oil -- 450 450
07034915, Location 6 1/16/2007 6 inches -- -- nd -- -- --
07034916, Location 6 1/16/2007 12 inches -- -- nd -- -- --
07034917, Location 6 1/16/2007 18 inches -- -- nd -- -- --
07034918, Location 7 1/16/2007 6 inches -- -- VW heavy fuel oil -- 180 180
07034919, Location 7 1/16/2007 12 inches -- -- nd -- -- --
07034920, Location 7 1/16/2007 18 inches -- -- VW heavy fuel oil -- 745 745
07034921, Location 8 1/16/2007 6 inches -- -- nd -- -- --
07034922, Location 8 1/16/2007 12 inches -- -- nd -- -- --
07034923, Location 8 1/16/2007 18 inches -- -- nd -- -- --
07034924, Location 9 1/16/2007 6 inches -- -- nd -- -- --
07034925, Location 9 1/16/2007 12 inches -- -- nd -- -- --
07034926, Location 9 1/16/2007 18 inches -- -- nd -- -- --

Location 9

Location 5

Location 6

Location 7

Location 8

Location 1

Location 3

Location 4

Location 2

TABLE 8
SUMMARY OF CHEMICAL ANALYTICAL DATA

PETROLEUM IN INTERTIDAL SEDIMENT

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS REPORT

Location ID1

Sample ID

Sheen HCID
Diesel-range 

Hydrocarbons3 (mg/kg)
Heavy Oil-range 

Hydrocarbons3 (mg/kg)Sample ID
Collection 

Date

Combined Total 
Petroleum 

Hydrocarbons4 (mg/kg)
Headspace Vapors

(ppm)
Sample Depth (feet or 

inches bgs)

Field Screening Results2

File No. 0504-042-00
Table 8 Page 1 of 3



TABLE 8
SUMMARY OF CHEMICAL ANALYTICAL DATA

PETROLEUM IN INTERTIDAL SEDIMENT

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS REPORT

Location ID1

Sample ID

Sheen HCID
Diesel-range 

Hydrocarbons3 (mg/kg)
Heavy Oil-range 

Hydrocarbons3 (mg/kg)Sample ID
Collection 

Date

Combined Total 
Petroleum 

Hydrocarbons4 (mg/kg)
Headspace Vapors

(ppm)
Sample Depth (feet or 

inches bgs)

Field Screening Results2

07034927, Location 10 1/16/2007 6 inches -- -- nd -- -- --
07034928, Location 10 1/16/2007 12 inches -- -- nd -- -- --
07034929, Location 10 1/16/2007 18 inches -- -- nd -- -- --
07034930, Location 11 1/16/2007 6 inches -- -- nd -- -- --
07034931, Location 11 1/16/2007 12 inches -- -- nd -- -- --
07034932, Location 11 1/16/2007 18 inches -- -- VW heavy fuel oil -- 39 39
07034933, Location 12 1/16/2007 6 inches -- -- EW heavy fuel oil -- -- --
07034934, Location 12 1/16/2007 12 inches -- -- EW heavy fuel oil -- -- --
07034935, Location 12 1/16/2007 18 inches -- -- EW heavy fuel oil -- -- --

GeoEngineers (2007)
SED01-070628-0-4 06/28/2007 0-4 inches 0 NS -- 5.3 U 13 13
SED01-070628-4-24 06/28/2007 4-24 inches 0 VSS DRO/Motor Oil 13 34 47
SED02-070628-0-4 06/28/2007 0-4 inches 0 NS Motor Oil 11 45 56
SED02-070628-4-18 06/28/2007 4-18 inches 1 MS DRO/Motor Oil 7,200 8,500 15700
SED03-070629-0-4 06/29/2007 0-4 inches 0 NS DRO/RRO 10 27 37
SED03-070629-4-12 06/29/2007 4-12 inches 0 NS -- --
SED05-070628-0-4 06/28/2007 0-4 inches 0 NS -- 5.5 U 11 U --
SED05-070628-4-24 06/28/2007 4-24 inches 0 NS --

SED05-070628-24-36 06/28/2007 24-36 inches 0 NS --
SED06-070628-0-4 06/28/2007 4-24 inches 0 NS --
SED06-070628-4-24 06/28/2007 24-36 inches 0 NS --

SED06-070628-24-36 06/28/2007 0-4 inches 0 NS RRO 5.4 U 14 14
SED07-070628-0-4 06/28/2007 0-4 inches 0 NS -- 6.1 U 12 U --
SED07-070628-4-24 06/28/2007 4-24 inches 0 NS --
SED09-070629-0-4 06/29/2007 0-4 inches 0 NS DRO/RRO 9.4 21 30.4
SED09-070629-4-24 06/29/2007 4-24 inches 0 NS --
SED11-070628-0-4 06/28/2007 0-4 inches 0 NS -- 5.8 U 12 U --
SED11-070628-4-24 06/28/2007 4-24 inches 0 NS --
SED16-070628-0-4 06/28/2007 0-4 inches 0 NS -- 5.9 U 12 U --
SED16-070628-4-24 06/28/2007 4-24 inches 0 NS --
SED17-070629-0-4 06/29/2007 0-4 inches 0 NS -- 5.8 U 12 U --
SED17-070629-4-24 06/29/2007 4-24 inches 0 NS --
SED18-071210-2.5 12/10/2007 2.5 feet 0 SS --
SED18-071210-5 12/10/2007 5 feet 0 MS DRO/Motor Oil 3,200 2,900 6100

SED18-071210-7.5 12/10/2007 7.5 feet 0 MS DRO/Motor Oil 620 670 1290
SED18-071210-10 12/10/2007 10 feet 0 MS DRO/Motor Oil 450 500 950

SED18-071210-12.5 12/10/2007 12.5 feet 0 NS DRO/Motor Oil 22 35 57
SED20-071210-1.5 12/10/2007 1.5 feet 0 MS DRO/Motor Oil 1,000 1,000 2000
SED20-071210-3.5 12/10/2007 3.5 feet 0 MS DRO/Motor Oil 110 120 230
SED20-071210-5 12/10/2007 5 feet 0 MS DRO/Motor Oil 460 490 950

SED20-071210-6.5 12/10/2007 6.5 feet 0 NS DRO 7.9 12 U 7.9
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SED16

SED11

SED20

Location 10
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TABLE 8
SUMMARY OF CHEMICAL ANALYTICAL DATA

PETROLEUM IN INTERTIDAL SEDIMENT

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS REPORT

Location ID1

Sample ID

Sheen HCID
Diesel-range 

Hydrocarbons3 (mg/kg)
Heavy Oil-range 

Hydrocarbons3 (mg/kg)Sample ID
Collection 

Date

Combined Total 
Petroleum 

Hydrocarbons4 (mg/kg)
Headspace Vapors

(ppm)
Sample Depth (feet or 

inches bgs)

Field Screening Results2

SED21-071210-2.5 12/10/2007 2.5 feet 0 SS DRO/Motor Oil 120 230 350
SED21-071210-5 12/10/2007 5 feet 0 NS DRO 9.7 18 27.7

SED21-071210-7.5 12/10/2007 7.5 feet 0 NS --
SED22-071210-2.5 12/10/2007 2.5 feet 0 NS --
SED22-071210-5 12/10/2007 5 feet 0 NS --

SED22-071210-7.5 12/10/2007 7.5 feet 0 NS --
SED23-071210-2.5 12/10/2007 2.5 feet 0 NS DRO/RRO 6.4 14 20.4
SED23-071210-5 12/10/2007 5 feet 0 NS --

SED23-071210-7.5 12/10/2007 7.5 feet 0 NS --

2,000
136

Notes:
1Approximate locations of sediment samples are shown in Figures 3 and 4.
2Field screening methods are described in Appendix A.  NS=No sheen; SS=slight sheen; MS=moderate sheen; HS=heavy sheen.  Headspace vapors measured with a TLV combustible gas indicator or photoionozation detector (PID).
3Analyzed by Ecology Method NWTPH-Dx
4Combined Total Petroleum Hydrocarbons equals sum of diesel-range and heavy-oil range concentrations.

6This value is a sediment screening level derived from bioassays conducted on intertidal sediments obtained at the Irondale Site (see Appendix D).
MTCA = Model Toxics Control Act
HCID = Hydrocarbon identification
DRO = Diesel Range Organics
RRO = Residual Range Organics
mg/kg=milligrams per kilogram
ppm=parts per million
Shading indicates that the analyte was detected at a concentration exceeding the sediment bioassay screening level of 136 mg/kg.
"U" indicates analyte not detected.  The number reported is the method reporting limit.
"EW" indicates extremely weathered as noted by analytical laboratory.
"VW" indicates very weathered as noted by analytical laboratory.
"SW" indicates severely weathered as noted by analytical laboratory.

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\Draft RI-FS Tables 8,9,14,15.xls

MTCA Method A Soil Cleanup Level5

5MTCA Method A soil cleanup levels for unrestricted land use (Table 740-1;Chapter 173-340WAC).  
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SQS CSL

    Total Solids (%) 91.1 83 89.2 73.2 78.9 87.2 90.5 80.4 85 89.4 92.3 91 81.4 81.7 78.4 -- --
    Total Volatile Solids (%) 4.56 J 1.3 J 3.9 J 8.03 J 2.2 J 1.74 J 0.01 UJ 2.15 J 1.79 J 5.61 J 0.01 UJ 1.97 J -- -- --  --  --
    Total Organic Carbon (%) 0.162 J 0.376 J 0.339 J 10.4 J 0.84 J 0.791 J 0.206 J 0.284 J 1.03 J 0.258 J 0.214 J 0.752 J 6.24 3.21 1.11 -- --
    Ammonia (mg/kg) 0.23 0.12 0.16 0.16 5.17 0.41 0.24 0.16 1.05 1.88 0.18 1.02 -- -- -- -- --
    Total Sulfides (mg/kg) 1,120 J 827 J 1,860 J 2,000 J 2,600 252 J 527 J 47.9 J 87.7 902 J 242 J 1,210 -- -- -- -- --

Gravel 47.4 27.3 25.5 55.8 30.8 32.4 25.4 21.5 23.4 40.1 41.3 25.6 -- -- -- -- --
Sand, Very Coarse 27.2 9.0 21.8 14.8 16.2 17.5 10.7 28.3 9.3 24.7 19.9 26.6 -- -- -- -- --
Sand, Coarse 7.9 15.8 16.9 11.0 5.5 39.3 16.3 32.7 9.7 12.2 22.8 13.8 -- -- -- -- --
Sand, Medium 3.9 32.3 17.3 7.3 8.2 6.1 21.8 9.1 17.6 7.4 5.9 8.2 -- -- -- -- --
Sand, Fine 10.5 13.6 14.2 4.2 27.9 2.7 21.8 6.4 30.8 11.2 8.4 21.8 -- -- -- -- --
Sand Very Fine 0.9 1.4 1.1 0.8 10.4 1.1 3.6 1.1 7.9 2.2 1.7 2.1 -- -- -- -- --
Silt, Coarse 0 0 0 4.2 0 0 0 0 0 0 0 0 -- -- -- -- --
Silt, Medium 0 0 0 0.5 0 0 0 0 0 0 0 0 -- -- -- -- --
Silt, Fine 0 0 0 0.4 0 0 0 0 0 0 0 0 -- -- -- -- --
Silt, Very Fine 0 0 0 0.3 0 0 0 0 0 0 0 0 -- -- -- -- --
Clay, 8-9 Phi 0 0 0 0.2 0 0 0 0 0 0 0 0 -- -- -- -- --
Clay, 9-10 Phi 0 0 0 0.1 0 0 0 0 0 0 0 0 -- -- -- -- --
Clay, >10 Phi 0 0 0 0.5 0 0 0 0 0 0 0 0 -- -- -- -- --

    Arsenic 30 U 5 U 30 U 20 U 10 U 30 U 10 U 6 U 10 U 30 U 10 U 30 U -- -- -- 57 93
    Cadmium 1 U 0.2 U 1 U 0.8 0.6 U 1 U 0.5 U 0.2U 0.6 U 1 U 0.5 U 1 U -- -- -- 5.1 6.7
    Chromium 24 21.6 13 9 15 13 10 18.1 16 12 16 13 -- -- -- 260 270
    Copper 42 54.3 29 91.1 26.8 18.0 8.8 7.2 35.3 40 20.4 24 -- -- -- 390 390
    Iron 23,700 21,800 17,100 14,300 15,700 9,880 9,580 11,300 25,100 13,600 26,100 12,400 -- -- -- -- --
    Lead 10 U 6 10 U 7 U 7 10 U 5 U 2 U 11 10 U 5 U 10 U -- -- -- 450 530
    Mercury 0.04 U 0.05 U 0.05 U 0.06 U 0.06 U 0.04 U 0.04 U 0.05 U 0.04 U 0.05 U 0.04 U 0.04 U -- -- -- 0.41 0.59
    Silver 2 U 0.3 U 2 U 1 U 0.9U 2U 0.8 U 0.4 U 0.9 U 2 U 0.8 U 2 U -- -- -- 6.1 6.1
    Zinc 43 79 32 160 44 16 16 21 57 8 22 22 -- -- -- 410 960

    Acenaphthylene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 66 66
    Acenaphthene 37.65 U6 16.49 U6 <18.296 4.33 U 7.38 U 7.71 U 30.1 U6 21.5 U6 6.02 U <23.646 <28.976 8.11 U 1.92 U 2.52 U 1.80 U 16 57
    Anthracene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 220 1,200
    Fluorene 37.65 U6 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U6 21.5 U 6.02 U <23.646 <28.976 8.11 U 1.92 U 2.52 U 1.80 U 23 79
    Naphthalene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 99 170
    Phenanthrene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 12.64 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 2.16 100 480
    1-Methylnaphthalene -- -- -- -- -- -- -- -- -- -- -- -- 1.92 U 2.52 U 1.80 U
    2-Methylnaphthalene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 38 64
    Total LPAH3 ND ND ND ND ND 12.64 ND ND ND ND ND ND ND ND 2.16 370 780

    Benzo(a)anthracene 37.65 U 16.49 U 18.29 U 6.83 7.38 U 8.47 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 4.97 2.52 U 1.80 U 110 270
    Benzo(a)pyrene 37.65 U 16.49 U 18.29 U 17.31(7) 7.38 U 5.69 J 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 99 210
    Benzo(b)fluoranthene 37.65 U 16.49 U 18.29 U 4.62 7.38 U 5.82 J 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U -- --
    Benzo(k)fluoranthene 37.65 U 16.49 U 18.29 U 4.62 7.38 U 4.93 J 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 2.08 2.52 U 1.80 U -- --
    Total Benzofluoranthenes4 ND ND ND 9.24 ND 10.75 J ND ND ND ND ND ND 2.08 ND ND 230 450
    Benzo(g,h,i)perylene 37.65 U6 16.49 U 18.29 U 2.69 J 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 31 78
    Chrysene 37.65 U 16.49 U 18.29 U 31.73(7) 7.38 U 8.98 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 12.8 6.23 1.80 U 110 460
    Dibenzo(a,h)anthracene 3.77 U 1.65 U 1.83 U 1.35 U 0.738 U 0.771 U 3.01 U 2.15 U 0.602 U 2.364 U 2.897 U 0.811 U 1.92 U 2.49 U 0.559 U 12 33
    Fluoranthene 37.65 U 16.49 U 18.29 U 3.65 J 4.76 J 18.96 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 4.49 2.52 U 3.24 160 1,200
    Indeno(1,2,3-cd)pyrene 37.65 U6 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 34 88
    Pyrene 37.65 U 16.49 U 18.29 U 22.12 4.05 J 16.43 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 12.3 8.10 3.6 1,000 1,400
   Total HPAHs5 ND ND ND 102.21 8.81 66.63 ND ND ND ND ND ND 38.8 14.3 6.84 960 5,300
Chlorinated Hydrocarbons (mg/kg OC)
    Hexachlorobenzene 3.77 U6 1.65 U6 1.83 U6 1.35 U 0.738 U6 0.771 U6 3.01 U6 2.15 U6 0.602 U6 2.364 U6 2.897 U6 0.811 U6 1.92 U6 2.49 U6 0.559 U6 0.38 2.3
    Hexachlorobutadiene 3.77 U 1.65 U 1.83 U 1.35 U 0.738 U 0.771 U 3.01 U 2.15 U 0.602 U 2.364 U 2.897 U 0.811 U 1.92 U 2.49 U 0.559 U 3.9 6.2
    1,2-Dichlorobenzene 3.77 U6 1.65 U 1.83 U 1.35 U 0.738 U 0.771 U 3.01 U6 2.15 U 0.602 U 2.364 U6 2.897 U6 0.811 U 1.92 U 2.49 U6 0.559 U 2.3 2.3
    1,3-Dichlorobenzene 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U -- --
    1,4-Dichlorobenzene 3.77 U6 1.65 U 1.83 U 1.35 U 0.738 U 0.771 U 3.01 U 2.15 U 0.602 U 2.364 U 2.897 U 0.811 U 1.92 U 2.49 U 0.559 U 3.1 9
    1,2,4-Trichlorobenzene 3.77 U6 1.65 U6 1.83 U6 1.35 U 0.738 U 0.771 U 3.01 U6 2.15 U6 0.602 U 2.364 U6 2.897 U6 0.811 U 1.92 U6 2.49 U6 0.559 U 0.81 1.8
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TABLE 9a
SUMMARY OF CHEMICAL ANALYTICAL DATA - SMS ANALYTES IN INTERTIDAL SEDIMENT (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS)2

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS
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SQS CSL
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TABLE 9a
SUMMARY OF CHEMICAL ANALYTICAL DATA - SMS ANALYTES IN INTERTIDAL SEDIMENT (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS)2

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS
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0701210-

5
SED07-070628-

0-4
SED11-070628-

0-4
Phthalates (mg/kg OC)
    Diethyl phthalate 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 3.69 61 110
    Dimethyl phthalate 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 53 53
    Di-n-butyl phthalate 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 220 1700
    Di-n-octyl phthalate 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 1.80 U 58 4500
    Bis (2-ethylhexyl) phthalate 37.65 U 16.49 U 18.29 U 4.33 U 7.38 U 7.71 U 30.1 U 21.5 U 6.02 U 23.64 U 28.97 U 8.11 U 1.92 U 2.52 U 2.25 47 78
    Butyl benzyl phthalate 3.77 U 1.65 U 1.83 U 1.35 U 0.738 U 0.771 U 3.01 U 2.15 U 0.602 U 2.364 U 2.897 U 0.811 U 1.92 U 2.52 U 1.44 U 4.9 64
Phenols & Misc.  (µg/kg dry weight) 
    Pentachlorophenol 30 U 31 U 31 U 680 U 31 U 30 U 31 U 30 U 31 U 31 U 31 U 31 U 610 U 400 U 31 U 360 690
    Phenol 61 U 62 U 62 U 450 U 32 U 61 U 62 U 61 U 62 U 61 U 61 61 U 120 U 81 U 20 U 420 1,200
    2 Methylphenol 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 63 63
    4 Methylphenol 61 U 62 U <62 450 U 32 U 61 U 62 U 61 U 62 U 61 U 300 61 U 120 U 81 U 20 U 670 670
    2,4-Dimethylphenol 6.1 UJ 6.2 UJ 6.2 UJ 140 UJ 6.2 UJ 6.1 UJ 6.2 UJ 6.1 UJ 6.2 UJ 6.1 UJ 6.2 UJ 6.1 UJ 140 88 6.2 29 29
Miscellaneous Compounds (µg/kg dry weight)
    Benzoic acid (dry weight) 610 U 620 U 320 U 4,500 U 620 U 610 U 620 U 610 U 620 U 610 U 620 U 610 U 1,200 U 810 U 200 U 650 650
    Benzyl alcohol (dry weight) 30 UJ 31 UJ 31 UJ 450 U 31 UJ 30 UJ 31 UJ 30 UJ 31 UJ 31 UJ 31 UJ 31 UJ 120 U 81 U 20 U 57 73
    Dibenzofuran (TOC normalized) 37.65 U6 16.49 U6 18.29 U6 4.3 U 7.38 U 7.71 U 30.1 U6 21.5 U6 6.02 U 23.64 U6 28.97 U6 8.11 U 1.92 U 2.52 U 1.80 U 15 58
    N-Nitrosodiohenylamine (TOC normalized) 3.77 U 1.65 U 1.83 U 4.33 U 0.738 U 0.771 U 3.01 U 2.15 U 0.602 U 2.364 U 2.897 U 0.811 U 1.92 U 2.49 U 0.559 U 11 11

Notes:

         5Total HPAHs = The sum of Benzo(a)anthracene, Benzo(a) pyrene, Total Benzofluoranthenes, Benzo(g,h,i)perylene, Chrysene, Dibenzo(a,h)anthracene, Fluoranthene, Indeno(1,2,3-c,d)pyrene and pyren
         6 Elevated non-detections are due to normalization by total organic carbon content.  The dry weight values were less than the Puget Sound Estuary Program dry weight apparent effects thresholds (see Table 9b

Shading indicates that the detected concentration exceeds the SMS SQS (see Note 7 for SED02-070628-4-18 benzo(a)pyrene and chrysene exceedances). "UJ" = The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation limit is approximate.
Bold indicates elevated non-detections that are greater than the applicable Puget Sound apparent effects thresholds "U" = indicates analyte not detected.  The number reported is the method reporting limit
< = Chemical not detected above reported level. ND = not detected -- = Not available or not applicable. "J" = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
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3Total LPAHs = The sum of Acenaphthalene, Acenaphthene, Anthracene, Fluorene, Napthalene and Phenanthrene.

7 Dry weight chemical concentrations (for organic carbon-normalized chemicals) were also compared against 1988 Puget Sound Estuary Program dry weight apparent effects thresholds to evaluate effectes of total organic carbon levels in these samples (i.e., less than 0.5 percent or greater than 3.5 percent; see Table 9b and Section 6.3.2.1 for detai

4Total benzofluoranthenes = The sum of the "b" and "k" isomers.

1  Approximate locations of sediment samples are shown in Figure 4.
2  SMS = Sediment Management Standards Criteria; SQS = Sediment Quality Standards; CSL = Cleanup Screening Level.
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LAET 2LAET

    Total Solids (%) 91.1 83 89.2 73.2 78.9 87.2 90.5 80.4 85 89.4 92.3 91 81.4 81.7 78.4 -- --
    Total Volatile Solids (%) 4.56 J 1.3 J 3.9 J 8.03 J 2.2 J 1.74 J 0.01 UJ 2.15 J 1.79 J 5.61 J 0.01 UJ 1.97 J -- -- --  --  --
    Total Organic Carbon (%) 0.162 J 0.376 J 0.339 J 10.4 J(7) 0.84 J 0.791 J 0.206 J 0.284 J 1.03 J 0.258 J 0.214 J 0.752 J 6.24(7) 3.21(7) 1.11 -- --
    Ammonia (mg/kg) 0.23 0.12 0.16 0.16 5.17 0.41 0.24 0.16 1.05 1.88 0.18 1.02 -- -- -- -- --
    Total Sulfides (mg/kg) 1,120 J 827 J 1,860 J 2,000 J 2,600 252 J 527 J 47.9 J 87.7 902 J 242 J 1,210 -- -- -- -- --
LPAHs (ug/kg dry weight)
    Acenaphthylene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 1,300 1,300
    Acenaphthene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 500 730
    Anthracene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 960 4,400
    Fluorene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 540 1,000
    Naphthalene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 2,100 2,400
    Phenanthrene 61 U 62 U 62 U 450 U 62 U 100 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 24 1,500 5,400
    1-Methylnaphthalene -- -- -- -- -- -- -- -- -- -- -- -- 120 U 81 U 20 U -- --
    2-Methylnaphthalene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 670 1,400
    Total LPAH5 ND ND ND ND ND 100 ND ND ND ND ND ND ND ND 24 5,200 13,000
HPAHs (ug/kg dry weight)
    Benzo(a)anthracene 61 U 62 U 62 U 710 62 U 67 62 U 61 U 62 U 61 U 62 U 61 U 310 81 U 20 U 1,300 1,600
    Benzo(a)pyrene 61 U 62 U 62 U 1,800 62 U 45 J 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 1,600 3,000
    Benzo(b)fluoranthene 61 U 62 U 62 U 480 62 U 46 J 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U -- --
    Benzo(k)fluoranthene 61 U 62 U 62 U 480 62 U 39 J 62 U 61 U 62 U 61 U 62 U 61 U 130 81 U 20 U -- --
    Total Benzofluoranthenes6 ND ND ND 960 ND 85 J ND ND ND ND ND ND 130 ND ND 3,200 3,600
    Benzo(g,h,i)perylene 61 U 62 U 62 U 280 J 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 670 720
    Chrysene 61 U 62 U 62 U 3,300 62 U 71 62 U 61 U 62 U 61 U 62 U 61 U 800 200 20 U 1,400 2,800
    Dibenzo(a,h)anthracene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 230 540
    Fluoranthene 61 U 62 U 62 U 380 J 40 J 150 62 U 61 U 62 U 61 U 62 U 61 U 280 81 U 36 1,700 2,500
    Indeno(1,2,3-cd)pyrene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 600 690
    Pyrene 61 U 62 U 62 U 2,300 34 J 130 62 U 61 U 62 U 61 U 62 U 61 U 770 260 40 2,600 3,300
   Total HPAHs7 ND ND ND 9,730 74 548 ND ND ND ND ND ND 2,290 460 76 12,000 17,000
Chlorinated Hydrocarbons (ug/kg dry weight)
    Hexachlorobenzene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 22 70
    Hexachlorobutadiene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 11 120
    1,2-Dichlorobenzene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 35 50
    1,3-Dichlorobenzene 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U -- --
    1,4-Dichlorobenzene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 110 120
    1,2,4-Trichlorobenzene 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 31 51
Phthalates (ug/kg dry weight)
    Diethyl phthalate 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 41 U 200 1,200
    Dimethyl phthalate 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 71 160
    Di-n-butyl phthalate 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 1,400 5,100
    Di-n-octyl phthalate 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 6,200 --
    Bis (2-ethylhexyl) phthalate 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 25 1,300 1,900
    Butyl benzyl phthalate 6.1 U 6.2 U 6.2 U 140 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 81 U 16 U 63 900
Miscellaneous Compounds (µg/kg dry weight)
    Dibenzofuran 61 U 62 U 62 U 450 U 62 U 61 U 62 U 61 U 62 U 61 U 62 U 61 U 120 U 81 U 20 U 540 700
    N-Nitrosodiohenylamine 6.1 U 6.2 U 6.2 U 450 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 6.2 U 6.1 U 120 U 80 U 6.2 U 28 40
Notes:

         5Total HPAHs = The sum of Benzo(a)anthracene, Benzo(a) pyrene, Total Benzofluoranthenes, Benzo(g,h,i)perylene, Chrysene, Dibenzo(a,h)anthracene, Fluoranthene, Indeno(1,2,3-c,d)pyrene and pyrene.
Shading indicates that the detected concentration exceeds the SMS SQS (see Note 7 for SED02-070628-4-18 benzo(a)pyrene and chrysene exceedances). "UJ" = The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation limit is approximate.
Bold indicates elevated non-detections that are greater than the applicable Puget Sound apparent effects thresholds. "U" = indicates analyte not detected.  The number reported is the method reporting limit.
< = Chemical not detected above reported level. ND = not detected -- = Not available or not applicable. "J" = The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
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TABLE 9b
SUMMARY OF CHEMICAL ANALYTICAL DATA - SMS ANALYTES IN INTERTIDAL SEDIMENT (VALUES PRESENTED AS DRY WEIGHT  FOR CHEMICALS WITH ORGANIC CARBON NORMALIZED DATA IN TABLE 9A) 2

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

1  Approximate locations of sediment samples are shown in Figure 4.
2  PSEP = Puget Sound Estuary Program; LAET = LowestM Apparent Effects Threshold; 2LAET = Second Lowest Apparent Effects Threshold (PSEP, 1988).
3Total LPAHs = The sum of Acenaphthalene, Acenaphthene, Anthracene, Fluorene, Napthalene and Phenanthrene.
4Total benzofluoranthenes = The sum of the "b" and "k" isomers.

Chemical
SED17-070628-

0-4
SED01-070628-

0-4
SED01-070628-

4-24
SED02-070628-

0-4
SED02-070628-

4-18
SED03-070628-

0-4
SED05-070628-

0-4
SED18-0701210-

5
SED20-0701210-

1.5
SED21-0701210-

5

1988 PSEP2

Conventionals

SED06-070628-
0-4

SED07-070628-
0-4

SED09-070628-
0-4

SED11-070628-
0-4

SED16-070628-
0-4
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Station Number WA SMS WA SMS
Collection Date SQS CSL

Metals in mg/kg dw
Arsenic 57 93 7 U 7 U 7 6 U 7 U 7 U 6 U 8 U 7 U 7 U 7 U
Cadmium 5.1 6.7 0.3 U 1.2 1.2 0.4 0.8 0.4 0.7 0.5 1 0.3 U 0.3
Chromium 260 270 18.5 J 16 J 14.7 J 17.6 J 15.1 J 8.4 J 10.6 J 16.9 J 9.6 J 11.8 J 22.1 J
Copper 390 390 28.5 8.9 10.7 25.5 10.5 4.9 4.4 13.9 9.2 11 10.6
Lead 450 530 8 3 3 U 4 3 U 3 U 3 U 5 3 U 3 U 4
Mercury 0.41 0.59 0.06 U 0.05 U 0.05 U 0.05 U 0.07 U 0.07 U 0.05 U 0.07 U 0.08 U 0.06 U 0.07 U
Silver 6.1 6.1 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 0.4 U 3 U 0.4 U 0.4 U 0.04 U
Zinc 410 960 68 J 30 J 29 J 35 J 28 J 16 J 18 J 36 J 19 J 21 J 39 J

Naphthalene 99 170 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 2 J 1.8 UJ 1.7 U 2.7 U
Acenaphthylene 66 66 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 J 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Acenaphthene 16 57 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Fluorene 23 79 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 1.5 J 1.8 UJ 1.7 U 2.7 U
Phenanthrene 100 480 4.9 U 1.3 UJ 4.8 J 26.6 J 8.6 J 1.9 UJ 5.3 U 11.2 J 1.8 J 1.7 U 2.7 U
Anthracene 220 1,200 4.9 U 1.3 UJ 1.7 UJ 6.7 J 2.3 J 1.9 UJ 5.3 U 2.5 J 1.8 UJ 1.7 U 2.7 U
2-Methylnaphthalene 38 64 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Total LPAH 370 780 4.9 U 1.3 UJ 4.8 J 33.3 J 12.1 J 1.9 UJ 5.3 U 17.1 J 1.8 J 1.7 U 2.7 U

Fluoranthene 160 1,200 4.9 U 2.2 J 7.4 J 40.8 J 14.7 J 1.9 UJ 9.5 23.7 J 3.7 J 1.7 U 2.7 U
Pyrene 1,000 1,400 4.9 U 2.2 J 8.5 J 40.8 J 15.3 J 1.9 UJ 9.8 22.8 J 4.2 J 1.7 U 2.7 U
Benzo(a)anthracene 110 270 4.9 U 1.3 UJ 3.3 J 15.6 J 5.8 J 1.9 UJ 5.3 U 10.7 J 1.8 UJ 1.7 U 2.7 U
Chrysene 110 460 4.9 U 1.5 J 4.2 J 16 J 6.7 J 1.9 UJ 5.3 U 11.2 J 1.9 J 1.7 U 2.7 U
Benzofluoranthenes 230 450 4.9 U 1.3 UJ 5.2 J 23.9 J 11.9 J 1.9 UJ 5.3 U 20 J 2.1 J 1.7 U 2.7 U
Benzo(a)pyrene 99 210 4.9 U 1.3 UJ 3.5 J 16.3 J 6.1 J 1.9 UJ 5.3 U 11.6 J 1.9 J 1.7 U 2.7 U
Indeno(1,2,3-cd)pyrene 34 88 4.9 U 1.3 UJ 1.7 UJ 6.2 J 1.7 J 1.9 UJ 5.3 U 3.3 J 1.8 UJ 1.7 U 2.7 U
Dibenz(a,h)anthracene 12 33 4.9 U 1.3 UJ 1 J 1.6 J 0.9 J 0.6 UJ 1.6 U 0.3 J 0.5 UJ 0.5 U 2.7 U
Benzo(g,h,i)perylene 31 78 4.9 U 1.3 UJ 1.7 UJ 6.4 J 1.5 J 1.9 UJ 5.3 U 3.3 J 1.8 UJ 1.7 U 2.7 U
Total HPAH 960 5,300 4.9 U 5.9 J 33.1 J 167.6 J 64.6 J 1.9 UJ 19.3 106.9 J 13.7 J 1.7 U 2.7 U

1,3-Dichlorobenzene __ __ 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
1,4-Dichlorobenzene 3.1 9 1.6 U 0.4 UJ 0.5 UJ 1.1 UJ 0.4 UJ 0.6 UJ 1.6 U 0.3 UJ 0.5 UJ 0.5 U 0.8 U
1,2-Dichlorobenzene 2.3 2.3 1.6 U 0.4 UJ 0.5 UJ 1.1 UJ 0.4 UJ 0.6 UJ 1.6 U 0.3 UJ 0.5 UJ 0.5 U 0.8 U
1,2,4-Trichlorobenzene 0.81 1.8 1.6 U 0.41 UJ 0.53 UJ 1.08 UJ 0.37 UJ 0.58 UJ 1.61 U 0.28 UJ 0.54 UJ 0.52 U 0.84 U
Hexachlorobenzene 0.38 2.3 1.6 U 0.41 UJ 0.53 UJ 1.08 UJ 0.37 UJ 0.58 UJ 1.61 U 0.28 UJ 0.54 UJ 0.52 U 0.84 U

Dimethylphthalate 53 53 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Diethylphthalate 61 110 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 J 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Di-n-Butylphthalate 220 1,700 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.5 J 1.9 UJ 9 1.2 J 6.8 J 6.4 9
Butylbenzylphthalate 4.9 64 1.6 U 0.4 UJ 0.5 UJ 1.1 UJ 0.4 UJ 0.6 UJ 1.6 U 0.3 UJ 0.5 UJ 0.5 U 0.8 U
bis(2-Ethylhexyl)phthalate 47 78 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 5.3 J 1.9 J 7.9 3.1 J 1.8 UJ 1.7 2.7 U
Di-n-Octylphthalate 58 4,500 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U

Phenol 420 1,200 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 97 J 20 UJ 32 27
2-Methylphenol 63 63 6.1 U 6.2 UJ 6.2 UJ 6.1 UJ 6.1 UJ 6.1 UJ 6.1 U 6 UJ 6.1 UJ 6.1 U 6.2 U
4-Methylphenol 670 670 19 U 28 J 20 UJ 20 UJ 52 J 20 UJ 20 U 69 J 20 UJ 20 U 20 U
2,4-Dimethylphenol 29 29 6.1 U 6.2 UJ 6.2 UJ 6.1 UJ 6.1 UJ 6.1 UJ 6.1 U 6 UJ 6.1 UJ 6.1 U 6.2 U
Pentachlorophenol 360 690 30 U 31 UJ 31 UJ 30 UJ 30 UJ 30 UJ 31 U 30 UJ 30 UJ 30 U 31 U
Benzyl Alcohol 57 73 19 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Benzoic Acid 650 650 190 U 200 UJ 200 UJ 200 UJ 200 UJ 200 UJ 200 U 190 UJ 200 UJ 200 U 200 U

Q

HPAH in mg/kg TOC

Chlorinated Aromatics in mg/kg TOC

Q Q

ID-56-SD
(SED56)

11/30/2007Q Q Q QQ

ID-53-SD
(SED53)

11/30/2007

ID-54-SD
(SED54)

11/30/2007

ID-55-SD
(SED55)

12/7/2007

TABLE 10a
SMS CHEMISTRY FOR SUBTIDAL SURFACE (0–10 CM) SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS)1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Q Q Q

ID-57-SD
(SED57)

11/30/2007

ID-58-SD
SED58)

12/7/2007

ID-59-SD
(SED59)

12/7/2007

Phthalate Esters in mg/kg TOC

Ionizable Organic Compounds in µg/kg dw

LPAH in mg/kg TOC

ID-04-SD
(SED4)

12/7/2007

ID-50-SD
(SED50)

11/30/2007

ID-51-SD
(SED51)

11/30/2007

ID-52-SD
(SED52)

11/30/2007
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Station Number WA SMS WA SMS
Collection Date SQS CSL QQ Q

ID-56-SD
(SED56)

11/30/2007Q Q Q QQ

ID-53-SD
(SED53)

11/30/2007

ID-54-SD
(SED54)

11/30/2007

ID-55-SD
(SED55)

12/7/2007

TABLE 10a
SMS CHEMISTRY FOR SUBTIDAL SURFACE (0–10 CM) SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS)1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Q Q Q

ID-57-SD
(SED57)

11/30/2007

ID-58-SD
SED58)

12/7/2007

ID-59-SD
(SED59)

12/7/2007

ID-04-SD
(SED4)

12/7/2007

ID-50-SD
(SED50)

11/30/2007

ID-51-SD
(SED51)

11/30/2007

ID-52-SD
(SED52)

11/30/2007

Dibenzofuran 15 58 4.9 U 1.3 UJ 1.7 UJ 3.5 UJ 1.2 UJ 1.9 UJ 5.3 U 0.9 UJ 1.8 UJ 1.7 U 2.7 U
Hexachlorobutadiene 3.9 6.2 1.6 U 0.4 UJ 0.5 UJ 1.1 UJ 0.4 UJ 0.6 UJ 1.6 U 0.3 UJ 0.5 UJ 0.5 U 0.8 U
N-Nitrosodiphenylamine 11 11 1.6 U 0.4 UJ 0.5 UJ 1.1 UJ 0.4 UJ 0.6 UJ 1.6 U 0.3 UJ 0.5 UJ 0.5 U 0.8 U
Diesel Range Hydrocarbons __ __ 64.4 U 16.6 UJ 21.2 UJ 44.3 UJ 15.3 UJ 23.6 UJ 66 U 11.6 UJ 22.1 UJ 21.2 U 34 U
Motor Oil __ __ 128.9 U 33.1 UJ 42.4 UJ 88.7 UJ 30.7 UJ 47.2 UJ 131.9 U 23.3 UJ 44.2 UJ 42.4 U 67.9 U

Aroclor-1016 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1242 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1248 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1254 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1260 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1221 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Aroclor-1232 __ __ 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U
Total PCBs 12 65 4.9 U 1.3 UJ 1.6 UJ 3.4 UJ 1.2 UJ 1.9 UJ 5 U 0.9 UJ 1.8 UJ 1.6 U 2.7 U

Notes:
1Data table from SAIC Draft Data Report dated April 21, 2008 (See Table 2, Appendix C).
dw = dry weight
Q = Data qualification  
J - The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
U - The compound was analyzed for, but was not detected above, the reported sample quantitation limit.
UJ - The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation limit is approximate. 
LPAH = low molecular weight polycyclic aromatic hydrocarbons 
HPAH = high molecular weight polycyclic aromatic hydrocarbons 
Shading indicates that sample exceeds SMS SQL criteria
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Station Number
Collection Date LAET 2LAET

Naphthalene 2,100 2,400 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 42 J 20 UJ 20 U 20 U
Acenaphthylene 1,300 1,300 19 U 20 UJ 20 UJ 20 UJ 20 J 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Acenaphthene 500 730 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Fluorene 540 1,000 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 32 J 20 UJ 20 U 20 U
Phenanthrene 1,500 5,400 19 U 20 UJ 57 J 150 J 140 J 20 UJ 20 U 240 J 20 J 20 U 20 U
Anthracene 960 4,400 19 U 20 UJ 20 UJ 38 J 38 J 20 UJ 20 U 53 J 20 UJ 20 U 20 U
2-Methylnaphthalene 670 1,400 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Total LPAH 5,200 13,000 19 U 20 UJ 57 J 188 J 198 J 20 UJ 20 U 367 J 20 J 20 U 20 U

Fluoranthene 1,700 2,500 19 U 33 J 87 J 230 J 240 J 20 UJ 36 0 510 J 42 J 20 U 20 U
Pyrene 2,600 3,300 19 U 33 J 100 J 230 J 250 J 20 UJ 37 0 490 J 47 J 20 U 20 U
Benzo(a)anthracene 1,300 1,600 19 U 20 UJ 39 J 88 J 94 J 20 UJ 20 U 230 J 20 UJ 20 U 20 U
Chrysene 1,400 2,800 19 U 23 J 50 J 90 J 110 J 20 UJ 20 U 240 J 21 J 20 U 20 U
Benzofluoranthenes 3,200 3,600 19 U 20 UJ 61 J 135 J 194 J 20 UJ 20 U 430 J 24 J 20 U 20 U
Benzo(a)pyrene 1,600 3,000 19 U 20 UJ 41 J 92 J 100 J 20 UJ 20 U 250 J 21 J 20 U 20 U
Indeno(1,2,3-cd)pyrene 600 690 19 U 20 UJ 20 UJ 35 J 27 J 20 UJ 20 U 72 J 20 UJ 20 U 20 U
Dibenz(a,h)anthracene 230 540 19 U 20 UJ 12 J 9 J 14 J 6 UJ 6 U 7 J 6 UJ 6 U 20 U
Benzo(g,h,i)perylene 670 720 19 U 20 UJ 20 UJ 36 J 24 J 20 UJ 20 U 70 J 20 UJ 20 U 20 U
Total HPAH 12,000 17,000 19 U 89 J 390 J 945 J 1053 J 20 UJ 73 0 2299 J 155 J 20 U 20 U

1,3-Dichlorobenzene __ __ 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
1,4-Dichlorobenzene 110 120 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
1,2-Dichlorobenzene 35 50 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
1,2,4-Trichlorobenzene 31 51 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
Hexachlorobenzene 22 70 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U

Dimethylphthalate 71 160 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Diethylphthalate 200 1,200 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 J 20 U 19 UJ 20 UJ 20 U 20 U
Di-n-Butylphthalate 1,400 5,100 19 U 20 UJ 20 UJ 20 UJ 24 J 20 UJ 34 0 26 J 77 J 75 0 66 0
Butylbenzylphthalate 63 900 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
bis(2-Ethylhexyl)phthalate 1,300 1,900 19 U 20 UJ 20 UJ 20 UJ 87 J 20 J 30 0 67 J 20 UJ 20 0 20 U
Di-n-Octylphthalate 6,200 -- 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U

Dibenzofuran 540 700 19 U 20 UJ 20 UJ 20 UJ 20 UJ 20 UJ 20 U 19 UJ 20 UJ 20 U 20 U
Hexachlorobutadiene 11 120 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
N-Nitrosodiphenylamine 28 40 6 U 6 UJ 6 UJ 6 UJ 6 UJ 6 UJ 6 U 6 UJ 6 UJ 6 U 6 U
Diesel Range Hydrocarbons __ __ 250 U 250 UJ 250 UJ 250 UJ 250 UJ 250 UJ 250 U 250 UJ 250 UJ 250 U 250 U
Motor Oil __ __ 500 U 500 UJ 500 UJ 500 UJ 500 UJ 500 UJ 500 U 500 UJ 500 UJ 500 U 500 U

Aroclor-1016 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1242 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1248 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1254 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1260 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1221 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Aroclor-1232 __ __ 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U
Total PCBs 130 1,000 19 U 19 UJ 19 UJ 19 UJ 20 UJ 20 UJ 19 U 19 UJ 20 UJ 19 U 20 U

Notes:
1Table 10a edited to include dry weight data for organic carbon normalized chemicals; data for Table 10b received by GeoEngineers from SAIC on August 5, 2009.  Table 10a from SAIC Draft Data Report dated April 14, 2009 (see Table 2, Appendix C)

DW = dry weight; LAET = lowest apparent effects threshold (PSEP, 1988); 2LAET = second lowest apparent effects threshold
Q = Data qualification  
J - The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
U - The compound was analyzed for, but was not detected above, the reported sample quantitation limit.
UJ - The analyte was not detected above the reported sample quantitation limit.  However, the reported quantitation limit is approximate. 
LPAH = low molecular weight polycyclic aromatic hydrocarbons 
HPAH = high molecular weight polycyclic aromatic hydrocarbons 
Shading indicates that sample exceeds SMS SQL criteria
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Miscellaneous Extractables in mg/kg DW

TABLE 10b
SMS CHEMISTRY FOR SUBTIDAL SURFACE (0–10 CM) SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT  FOR CHEMICALS WITH ORGANIC CARBON NORMALIZED DATA IN TABLE 10A) 1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

LPAH in mg/kg DW

1988 PSEP
QQ QQ Q

Phthalate Esters in mg/kg DW

ID-54-SD
(SED54)

11/30/2007

ID-55-SD
(SED55)

12/7/2007

ID-56-SD
(SED56)

11/30/2007Q Q

PCBs in mg/kg DW

Q Q Q Q

ID-57-SD
(SED57)

11/30/2007

ID-58-SD
SED58)

12/7/2007

ID-59-SD
(SED59)

12/7/2007

HPAH in mg/kg DW

Chlorinated Aromatics in mg/kg DW

ID-04-SD
(SED4)

12/7/2007

ID-50-SD
(SED50)

11/30/2007

ID-51-SD
(SED51)

11/30/2007

ID-52-SD
(SED52)

11/30/2007

ID-53-SD
(SED53)

11/30/2007
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TOC (% dw) 0.388 J 1.51 J 1.18 J 0.564 J 1.63 J 1.06 J 0.379 J 2.15 J 1.13 J 1.18 J 0.736 J
TVS (% dw) 1.31 2.32 J 2.34 J 1.66 J 2.93 1.37 J 1.42 3.27 J 2.28 J 1.34 2.36
Total Solids

(% ww)
Ammonia

(mg-N/kg dw)
Total Sulfides 

(mg/kg dw)

9.5       (gravel) 0.1 0.1 0.1 0.1 0.1 2.1 0.1 0.1 0.1 0.1 0.1
4.75     (gravel) 1.1 0.1 0.1 1.2 0.1 0.5 0.1 0.6 0.1 0.1 0.1
2           (sand) 1.9 0.2 0.5 1.4 1.1 0.8 0.1 1.1 0.7 0.4 0.1
0.85      (sand) 7.4 2.5 3.3 6.5 5.5 3 1.1 1.8 1.8 2 0.2
0.425    (sand) 11.8 6.7 7.3 12.8 13 11 8.1 8.7 6.2 11.4 1.4
0.25      (sand) 14.7 14 16.5 14.1 17.4 24.4 22.3 20.5 18.6 28.7 6.2
0.15      (sand) 28 28.3 30.6 19.1 24.6 28.6 27.6 23.1 31.7 29.7 13.8
0.075     (silt) 30.4 30.2 26.3 31.7 22.9 21.5 29.1 23.2 25.5 17.6 30.2
0.032     (silt) 0.4 8.3 6 6.1 5.9 2.3 5.1 2.7 5.1 1.1 34.2 J
0.022     (silt) 0.4 1.8 1.8 1.8 0.9 0.1 0.9 1.9 1.4 0.1 1
0.013     (silt) 0.1 1.3 0.9 0.4 1.4 0.1 0.9 1.9 1.4 0.9 1
0.009     (silt) 0.1 0.1 0.5 0.1 0.1 0.1 0.9 2.9 0.1 0.9 2.1
0.007     (silt) 0.8 0.1 0.1 0.1 0.9 1.7 0.5 1.9 1.4 1.4 1.5
0.0032   (silt) 0.8 1.8 1.4 0.9 1.8 0.4 0.5 1.9 1.4 1.8 2.1
0.0013   (clay) 0.1 1.3 1.4 0.9 0.5 0.9 0.9 2.9 1.4 0.5 2.1
<0.0013 (clay) 2.4 3.6 3.6 3.1 4.1 3 1.9 4.8 3.6 3.6 4.1

Note:
1Data table from SAIC Draft Data Report dated April 21, 2008 (See Table 3, Appendix C).
2Grain size by wet-sieving
Q = Data qualification  J - The analyte was positively identified; the associated numerical value is the approximate concentration of the analyte in the sample.
TOC = total organic carbon percentage by weight. 
TVS = total volatile soilds percentage by weight
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TABLE 11
CONVENTIONAL PARAMETERS FOR SUBTIDAL SURFACE (0–10 CM) SEDIMENT GRABS1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

J

12.1

110J
Grain Size (mm)2

J 148 J 290 J 201J 690 J

7.62 3.54 5.13

131 J371 J 1130

12.6

73.7

5.36

707 J 126 J

12.82.95 10.9 19 30

Q

ID-59-SD
(SED59)

12/7/2007Q

73.470.9 J 68.8

QQQ

6458.4 73 63.9

Q

77.5 67 72.9 58

ID-56-SD
(SED56)

11/30/2007

ID-57-SD
(SED57)

11/30/2007

ID-58-SD
SED58)

12/7/2007Q Q Q Q

ID-50-SD
(SED50)

11/30/2007

ID-51-SD
(SED51)

11/30/2007

ID-52-SD
(SED52)

11/30/2007

Station Number 
Collection Date 
Conventionals

ID-53-SD
(SED53)

11/30/2007

ID-54-SD
(SED54)

11/30/2007

ID-55-SD
(SED55)

12/7/2007

ID-04-SD
(SED4)

12/7/2007 Q
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SampleID WA WA
Collection Date SQS CSL 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/29/2009 LQ VQ 1/29/2009 LQ VQ

Arsenic 57 93 10 U U 20 U U 20 U U 6 U U 6 U U -- -- --
Cadmium 5.1 6.7 0.6 U U 0.6 U U 0.6 U U 0.2 U U 0.2 U U -- -- --
Chromium -- -- 17 -- -- 16 -- -- 14 -- -- 20.1 -- -- 18.4 -- -- -- -- --
Copper 390 390 113 -- -- 112 -- -- 76.7 -- -- 19.7 -- -- 30.4 -- -- -- -- --
Lead 450 530 25 -- -- 17 -- -- 10 -- -- 4 -- -- 8 -- -- -- -- --
Mercury 0.41 0.59 0.06 -- -- 0.07 -- -- 0.05 -- -- 0.05 U U 0.04 U U -- -- --
Silver 6.1 6.1 0.9 U U 0.9 U U 0.9 U U 0.3 U U 0.4 U U -- -- --
Zinc 410 960 144 -- -- 99 -- -- 57 -- -- 29 -- -- 124 -- -- -- -- --

Naphthalene 99 170 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Acenaphthylene 66 66 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Acenaphthene 16 57 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Fluorene 23 79 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Phenanthrene 100 480 0.99 U U 0.24 J J 0.65 0.43 J J 0.23 U J 0.47 U DNR
Anthracene 220 1200 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
1-Methylnaphthalene __ __ 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
2-Methylnaphthalene 38 64 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Total LPAH 960 5300 0.99 U U 0.24 J J 0.65 0.43 J J 0.45 U U 0.47 U DNR

Fluoranthene 160 1200 0.94 J J 0.58 -- -- 1.06 -- -- 0.39 J J 0.49 U -- 0.47 U DNR
Pyrene 1000 1400 0.94 J J 0.77 -- -- 1.44 -- -- 0.35 J J 0.89 -- -- 0.68 -- DNR
Benzo(a)anthracene 110 270 0.99 U U 0.34 J J 0.67 -- -- 0.71 U U 0.35 U J 0.47 U DNR
Chrysene 110 460 0.54 J J 0.48 1.38 -- -- 0.71 U U 0.87 -- -- 0.49 -- DNR
Benzo(b)fluoranthene -- -- 0.99 U U 0.34 J J 0.5 J J 0.71 U U 0.31 U J 0.47 U DNR
Benzo(k)fluoranthene -- -- 0.99 U U 0.29 J J 0.62 -- -- 0.71 U U 0.45 U U 0.47 U DNR
Benzofluoranthenes 230 450 0.99 U U 0.63 J J 1.11 J J 0.71 U U 0.45 U U 0.47 U DNR
Benzo(a)pyrene 99 210 0.99 U U 0.29 J J 0.38 J J 0.71 U U 0.45 U U 0.47 U DNR
Indeno(1,2,3-cd)pyrene 34 88 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Dibenz(a,h)anthracene 12 33 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR
Benzo(g,h,i)perylene 31 78 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Total HPAH 960 5300 2.41 J J 3.08 J J 6.04 J J 0.74 J J 2.25 -- -- 1.17 -- --

1,3-Dichlorobenzene -- -- 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
1,4-Dichlorobenzene 3.1 9 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR
1,2-Dichlorobenzene 2.3 2.3 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR
1,2,4-Trichlorobenzene 0.81 1.8 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR
Hexachlorobenzene 0.38 2.3 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR

HPAH in mg/kg TOC

LPAH in mg/kg TOC

ID-100-15-21-SD (SED100) ID-101-8-14-SD (SED101) ID-102-9-15-SD (SED102) ID-108-12-18-SD (SED108) ID-000-MIX ID-MIX-000-D*

TABLE 12a
SMS CHEMISTRY FOR INTERTIDAL BIOASSAY SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS) 1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Metals in mg/kg DW

Chlorinated Aromatics in mg/kg TOC
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SampleID WA WA
Collection Date SQS CSL 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/29/2009 LQ VQ 1/29/2009 LQ VQ

ID-100-15-21-SD (SED100) ID-101-8-14-SD (SED101) ID-102-9-15-SD (SED102) ID-108-12-18-SD (SED108) ID-000-MIX ID-MIX-000-D*

TABLE 12a
SMS CHEMISTRY FOR INTERTIDAL BIOASSAY SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT OR ORGANIC CARBON NORMALIZED PER SMS) 1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Dimethylphthalate 53 53 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Diethylphthalate 61 110 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Di-n-Butylphthalate 220 1700 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Butylbenzylphthalate 4.9 64 0.74 U U 0.36 U U 0.47 U U 0.57 U U 0.35 U U 0.35 U DNR
bis(2-Ethylhexyl)
phthalate
Di-n-Octylphthalate 58 4500 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR

Phenol 420 1200 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
2-Methylphenol 63 63 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
4-Methylphenol 670 670 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
2,4-Dimethylphenol 29 29 6.1 U U 6.2 U U 6.8 6.2 U U 6.2 U U 6.1 U DNR
Pentachlorophenol 360 690 30 U U 31 U U 31 U U 31 U U 31 U U 30 U DNR

Benzyl Alcohol
(µg/kg DW)
Benzoic Acid
(µg/kg DW)
Dibenzofuran 15 58 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR
Hexachlorobutadiene 3.9 6.2 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR
N-Nitrosodiphenylamine 28 130 0.3 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR

Notes:
1Data table from SAIC Draft Data Report dated April 14, 2009 (see Table 3-1, Appendix D).

DW = dry weight; HPAH = high molecular weight polycyclic aromatic hydrocarbon

DNR = do not report, use results for original ID‐000‐MIX sample

* = ID‐000‐MIX‐D normalized using TOC from ID‐000‐MIX

LPAH = low molecular weight polycyclic aromatic hydrocarbon

"LQ" laboratory qualifier

"VQ" validator qualifier

"U" indicates analyte not detected. The number is the method reporting limit.
"J" value estimated by analytical laboratory

SEAT:\0\0504042\00\Working\Draft RI‐FS Report\Draft RI Tables\Draft RI‐FS Tables 12, 13, 14.xls

Phthalate Esters in mg/kg TOC

47 78 0.99 U U 0.31 J J 0.59 U U 0.46 J J 0.45 U U 0.47 U DNR

Phenols in µg/kg DW

Miscellaneous Extractables in mg/kg TOC
57 73 30 U U 31 U U 31 U U 31 U U 19 U R 30 U DNR

650 650 200 U U 200 U U 200 U U 200 U DNRU U 190 U U 200
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SampleID
Collection Date LAET 2LAET 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/29/2009 LQ VQ 1/29/2009 LQ VQ

Naphthalene 2,100 2,400 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Acenaphthylene 1,300 1,300 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Acenaphthene 500 730 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Fluorene 540 1,000 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Phenanthrene 1,500 5,400 20 U U 10 J J 22 12 J J 10 U J 20 U DNR
Anthracene 960 4,400 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
1-Methylnaphthalene 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
2-Methylnaphthalene 670 1,400 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Total LPAH 5,200 13,000 20 U U 10 J J 22 12 J J 19 U U 20 U DNR

Fluoranthene 1,700 2,500 19 J J 24 -- -- 36 -- -- 11 J J 21 U -- 20 U DNR
Pyrene 2,600 3,300 19 J J 32 -- -- 49 -- -- 10 J J 38 -- -- 29 -- DNR
Benzo(a)anthracene 1,300 1,600 20 U U 14 J J 23 -- -- 20 U U 15 U J 20 U DNR
Chrysene 1,400 2,800 11 J J 20 47 -- -- 20 U U 37 -- -- 21 -- DNR
Benzo(b)fluoranthene -- -- 20 U U 14 J J 17 J J 20 U U 13 U J 20 U DNR
Benzo(k)fluoranthene -- -- 20 U U 12 J J 21 -- -- 20 U U 19 U U 20 U DNR
Benzofluoranthenes 3,200 3,600 20 U U 26 J J 38 J J 20 U U 19 U U 20 U DNR
Benzo(a)pyrene 1,600 3,000 20 U U 12 J J 13 J J 20 U U 19 U U 20 U DNR
Indeno(1,2,3-cd)pyrene 600 690 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Dibenz(a,h)anthracene 230 540 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
Benzo(g,h,i)perylene 670 720 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Total HPAH 12,000 17,000 49 J J 128 J J 206 J J 21 J J 96 -- -- 50 -- --

1,3-Dichlorobenzene -- -- 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
1,4-Dichlorobenzene 110 120 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
1,2-Dichlorobenzene 35 50 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
1,2,4-Trichlorobenzene 31 51 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
Hexachlorobenzene 22 70 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR

Dimethylphthalate 71 160 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Diethylphthalate 200 1,200 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Di-n-Butylphthalate 1,400 5,100 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Butylbenzylphthalate 63 900 15 U U 15 U U 16 U U 16 U U 15 U U 15 U DNR
bis(2-Ethylhexyl)phthalate 1,300 1,900 20 U U 13 J J 20 U U 13 J J 19 U U 20 U DNR
Di-n-Octylphthalate 6,200 -- 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR

Dibenzofuran 540 700 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR
Hexachlorobutadiene 11 120 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR
N-Nitrosodiphenylamine 28 40 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR

Notes:
1Table 12a edited to include dry weight data for organic carbon normalized chemicals; data for Table 12b received by GeoEngineers from SAIC on August 5, 2009.  Table 12a from SAIC Draft Data Report dated April 14, 2009 (see Table 3-1, Appendix D).

DW = dry weight; HPAH = high molecular weight polycyclic aromatic hydrocarbon; LAET = lowest apparent effects threshold (PSEP, 1988); 2LAET = second lowest apparent effects threshold.
DNR = do not report, use results for original ID‐000‐MIX sample

* = ID‐000‐MIX‐D normalized using TOC from ID‐000‐MIX

LPAH = low molecular weight polycyclic aromatic hydrocarbon
"LQ" laboratory qualifier
"VQ" validator qualifier
"U" indicates analyte not detected. The number is the method reporting limit.
"J" value estimated by analytical laboratory
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1988 PSEP

Miscellaneous Extractables in mg/kg DW

ID-MIX-000-D*

LPAH in mg/kg DW

HPAH in mg/kg DW

Chlorinated Aromatics in mg/kg DW

Phthalate Esters in mg/kg DW

TABLE 12b
SMS CHEMISTRY FOR INTERTIDAL BIOASSAY SEDIMENT GRABS (VALUES PRESENTED AS DRY WEIGHT  FOR CHEMICALS WITH ORGANIC CARBON NORMALIZED DATA IN TABLE 12A)1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

ID-100-15-21-SD (SED100) ID-101-8-14-SD (SED101) ID-102-9-15-SD (SED102) ID-108-12-18-SD (SED108) ID-000-MIX
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SampleID
Collection 

Date
Motor Oil 
(mg/kg) LQ VQ

Diesel Range 
Hydrocarbons 

(mg/kg) LQ VQ
ID-100-15-21-SD

(SED100)
1/8/2009 21

-- --
9.1

-- --

ID-101-8-14-SD
(SED101)

1/8/2009 150
-- --

85
-- --

ID-102-9-15-SD
(SED102)

1/8/2009 410
-- --

280
-- --

ID-103-11-17-SD
(SED103)

1/8/2009 38
-- --

20
-- --

ID-104-13-19-SD
(SED104)

1/8/2009 3600
-- --

5400
-- --

ID-106-13-19-SD
(SED106)

1/8/2009 2600
-- --

3600
-- --

ID-107-8-14-SD
(SED107)

1/8/2009 3100
-- --

4000
-- --

ID-108-12-18-SD
(SED108)

1/8/2009 94
-- --

42
-- --

ID-000-MIX 1/29/2009 330 -- -- 360 -- --
ID-000-MIX-D1 1/29/2009 240 -- DNR 260 -- DNR
ID-000-MIX-D2 1/29/2009 230 -- DNR 230 -- DNR
ID-000-MIX-D3 1/29/2009 210 -- DNR 210 -- DNR
SB-REF-ID-01 1/29/2009 13 U U 6.6 U U
SB-REF-ID-02 1/29/2009 12 U U 6.2 U U

Notes:
DNR = do not report, use results for original ID‐000‐MIX sample

"U" indicates analyte not detected. The number is the method reporting limit.

"LQ" laboratory qualifier

"VQ" validator qualifier
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TABLE 13
TOTAL PETROLEUM HYDROCARBON RESULTS FOR INTERTIDAL BIOASSAY SEDIMENT GRABS

IRONDALE AND STEEL PLANT, IRONDALE, WASHINGTON
DRAFT RI/FS
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SampleID ID-100-15-21-SD
(SED100)

ID-101-8-14-SD
(SED101)

ID-102-9-15-SD
(SED102)

ID-103-11-17-SD
(SED103)

ID-104-13-19-SD 
(SED104)

ID-106-13-19-SD
(SED106)

ID-107-8-14-SD
(SED107)

ID-108-12-18-SD
(SED107)

ID-000-MIX SB-REF-ID-01 SB-REF-ID-02

Collection Date 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/29/2009 1/29/2009 1/29/2009
Total Organic Carbon (%) 2.03 4.16 3.41 1.35 5.57 3.91 4.81 2.82 4.26 0.232 0.354
Total Volatile Solids (%) 1.75 6.94 9.32 3.07 3.81 4.56 4.68 1.79 1.95 0.74 0.79
Total Solids (%) 77.2 69.8 71 72.7 73.1 74.2 74.1 70.7 74.6 76.6 73.3
Preserved Total Solids (%) 75.1 68.9 70.2 75.6 70 68.7 70.8 74.6 76.7 74.5
N-Ammonia (mg-N/kg) 0.61 0.21 0.6 0.13 0.13 0.13 0.16 0.13 0.32 4.68 2.57
Sulfide (mg/kg) 343 2170 742 13 706 4.26 299 498 1.5 1.33
Grain Size (%)
Gravel 17.6 29.3 18 16 20 14.3 34.6 12.1 14.1 0.7 0.5
Very Coarse Sand 10.3 10.3 18.3 4.2 15.8 11.1 10.1 4.3 4.7 0.7 0.8
Coarse Sand 15.4 15 14.1 15.4 17.5 18.2 18 17.9 17 7.7 3.7
Medium Sand 35.5 22.8 24.1 41.6 29.7 33.3 26.1 51.1 41.4 54.4 55.5
Fine Sand 14.5 11.5 19.4 20.1 11.3 17.1 9.1 11.1 18.7 32 37.6
Very Fine Sand 3.3 4.1 4.5 1.9 1.9 3.3 1.2 1.4 2 3.5 0.9
Total Fines 3.4 7 1.7 1 3.8 2.7 0.9 2 2 0.9 0.9

Notes:
1Data table from SAIC Draft Data Report dated April 14, 2009 (see Table 3-1, Appendix D).
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TABLE 14
CONVENTIONAL PARAMETERS FOR INTERTIDAL BIOASSAY SEDIMENT GRABS1

DRAFT RI/FS
IRONDALE AND STEEL PLANT, IRONDALE, WASHINGTON
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Antimony Arsenic Beryllium Cadmium Chromium Copper Iron Lead Mercury Nickel Selenium Silver Thallium Zinc
(mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (mg/kg)

Hart Crowser (1996)
SS-1 SS-1 March-96 6 -- -- 1.8 -- 0.5 U 7.2 7.1 8,400 5 U 0.13 U 14 -- -- -- 15
SS-2 SS-2 March-96 6 -- -- 3.1 -- 0.5 U 9.9 22 7,200 7.7 0.13 U 7.6 -- -- -- 17

Jefferson County (2001)
BS1 BS1 10/25/2001 unknown -- nd 2.7 nd nd 15.1 4.9 -- nd 0.0 21 nd nd nd 17.6
BS2 BS2 10/25/2001 unknown -- nd 4.8 nd nd 11.4 10.8 -- nd nd 20.4 nd nd nd 22.3
BS3 BS3 10/25/2001 unknown -- nd 4.0 1.2 nd 11 412 -- nd nd 14.8 nd nd nd 47.1

Ecology (2005)
Location 001 05284010; Location 001 11/3/2005 0.3 to 0.5 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Location 002 05284011; Location 002 11/3/2005 0.25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
Location 004 05444013; Location 004 11/3/2005 0.25 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Jefferson County (2007)
07034900, Location 1 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034901, Location 1 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034902, Location 1 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034903, Location 2 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034904, Location 2 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034905, Location 2 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034906, Location 3 January-07 6 0.34 J 0.20 U 5.0 -- 0.11 21 50.6 33,300 12.4 0.0072 28.3 -- 0.10 U -- 69
07034907, Location 3 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034908, Location 3 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034909, Location 4 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034910, Location 4 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034911, Location 4 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034912, Location 5 January-07 6 1.65 J 0.20 U 4.1 -- 0.12 26.7 34.0 28,900 14.3 0.0095 31.5 -- 0.10 U -- 55
07034913, Location 5 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034914, Location 5 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034915, Location 6 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034916, Location 6 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034917, Location 6 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034918, Location 7 January-07 6 2.21 J 0.20 U 4.7 -- 0.11 24 J 35.6 J 23,000 16.7 0.012 32.6 -- 0.10 U -- 86
07034919, Location 7 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034920, Location 7 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034921, Location 8 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034922, Location 8 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034923, Location 8 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034924, Location 9 January-07 6 0.59 J 0.20 U 3.0 -- 0.16 26.8 28.8 18,000 5.92 0.012 38.7 -- 0.10 U -- 47
07034925, Location 9 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034926, Location 9 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

07034927, Location 10 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034928, Location 10 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034929, Location 10 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034930, Location 11 January-07 6 0.30 J 0.20 U 3.3 -- 0.11 23.6 31.1 17,600 10.3 0.006 25.7 -- 0.10 U -- 53
07034931, Location 11 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034932, Location 11 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034933, Location 12 January-07 6 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034934, Location 12 January-07 12 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --
07034934, Location 12 January-07 18 -- -- -- -- -- -- -- -- -- -- -- -- -- -- --

Applicable Screening Level
Sediment Criteria - SQS2 -- -- -- 57 -- 5.1 260 390 -- 450 0.41 -- -- 6.1 -- 410
Sediment Criteria - CSL3 -- -- -- 93 -- 6.7 270 390 -- 530 0.59 -- -- 6.1 -- 960

Notes:
1Approximate locations of sediment samples are shown in Figure 3
2Marine Sediment Quality Standards - Chemical Criteria (Table I; Chapter 173-204 WAC - Sediment Management Standards
3Puget Sound Marine Sediment Cleanup Screening Levels and Minimum Cleanup Levels - Chemical Criteria (Table III; Chapter 173-204 WAC - Sediment Management Standard
mg/kg = milligrams per kilogram
"--" = not analyzed or not applicable
"J" indicates an estimated concentration.
"U" indicates analyte not detected.  The number reported is the method reporting limit.
nd = Not detected
TOC = Total organic carbon
Shading indicates concentration exceeds at least one screening level.

METALS IN SEDIMENT FROM PRE-RI STUDIES
SUMMARY OF CHEMICAL ANALYTICAL DATA

Location 10

Location 11

Location 3

Location 8
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Sample Depth 
(inches bgs)

Metals

Location 12

Location 4

Location ID1 Sample ID
TOC

%

TABLE 15

DRAFT RI/FS REPORT

Location 9

Location 1

Location 2

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Location 5

Location 6

Location 7

Collection 
Date
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1-Methylnaphthalene 2-Chloronaphthalene 2-Methylnaphthalene Acenaphthene Acenaphthylene Anthracene Benzo(a)anthracene Benzo(a)pyrene Benzo(b)fluoranthene Benzo(ghi)perylene Benzo(k)fluoranthene Total Benzo Fluoranthenes
 (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)4,5

Jefferson County (2007)
Location 3 07034906, Location 3 January-07 6 0.34 J 3.53 3.53 3.53 3.53 3.53 3.53 3.53 3.53 5.29 3.53 3.53 8.82
Location 5 07034912, Location 5 January-07 6 1.65 J 0.73 0.73 0.73 0.73 0.73 0.73 2.36 1.21 2.36 0.73 0.97 3.33
Location 7 07034918, Location 7 January-07 6 2.21 J 0.54 0.54 0.54 0.54 0.54 0.54 0.81 0.54 1.22 0.54 0.54 1.76

Applicable MTCA Cleanup Levels
Sediment Criteria - SQS1  (mg/kg OC) -- -- -- -- -- 38 16 66 220 110 99 230 31 230 230
Sediment Criteria - CSL2  mg/kg OC) -- -- -- -- -- 64 57 66 1,200 270 210 450 78 450 450

Carbazole Chrysene Dibenzo(a,h)anthracene Dibenzofuran Fluoranthene Fluorene Indeno(1, 2, 3-cd)pyrene Naphthalene Phenanthrene Pyrene Retene
 (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5 (mg/kg TOC)5 (mg/kg TOC)5 (mg/kg TOC)5 (mg/kg TOC)5 (mg/kg TOC)5  (mg/kg TOC)5  (mg/kg TOC)5 ug/kg

Jefferson County (2007)
Location 3 07034906, Location 3 January-07 6 0.34 J 3.53 3.53 3.53 3.53 3.53 3.53 3.53 3.53 5.29 3.53 3.53
Location 5 07034912, Location 5 January-07 6 1.65 J 0.73 0.73 0.73 0.73 0.73 0.73 2.36 1.21 2.36 0.73 0.97
Location 7 07034918, Location 7 January-07 6 2.21 J 0.54 0.54 0.54 0.54 0.54 0.54 0.81 0.54 1.22 0.54 0.54

Applicable MTCA Cleanup Levels
Sediment Criteria - SQS2 -- -- -- -- 110 12 15 160 23 34 99 100 1,000 --
Sediment Criteria - CSL3 -- -- -- -- 460 33 58 1,200 79 88 170 480 1,400 --

Notes:
1Approximate locations of sediment samples are shown in Figure 3.
2Marine Sediment Quality Standards - Chemical Criteria (Table I; Chapter 173-204 WAC - Sediment Management Standards)
3Puget Sound Marine Sediment Cleanup Screening Levels and Minimum Cleanup Levels - Chemical Criteria (Table III; Chapter 173-204 WAC - Sediment Management Standards)
4Sum of the "b" and "k" isomers.
5Concentrations are shown in milligrams per kilogram normalized with reference to percent total organic carbon (TOC).
mg/kg = milligrams per kilogram
"--" = not analyzed or not applicable
"J" indicates an estimated concentration.
TOC = Total Organic Carbon
Shading indicates concentration exceeds at least one screening criteria.
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Collection 
Date

TOC
%

Polycyclic Aromatic Hydrocarbons
Sample Depth 
(inches bgs)

Sample Depth 
(inches bgs)

Polycyclic Aromatic Hydrocarbons

TOC
%Sample IDLocation ID

TABLE 16
SUMMARY OF CHEMICAL ANALYTICAL DATA

POLYCYCLIC AROMATIC HYDROCARBONS IN SEDIMENT FROM PRE-RI STUDIES
DRAFT RI/FS REPORT

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Location ID1 Sample ID
Collection 

Date
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Tide Elevation
(feet relative to 

MLLW)

12/13/2007 3:30 PM 4.97 9.33 6.88 falling 8:07 AM 12:13 AM (12/14/07)
1/8/2009 3:27 PM 4.23 10.07 5.33 falling 11:39 AM 7:38 PM
1/9/2009 10:28 AM 4.31 9.99 8.34 rising 12:37 PM 7:50 AM

12/13/2007 3:40 PM 5.48 7.31 6.87 falling 8:07 AM 12:13 AM (12/14/07)
1/8/2009 3:15 PM 5.51 7.28 5.83 falling 11:39 AM 7:38 PM
1/9/2009 10:20 AM 4.00 8.79 8.34 rising 12:37 PM 7:50 AM

12/13/2007 3:53 PM 5.72 8.77 6.87 falling 8:07 AM 12:13 AM (12/14/07)
1/8/2009 3:06 PM 4.43 10.06 6.16 falling 11:39 AM 7:38 PM
1/9/2009 10:12 AM 4.84 9.65 8.30 rising 12:37 PM 7:50 AM

12/13/2007 3:45 PM 6.05 8.12 6.87 falling 8:07 AM 12:13 AM (12/14/07)
1/8/2009 3:04 PM 4.89 9.28 6.28 falling 11:39 AM 7:38 PM
1/9/2009 10:16 AM 4.83 9.34 8.33 rising 12:37 PM 7:50 AM

3The depths to groundwater were measured relative to the tops of the well casings.
4Groundwater elevation relative to mean sea level.
5NOAA tide data for Port Townsend Station.
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LowRising/Falling
Date

Measured
Time 

Measured

Depth to
Groundwater3

(feet)

Groundwater
Elevation4

(feet)
Well 

Number1
Date 

Installed
TOC 

Elevation2
Screen Interval 

Elevation2

TABLE 17
SUMMARY OF GROUNDWATER ELEVATIONS

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Tide5

High

2 TOC=Top of well casing.  Elevation relative to mean sea level.

Notes:
1See Figure 2 for approximate exploration locations.

MW-02 6/25/2007 14.30 10.55 to 0.55

6/26/2007MW-03 12.79 9.09 to -5.91

MW-04 6/25/2007 14.49 11.57 to -3.43

MW-05 6/26/2007 14.17 10.85 to -4.15
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Media
Arsenic 
(mg/kg)

Copper 
(mg/kg)

Iron 
(mg/kg)

Lead 
(mg/kg)

Nickel 
(mg/kg)

Zinc 
(mg/kg)

TP40
UBSS1-071212-.5 Soil - dw 56 1,080 243,000 50 90 60
UBS1-071212-.5 Worm - ww 1.1 14.0 2,330 3 1 157
UBS1-071212-.5 Worm - dw1 6.875 87.5 14562.5 18.75 6.25 981.25
Bioaccumlation Factor - dw 0.123 0.081 0.060 0.375 0.069 16.354
TP30
UBSS2-071212-.5 Soil - dw 41 776 208,000 80 80 60
UBS2-071212-.5 Worm - ww 0.39 5 161 0.15 0.3 55.7
UBS2-071212-.5 Worm - dw1 2.4375 31.25 1006.25 0.9375 1.875 348.125
Bioaccumlation Factor - dw 0.059 0.040 0.005 0.012 0.023 5.802
TP41
TP41-071213-1 Soil - dw 3.1 37 18,200 8 24 47
TP41-071213-W Worm - ww 0.4 1.51 176 0.15 0.3 83.3
TP41-071213-W Worm - dw1 2.5 9.4375 1100 0.9375 1.875 520.625
Bioaccumlation Factor - dw 0.806 0.256 0.060 0.117 0.078 11.077
Bioacumulation Factor - dw
Maximum 0.806 0.256 0.060 0.375 0.078 16.4
Average 0.330 0.126 0.042 0.168 0.057 11.1
MTCA Default (Table 749-4) 1.160 0.880 na 0.690 0.780 3.190

Notes:
1Earthworm dry weight concentrations calculated using an assumed earthworm percent moisture of 84 percent (EPA, 1993)
Shading indicates values that were used to calculate site-specific wildife screening levels (avian and mammalian predators)
Bold and underline indicates that metal was not detected and value is 1/2 method reporting limit.
dw = dry weight
ww = wet weight
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IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

TABLE 18
SITE-SPECIFIC EARTHWORM BIOACCUMULATION FACTORS

METALS IN SOIL AND WORMS
DRAFT RI/FS
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Media
Arsenic 
(mg/kg)

Copper 
(mg/kg)

Iron 
(mg/kg)

Lead 
(mg/kg)

Nickel 
(mg/kg)

Zinc 
(mg/kg)

TP40
TP40-CP-080605 Plant - ww 0.04 1.74 16 0.4 0.5 6.0
TP40-CP-080605 Plant - dw 0.26 11.4 105.3 2.6 3.3 39.5
TP40-CS-080605 Soil - dw 44.0 1050 260,000 210 90 80
Plant Uptake Factor - dw 0.006 0.011 0.00040 0.013 0.037 0.49
TP03
TP03-CP-080606 Plant - ww 0.04 1.67 41 0.4 0.2 6.8
TP03-CP-080606 Plant - dw 0.17 7.26 178.26 1.74 0.87 29.57
TP03-CS-080606 Soil - dw 28.1 318 156,000 370 60 1,820
Plant Uptake Factor - dw 0.006 0.023 0.0011 0.0047 0.014 0.016
TP32
TP32-CP-080606 Plant - ww 0.04 1.17 25 0.4 0.4 7.1
TP32-CP-080606 Plant - dw 0.22 6.39 136.61 2.19 2.19 38.80
TP32-CS-080606 Soil - dw 50.4 1,150 95,700 40 19 81
Plant Uptake Factor - dw 0.0043 0.0056 0.0014 0.05 0.12 0.48
Plant Uptake Factor - dw
Maximum Kplant 0.006 0.023 0.0014 0.05 0.12 0.49
Average Kplant 0.006 0.013 0.0010 0.024 0.055 0.33
MTCA Default Kplant (Table 749-3) 0.06 0.02 na 0.0047 0.047 0.095

Notes:
1Plant dry weight concentrations calculated using sample-specific percent moisture:

TP40 = 84.8%
TP03 = 77%
TP32 = 81.7%

Shading indicates values that were used to calculate site-specific wildife screening levels (mammalian herbivors)
Bold and underline indicates that metal was not detected and value is 1/2 method reporting limit.
dw = dry weight
ww = wet weight
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IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

TABLE 19
SITE-SPECIFIC PLANT UPTAKE COEFFICIENTS

METALS IN SOIL AND PLANTS
DRAFT RI/FS
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Parameter
Avian Predator 

(Robin)
Mammalian 

Predator (Shrew)
Mammalian 

Herbivore (Vole) Units
Proportion of 
Contaminated Food 0.52 0.5 1 unitless
Food Ingestion Rate 0.207 0.45 0.315 kg/kg-day
Soil Ingestion Rate 0.0215 0.0045 0.0079 kg/kg-day
Home Range 0.6 0.1 0.08 acres

Metal RGAF MTCA Default BAF Trobin Tshrew Tvole Kplant Max BAF AVG BAF Max Kplant AVG Kplant
Arsenic V 1 1.16 22 35 35 0.06 0.806 0.330 0.006 0.006
Copper 1 0.88 61.7 44 33.6 0.02 0.256 0.126 0.023 0.013
Lead 1 0.69 11.3 20 20 0.0047 0.375 0.168 0.05 0.024
Nickel 1 0.78 107 175.8 134.4 0.047 0.078 0.057 0.12 0.055
Zinc 1 3.19 131 703.3 537.4 0.095 16.354 11.078 0.49 0.33

Avian Predator 
(Robin)

Mammalian 
Predator (Shrew)

Mammalian 
Herbivore (Vole) Lowest

Arsenic V 150 132 1,310 132
Copper 531 217 2,370 217
Lead 118 125 2,130 118
Nickel 1,020 977 5,920 977
Zinc 360 974 14,200 360

Avian Predator 
(Robin)

Mammalian 
Predator (Shrew)

Mammalian 
Herbivore (Vole) Lowest

Arsenic V 386 445 3,630 386
Copper 1,760 1,340 2,790 1,340
Lead 285 473 1,290 285
Nickel 3,870 10,100 5,300 3,870
Zinc 110 282 4,810 110

Notes:
Shading indicates values that were selected as Wildlife Soil Screening Levels
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Table 749-5 Values and Site-Specific BAFs

MTCA Default Wildlife Soil Screening Levels

Site-Specific Wildlife Soil Screening Levels (Average BAF/Kplant)

TABLE 20
SITE-SPECIFIC WILDLIFE SCREENING LEVEL CALCULATIONS - METALS

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Site-specific KplantTable 749-5 Values Site-Specific BAFs

MTCA Table 749-4 Exposure Parameters and Values
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Receptor Basis Value Note Value Note Value Note Value Note Value Note Value Note Value Note Value Note

Human Health Default MTCA values 2,000 Method A 0.137 Method B 20 Background 3,000 Method B 58,700 Background 250 Method A 1,600 Method B 1,600 Method B

TEE - Soil Biota

Bioassays - 100% 
worm survival for 

metals; no TEE CULS 
required. 136 Site-specific2 NA NA NA NA NA NA NA NA NA NA NA NA NA NA

TEE - Plants

Default TEE values.  
Plant bioassays were 

inconclusive. -- -- NA NA 18 EPA SSL 70 EPA SSL -- -- 120 EPA SSL 48 Background 160 EPA SSL

TEE - Wildlife

Co-located soil/worm 
samples.  Values 

based on site-
specific 

bioaccumulation 
factor (BAF) 6,000 Table 749-3 NA NA 386 Site-Specific 1,340

Site-
Specific -- -- 285

Site-
Specific 3,870 Site-Specific 360

Table 749-
3

Selected Value 136 and 2,000 0.137 18 70 58,700 120 48 160

Notes:
1All values are milligrams per kilogram

Shading indicates lowest applicable soil screening level
-- = Not available
EPA SSL = US Environmental Protection Agency Soil Screening Level
NA = Not applicable (bioassay indicated no adverse effects to soil biota)

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\Draft RI-FS Table 21 (CULs).xls

2136 mg/kg is site-specific combined TPH cleanup level developed for sediment (See Appendix D for details).  It is applicable to upland soil adjacent to former above ground storage tank due to the potential transport of upland soil to sediment via 
erosion.  The MTCA Method A soil cleanup level at 2,000 mg/kg is applicable to soil above the bluff and in the northshore fill area.
3Total Petroleum Hydrocarbons equals sum of diesel-range and heavy-oil range concentrations.

Copper Iron LeadcPAHs

TABLE 21
DRAFT SOIL CLEANUP LEVELS1

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

TPH3 Nickel ZincArsenic (Arsenic V for Eco)
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Authorizing Statute
Implementing

Regulation Description Rationale

National Toxics Rule; 33 
USC 1251

Water Quality Standards; 40 
CFR 131.36(b)(1)

Establishes surface water quality 
standards that protect aquatic life and 
human health.  Washington adopted 
these standards in Chapter 173-201A 
WAC.

Potentially applicable to surface water 
and potentially relevant and appropriate 
to sediment and groundwater that are 
likely to impact surface water quality.

WA Water Pollution 
Control Act; Chapter 90.48 
RCW

Water Quality Standards for 
Surface Waters; Chapter 173-
201A WAC

Establishes narrative and numeric 
surface water quality standards for 
waters of the state.

Potentially applicable to surface water 
and potentially relevant and appropriate 
sediment and groundwater that are 
likely to impact surface water quality.

Clean Water Act; 33 USC 
1251-1387

Section 304a of the Clean 
Water Act; WAC 173-340-
730(2)(b)(i)(B)

Establishes surface water quality 
standards that protect aquatic life and 
human health.  Washington adopted 
these standards in Chapter 173-201A 
WAC.

Potentially applicable to surface water 
and potentially relevant and appropriate 
to sediment and groundwater that are 
likely to impact surface water quality.

Hazardous Waste 
Management; Chapter 
70.105D RCW

Washington Model Toxics 
Control Act Cleanup 
Regulation; Chapter 173-340 
WAC

Establishes groundwater, surface 
water, and soil cleanup levels.

Potentially applicable to surface water 
and potentially relevant and appropriate 
to sediment and groundwater that are 
likely to impact surface water quality 
and to soils at the site.

Shoreline Management Act 
of 1971; Chapter 90.58 
RCW

Shoreline Management Act; 
Chapters 173-18, 173-22, 
and 173-27 WAC. 

The substantive requirements of this 
statute and its implementing 
regulations apply to activities within 
200 feet of shorelines in the state.

Proposed remedial actions must be 
consistent with the approved 
Washington State coastal zone 
management program.

Construction Projects in 
State Waters; Chapter 

77.55 RCW

Hydraulic Code Rules; 
Chapter 220-110 WAC

Apply to work conducted in Puget 
Sound or within the designated 
shoreline that changes the natural 
flow or bed of the water body (and 
therefore has the potential to affect 
fish habitat).

May apply to remedial actions that take 
place on the shoreline. 

Endangered Species Act; 
16 USC 1531 et seq.

Endangered Species Act; 50 
CFR Parts 17, 222, and 402

Act protects fish, wildlife, and plant 
species whose existence is 
threatened or endangered.

Applies to cleanup actions that may 
affect a listed threatened or endangered 
species or designated critical habitat.

Hazardous Waste 
Management; Chapter 
70.105D RCW

Selection of Cleanup Actions; 
WAC 173-340-350

Minimum requirements and 
procedures for conducting remedial 
investigation and feasibility studies.

Applicable to remedial action selection 
and implementation.

Hazardous Waste 
Management; Chapter 
70.105D RCW

Institutional Controls; WAC 
173-340-440

Institutional control requirements. Potentially applicable to remedial action 
selection and implementation.

Hazardous Waste 
Management; Chapter 
70.105D RCW

Compliance Monitoring 
Requirements; WAC 173-340-
410, -720(9), -730(7), -
740(7), and -745(8)

Compliance monitoring requirements 
for groundwater, surface water, and 
soil.

Potentially applicable to remedial action 
selection and implementation.

TABLE 22
SITE SPECIFIC ARARS

DRAFT RI/FS
IRONDALE AND STEEL PLANT, IRONDALE, WASHINGTON

Potential Chemical-Specific ARARs

Potential Location-Specific ARARs

Potential Action-Specific ARARs
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Authorizing Statute
Implementing

Regulation Description Rationale

TABLE 22
SITE SPECIFIC ARARS

DRAFT RI/FS
IRONDALE AND STEEL PLANT, IRONDALE, WASHINGTON

Ecology Area of 
Contamination Policy

8/20/1991 Interprogram 
Policy

Allows movement/placement of 
excavated contaminated material 
within the regulated site without 
triggering dangerous waste 
designation.

Could be applicable for containment 
remedial alternatives.

Ecology Construction 
Stormwater General 
Permit

State of Washington Water 
Pollution Control Law; RCW 
Chapter 90.48 

Applies to construction activities that 
disturb 1 or more acres.

Substantive requirements could be 
addressed through project stormwater 
pollution prevention plan.

Water Well Construction; 
Chapter 18.104 RCW

Minimum Standards for 
Construction and 
Maintenance of Wells; 
Chapter 173-160 WAC

Applies to the construction and 
maintenance of monitoring wells

Potentially applicable to wells 
constructed for groundwater withdrawal 
and monitoring and decommissioning of 
existing or future wells.

Hazardous Waste 
Management; Chapter 
70.105 RCW

Dangerous Waste 
Regulations; Chapter 173-
303 WAC

Applies if dangerous wastes are 
generated during remedial program

These regulations must be fully 
complied with for any off site disposal of 
waste determined to be dangerous 
waste. This would only apply to upland 
remedial options as dredged sediment 
is exempt from waste classification.

WA Water Pollution 
Control; Chapter 90.48 
RCW

NPDES Permit Program; 
Chapter 173-220 WAC

Applicable to the discharge of 
pollutants and other wastes and 
materials to the surface waters of the 
state

NPDES may be required for discharges 
related to ongoing remedial actions or 
discharge of stormwater/drainage.

State Environmental Policy 
Act (SEPA); Chapter 
43.21C.110 RCW

SEPA Rules; Chapter 197-11 
WAC

Applies if future construction/remedial 
action occurs at the site

Applies if future construction/ remedial 
action occurs at the site.

Solid Waste Management 
Chapter 43.21A RCW

Minimum Functional 
Standards for Solid Waste 
Handling WAC 173-304

Establishes minimum functional 
standards for the handling of solid 
waste.

Applies if non-dangerous wastes are 
generated during remedial program

Transportation of 
Hazardous Material; 49 
USC 5101-5127

Hazardous Materials 
Regulations; 49 CFR Parts 
171 through 180

Regulations that govern the 
transportation of hazardous 
materials.

Applies to any hazardous materials 
transported off-site as part of 
remediation.

Hazardous Waste-Land 
Disposal Restrictions; 
USEPA

40 CFR 268/22 CCR 66268 Establishes land disposal restrictions 
and treatment standards for 
hazardous wastes applicable to 
generators.

Any hazardous wastes generated as a 
result of on-site activities or by 
treatment systems must meet land 
disposal restriction requirements.

WA Water Pollution 
Control; Chapter 90.48 
RCW

Federal Water Pollution 
Control Act Certification; 
Chapter 173-225 WAC

Applies to activities that may result in 
a discharge into navigable waters.

Substantive compliance with this 
requirement will be potentially 
applicable to alternatives where 
substantive compliance with NPDES or 
Section 404 permit is required.

WA Water Pollution 
Control; Chapter 90.48 
RCW

Mixing Zones; WAC 173-
201A-400

Applies to the allowable size and 
location of a mixing zone.

Potentially applicable to remedial 
alternatives that would require 
substantive compliance with NPDES 
permit requirements.

Potential Action-Specific ARARs

File No. 0504-042-00
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Authorizing Statute
Implementing

Regulation Description Rationale

TABLE 22
SITE SPECIFIC ARARS

DRAFT RI/FS
IRONDALE AND STEEL PLANT, IRONDALE, WASHINGTON

WA Water Pollution 
Control; Chapter 90.48 
RCW

Short Term Modifications (to 
State Water Quality Criteria); 
Chapter 173-201A-410

Criteria may be modified for a specific 
water body on a short-term basis 
when necessary to accommodate 
essential activities, respond to 
emergencies, or to otherwise protect 
the public interest, even though such 
activities may result in a temporary 
reduction.

Substantive provisions potentially 
applicable to remedial alternatives 
involving excavation of sediments.

USACE permit Section 404 Permit Program Applies to dredging or filling in the 
waters of the U.S.

Permit may not be required but 
substantive compliance with typical 
permit conditions will be required. 

Archeological and Historic 
Preservation

Federal Archeological and 
Historical Preservation Act; 
16 USCA 496a-1

The Site is part of the Irondale 
National Historic District designated 
by the National Park Service and is 
also listed in the Washington State 
Heritage Register and the National 
Park Service Historic American 
Engineering Record.

Will be applicable for remedial 
alternatives that include grading and 
excavation activities.

Washington Clean Air Act; 
Chapter 70.94 RCW

General Requirements for Air 
Pollution Sources; Chapter 
173-400 WAC.  Controls for 
New Sources of Toxic Air 
Pollutants; Chapter 173-460 
WAC

Establishes technically feasible and 
reasonably attainable standards and 
rules generally applicable to the 
control and/or prevention of the 
emission of air contaminants. 

May apply to remedial alternatives that 
produce emissions to air.

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\0504-042-00 Tables 22 - 26.xls

Potential Action-Specific ARARs

File No. 0504-042-00
Table 22 Page 3 of 3



General Response 
Action

Remediation 
Technology Process Option Description Effectiveness Implementability Relative Cost Summary of Screening

Applicable Site Sub-Unit (s)
(Sediment Remediation Area, Former 

AST Area, TP08 Vicinity, Power 
House Complex, and Steel 

Production Building)

No Action No Action None No institutional or engineering controls or treatment. Not effective for protecting human health and environment. Implementable but not acceptable to the general public or 
government agencies. 

None Sometimes used as a baseline for 
comparison.  Not retained.

Applicable for soil in all sub-units.  

Institutional Controls/
Access Control

Institutional 
Control

Deed Notification/
Restriction and Fencing/
Warning Signage

Implement deed notification to inform future owners of the presence of 
potentially hazardous substances at the site and /or implement deed 
restriction to restrict certain activities and uses of the site.  Construct or 
maintain existing site fencing and signage to control site access by the 
general public thereby reducing potential exposure to contaminants.

Effectiveness for protection of human health would depend 
on enforcement of and compliance with deed restrictions.  
Not applicable for ecological risks.

Technically implementable. Specific legal requirements and 
authority would need to be met. Signage would be easily 
implemented as a component of maintaining site as park 
space, but would require maintenance to ensure effectiveness.

Low capital Potentially applicable in combination with 
other technologies. Retained.

Applicable for soil in all sub-units. 

Soil Containment Capping Surface Cap Installation of surface cap over contaminated soil areas to reduce 
contaminant migration and to prevent exposure. Caps may include asphalt 
or concrete paving, synthetic membranes, soil, and buildings or structures. 

Effective for preventing direct contact exposure (i.e. dermal 
contact or ingestion). Limits infiltration and leachate 
formation, but less effective than source removal options for
protection of groundwater.

Technically implementable. The selected capping technology 
must be consistent with proposed future land use. 

Moderate capital. Low O&M. Applicable technology where 
contaminants pose little threat to 
groundwater.  Retained.

Applicable for soil in all sub-units.  

Soil 
Removal/Disposal

Removal with Land 
Disposal

Excavation and Landfill Excavation of contaminated soil using common excavation methods.  
Excavation on steep portions of site may require shoring, building 
foundations may have to be removed,  and excavation in AST area may 
require wet excavation or dewatering.  Disposal of impacted soil at a 
permitted, off-site landfill.

Effective for complete range of contaminant groups. Technically implementable using common excavation and 
transport methods.   Impacted soil must be profiled for disposa
and pre-treatment may be required for some soil.

Moderate to high capital. Negligible O&M. Applicable in all areas.  Retained. Applicable for soil in all sub-units. 

Stabilization Contaminants are physically bound or enclosed within a stabilized mass 
using Portland cement or another pozzolanic material. This technology has 
been reliably demonstrated for contaminants such as heavy metals. 

Stabilization is a common and effective technology for 
reducing the leachability of metals in soil.  

Technically implementable. However most processes result in 
significant increase in volume.  Difficult to implement in soil 
with free product (i.e., petroleum).

Moderate capital. Low O&M. Moderate 
cost relative to other ex situ 
physical/chemical options.  Significant cost
savings for disposal.

Potentially applicable for metals-
impacted soil. Retained.

Applicable for soil at the Steel Production 
Building, Power House Complex and TP08 
vicinity.

Soil Washing Wash soil with water-based surfactants, detergents, acids, etc., to remove 
chemicals from soil particles.  Treat or dispose of high chemical 
concentration residuals fluids.

Most effective for high-concentration inorganic chemicals, 
SVOCs and fuels. Removal of organics adsorbed to clay-
sized particles may be difficult.  

Difficult to implement for complex waste mixtures. Complex 
mixtures of contaminants can make formulation of washing 
fluids difficult. Residuals may be difficult to extract from matrix 
and may require additional treatment/disposal.

High capital and O&M. High cost relative 
to other ex situ physical/chemical options.

Difficult to implement.  Difficult to 
formulate washing fluids for complex 
waste mixtures. Soils may remain toxic 
due to difficulty extracting residual fluids.  
Not retained.

Incineration High temperatures, 871-1,204 o C (1,600-2,200 o F), are used to combust (in 
the presence of oxygen) organic constituents in hazardous wastes.

Effective for destroying hydrocarbons. Not effective for 
inorganic chemicals.

Technically implementable. Incineration would be 
accomplished at a permitted off-site facility.

High capital and high O&M. High cost 
relative to other ex situ options.

High cost relative to other ex situ 
technologies and not effective for metals. 
Not retained.

Thermal Desorption Wastes are heated within a continuous flow reactor to 320 to 560 o C to 
volatilize organic contaminants.  A carrier gas or vacuum system transports 
volatilized organics to the gas treatment system.

Effective for SVOCs and fuels. Fine grained soils increase 
treatment time as a result of binding of contaminants to soil.

Technically implementable. However, particles size screening, 
dewatering to achieve acceptable moisture content, and off-
gas treatment may be required.

High capital. High O&M. Lower cost than 
incineration.

High cost relative other ex situ 
technologies.  Extensive preparation for 
treatment will be required.  Not retained.

Biological 
Treatment

Biopiles Excavated soils are mixed with soil amendments and placed on a treatment 
area that includes leachate collection systems and a form of aeration.

Solid-phase (soil) process is most effective for non-
halogenated VOCs and fuel hydrocarbons. Not effective for 
metals.

Difficult to implement. Treatment area may require complete 
enclosure. Addition of amendment material results in 
volumetric increase in treated material. Leachate and off-gas 
may require treatment.

Moderate capital and O&M. Moderate cost 
relative to other ex situ biological options.

Limited effectiveness for some 
halogenated VOCs, not effective for 
metals and difficult to implement. Not 
retained.

Composting Controlled biological process by which excavated soils are mixed with 
bulking agents and organic amendments to enhance microorganism 
conversion of organic contaminants to innocuous, stabilized byproducts.

Most effective for treatment of fuels and PAHs. Not 
effective for treatment of metals.

Difficult to implement. Treatment area may require complete 
enclosure. Addition of amendment material results in 
volumetric increase in treated material. Off-gas may require 
treatment.

Moderate capital and O&M. Moderate cost 
relative to other ex situ biological options.

Difficult to implement. Generally not cost 
effective for volatile compounds 
compared to other in situ technologies.  
Not retained.

Bioventing Oxygen is supplied through direct low-flow air injection into residual 
contamination in soil.

Effective in higher permeability soil for petroleum 
hydrocarbons and non-halogenated VOCs amenable to 
aerobic bioremediation.  Degradation is relatively slow. 
Ineffective for inorganics and non-degradable organic 
constituents.  

Technically implementable. Monitoring of off-gasses at ground 
surface may be required.  Venting requires infrastructure of air 
injection piping, blower, controls, etc.   

Moderate capital and O&M. Low cost 
relative to other in situ options.

Slow technology.  Not effective for metals
or other recalcitrant contaminants.  Not 
retained.

Natural Attenuation Natural processes such as volatilization, biodegradation, adsorption, and 
chemical reactions with soil materials can reduce contaminant 
concentrations to acceptable levels.

Generally not effective for quickly reducing risk to human 
health and ongoing threats to groundwater.  Shallow metals 
can be reduced through natural uptake by native plants.   
Effectiveness is highest in combination with other 
technologies as a final step to achieve cleanup levels when 
risks to human health and the environment are low.

Technically implementable. Monitoring may be required to 
ensure adequate reduction rate.  May require institutional 
controls during treatment period.  

Negligible capital. Low O&M. Low cost 
relative to other in situ options.

Slow technology.  Can be effective for 
areas of residual hydrocarbons in soil 
and groundwater.  Not retained as a 
primary technology.

Phytoremediation Phytoextraction Plants, called "Hyperaccumulators" have the capacity to extract and store 
large amounts of contaminants (metals, hydrocarbons etc.) from soil and 
use them as nutrients during metabolism. Phytoremediation typically 
involves interaction of plant roots and microorganisms associated with them 
to remediate soil. Phytoextraction applicability has been demonstrated for 
individual site contaminants, but the effectiveness at treating all of the target 
metals under site conditions is unproven.

Technology has been effective in laboratory or field studies 
for removal of arsenic, copper, iron, nickel, and zinc.  Most 
effective for treatment of sites with low to moderate levels 
of shallow soil contamination over large areas.  The 
combined suite of metals present at the site, in addition to 
high concentrations of iron, may be treatable but would 
require extensive pilot testing over a long period to confirm.

Technically implementable. However, there has been little 
commercial application. Soil amendments including use of 
fertilizers, water, chelating agents to assist binding, and 
disposal of accumulated waste materials or plant materials 
may be necessary.  Pilot testing that would be required will 
significantly delay implementation of full-scale remediation.

Moderate capital and O&M. High cost 
relative to other in situ options.

Site use would be amenable to plantings, 
but would require removal of existing 
plants.  Effectiveness not certain without 
completion of long-term field pilot testing. 
Not retained. 

Soil Flushing The extraction of contaminants from soil with aqueous solution 
accomplished by passing fluid through in-place soils using an injection or 
infiltration process.  Extraction fluids must be recovered from underlying 
aquifer.

Effective for VOCs and inorganic chemicals. Presence of 
fine grained soils limits effectiveness.

Technically implementable. However, there has been little 
commercial application.  Regulatory concerns over potential to 
wash contaminants beyond fluid capture zones and 
introduction of surfactants in to the subsurface make permitting
difficult.

High capital and O&M. High cost relative 
to other in situ options.

High cost relative to other in situ soil 
treatment technologies. Not retained.

Soil Vapor Extraction Vacuum is applied through extraction pipes to create a 
pressure/concentration gradient in impacted areas, which induces gas-
phase volatiles to diffuse through soil to extraction wells.  The process 
includes a system for treating off-gas.  Air flow also induces aerobic 
bioremediation of petroleum hydrocarbons.

Effective for VOCs in granular soils. Presence of fine 
grained soils reduces effectiveness. Not significantly 
effective for heavier hydrocarbons or in low permeability 
soil. Ineffective for inorganics and non-volatile organic 
constituents. 

Technically implementable. Typical application involves 
numerous extraction wells, conveyance piping, and large scale 
vacuum blowers.  

High capital and O&M. High cost relative 
to other in situ options.

Generally not effective for non-volatile 
contaminants.  Not retained.

TABLE 23
PRELIMINARY REMEDIAL TECHNOLOGY SCREENING

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
(SHADED REMEDIAL TECHNOLOGIES ARE RETAINED FOR FURTHER EVALUATION)

Physical/Chemical 
Treatment

Soil Removal with Ex 
Situ Soil Treatment

 DRAFT RI/FS

In Situ Soil Treatment

Biological 
Treatment

Physical/Chemical 
Treatment

UPLAND SOIL
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General Response 
Action

Remediation 
Technology Process Option Description Effectiveness Implementability Relative Cost Summary of Screening

Applicable Site Sub-Unit (s)
(Sediment Remediation Area, Former 

AST Area, TP08 Vicinity, Power 
House Complex, and Steel 

Production Building)

TABLE 23
PRELIMINARY REMEDIAL TECHNOLOGY SCREENING

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON
(SHADED REMEDIAL TECHNOLOGIES ARE RETAINED FOR FURTHER EVALUATION)

 DRAFT RI/FS

No Action No Action None No institutional controls or treatment. Not effective for protecting human health and environment. Implementable but not acceptable to the general public or 
government agencies. 

None Sometimes used as a baseline for 
comparison.  Not retained.

Applicable for sediment in the Sediment 
Remediation Area.

Sediment 
Containment

Capping Surface Cap Containment for sediments involves placing an engineered aggregate cap to 
isolate material that could otherwise not be effectively removed through 
excavation or dredging.  In the aquatic environment, the cap must be 
designed to withstand erosive forces generated by wave action, and must 
be thick enough to provide the required isolation of the material contained by 
the cap.

Effective for preventing direct contact exposure and for 
containing source material from erosion.  Aquatic caps are 
designed using methods developed by the U.S. Army Corps
of Engineers. Digging (such as for clams) would need to be 
prohibited in capped areas.

Technically implementable.  Aquatic caps have been 
successfully constructed in multiple Puget Sound locations.

Moderate capital.  Potentially moderate 
O&M depending on the design of the cap 
to resist wave erosion.

Applicable for containment of deeper 
contaminated soil/sediment. Retained.

Applicable for containment of deeper 
contaminated sediment in the Sediment 
Remediation Area. 

Removal/Disposal at 
Landfill

Excavation/Dredging with 
Disposal at Landfill and 
backfill with habitat mix

Excavation of impacted material using common excavation methods.  
Removal  of sediments could be performed from the water using barge-
mounted excavation equipment (i.e. dredging), or from the land at low tide 
using land-based earthwork equipment. Transport and disposal of impacted 
sediment at a permitted, off-site landfill. 

Effective for complete range of contaminant groups.  
Dredging is considered in conjunction with capping where 
the target sediments cannot be completely removed due to 
access issues. 

Technically implementable.  Dredging is commonly used in the 
marine environment to remove impacted sediments.   
Impacted sediment must be profiled to verify that the materials 
meet land disposal restrictions.

Moderate to high capital. Potentially 
moderate O&M depending on the nature 
of any cap that is required. 

Common removal and disposal method 
for contaminated sediment.  Retained.

Applicable for sediment in the Sediment 
Remediation Area.

Removal/Open-water 
disposal at a suitable non-
dispersive DMMP site

Excavation/Dredging and 
transport with bottom-
dump barge release

Excavation of impacted material using common excavation methods.  
Removal  of sediments could be performed from the water using barge-
mounted excavation equipment (i.e. dredging), or from the land at low tide 
using land-based earthwork equipment. Sediments targeted for open-water 
disposal would require a suitability determination from the DMMP. 

Approval for open-water disposal expected to be difficult for 
high-concentration TPH sediments.  Dredging is considered 
in conjunction with capping where the target sediments 
cannot be completely removed due to access issues. 

Technically implementable.  Impacted sediment must be 
profiled to verify that the materials meet DMMP suitability 
criteria.  Dredging is commonly used in the marine 
environment to remove impacted sediments.

Low to moderate capital cost depending 
on the degree of rehandling required.  
Potentially moderate O&M depending on 
the nature of any cap that is required. 

Approval for open water disposal of site 
sediments expected to be difficult.  Not 
Retained.

In Situ Sediment  
Treatment

Biological 
Treatment

Natural Attenuation Natural biotransformation processes such as biodegradation and 
sedimentation can reduce contaminant concentrations to acceptable levels 
over time.

Generally not effective for quickly reducing risk from 
contaminants in the aquatic environment.

Technically implementable. Monitoring may be required to 
ensure adequate reduction rate.  May require institutional 
controls during treatment period.  

Negligible capital. Low O&M. Slow technology that may not be 
effective for treatment of areas of higher 
lower concentrations of contaminants. 
Not Retained.

SEDIMENT
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Sediment 
Removal/Disposal
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ALTERNATIVE 1
(Institutional Controls)

ALTERNATIVE 2
(Capping - All Sub-Units)

ALTERNATIVE 3
(Excavation + Institutional Controls)

ALTERNATIVE 4
(Excavation + Capping)

ALTERNATIVE 5
(Excavation - All Sub-Units)

Institutional Controls with Limited Action 

Capping:  Sediment Remediation Area, Former AST Area, TP08 
Vicinity, Power House Complex and Steel Production Building

Natural Attenuation of Petroleum in Groundwater.

Excavation: Sediment Remediation Area, Former AST 
Area, and TP08 Vicinity

Institutional Controls: Steel Production Building and 
Power House Complex

Excavation: Sediment Remediation Area, Former AST 
Area and TP08 Vicinity

Capping: Steel Production Building and Powerhouse 
Complex

Excavation:  Sediment Remediation Area, Former AST 
Area, TP08 Vicinity, Power House Complex and Steel 

Production Building

Upland Soil Areas (Steel 
Production Building and 
Power House Complex)

Soil Exceeding 
Human Health 
and Ecological 
Cleanup Levels 

Metals

Prevent human and terrestrial 
ecological contact with soil 
containing contaminants above 
proposed cleanup levels based on 
risk to respective receptors. 

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

- Install cap across areas with contaminants above human health and 
ecological risk-based cleanup levels.  Cap to be designed as 
permeable exposure barrier for human and ecological receptors.

-Implement deed notifications to inform future owners of the presence 
of potentially hazardous substances at the site and /or Implement deed 
restrictions to restrict future use of site.  Implement signage to notify 
site users of restricted activities in capped areas.

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of remaining 
contamination in soil.

- Excavate the hot spots (soil exceeding human health  
cleanup levels) in the former buildings and work areas to 
achieve site cleanup levels.  Backfill to restore original 
land topography, restore site features and surfaces.

-  Dispose of contaminated soil at approved off-site 
disposal landfill based on contaminant concentrations.

TP-08 Vicinity

Soil Exceeding 
Human Health 
and Ecological 
Cleanup Levels 

Metals

Prevent human and terrestrial 
ecological contact with soil 
containing contaminants above 
proposed cleanup levels based on 
risk to respective receptors. 

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

- Install cap across areas with contaminants above human health and 
ecological risk-based cleanup levels.  Cap to be designed as 
permeable exposure barrier for human and ecological receptors.

'-Implement deed notifications to inform future owners of the presence 
of potentially hazardous substances at the site and /or Implement deed 
restrictions to restrict future use of site.  Implement signage to notify 
site users of restricted activities in capped areas.

- Excavate contaminated soil in TP-08 metal 
contamination hot spot to a depth of 6-feet.  Dispose of 
soil at approved off-site landfill.  Backfill and restore to 
original grade. 

- Excavate contaminated soil in TP-08 metal 
contamination hot spot to a depth of 6-feet.  Dispose of 
soil at approved off-site landfill.  Backfill and restore to 
original grade. 

- Excavate contaminated soil in TP-08 metal 
contamination hot spot to a depth of 6-feet.  Dispose of 
soil at approved off-site landfill.  Backfill and restore to 
original grade. 

6,000 Barrel AST Area

Soil Exceeding 
Human Health 
and Ecological 
Cleanup Levels 

TPH, Metals

Prevent human and terrestrial 
ecological contact with soil 
containing contaminants above 
proposed cleanup levels based on 
risk to respective receptors. 

Remove soil with high residual TPH 
with potential to cause contamination 
of adjacent marine sediments.  

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

- Install cap across areas with contaminants above human health and 
ecological risk-based cleanup levels.  cap to be designed as permeable
exposure barrier for human and ecological receptors.

-Implement deed notifications to inform future owners of the presence 
of potentially hazardous substances at the site and /or Implement deed 
restrictions to restrict future use of site.  Implement signage to notify 
site users of restricted activities in capped areas.

- Excavate soil in the AST area to a depth of 11 feet bgs 
exceeding human health and terrestrial ecological 
cleanup levels.

-  Dispose of contaminated soil at approved off-site 
disposal landfill based on contaminant concentrations.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Restore shoreline where excavated.

- Excavate soil in the AST area to a depth of 11 feet bgs 
exceeding human health and terrestrial ecological 
cleanup levels.

-  Dispose of contaminated soil at approved off-site 
disposal landfill based on contaminant concentrations.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Restore shoreline where excavated.

- Excavate soil in the AST area to a depth of 11 feet bgs 
exceeding human health and terrestrial ecological 
cleanup levels (depth based on known contamination at 
TP26/DP02).

-  Dispose of contaminated soil at approved off-site 
disposal landfill based on contaminant concentrations.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Restore shoreline where excavated.

Intertidal Sediment

Sediments 
Exceeding SMS 

Criteria and Risk-
Based Cleanup 

levels

TPH, PAHs Prevent human and ecological 
exposure to contaminated sediment.

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

- Remove upper layer of sediment to the extent required to place cap 
material without altering marine topography

- Install cap and armoring material across areas with contaminants 
above cleanup levels in sediments to prevent further erosion of 
contaminated sediment.

-Implement deed notifications to inform future owners of the presence 
of potentially hazardous substances at the site and /or Implement deed 
restrictions to restrict future use of site.  Prohibit digging in capped 
areas.

- Remove sediments exceeding cleanup levels ranging 
from 2 to 7 feet below mud line using a barge-mounted 
clamshell dredge, or from the shore at low tide using 
land-based earthwork equipment.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Transport and dispose of contaminated  sediment at an 
approved off-site disposal landfill.  

- Remove sediments exceeding cleanup levels ranging 
from 2 to 7 feet below mud line using a barge-mounted 
clamshell dredge, or from the shore at low tide using 
land-based earthwork equipment.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Transport and dispose of contaminated  sediment at an 
approved off-site disposal landfill.  

- Remove sediments exceeding cleanup levels ranging 
from 2 to 7 feet below mud line using a barge-mounted 
clamshell dredge, or from the shore at low tide using 
land-based earthwork equipment.

- Backfill to restore original land topography, restore site 
features and surfaces.

- Transport and dispose of contaminated  sediment at an 
approved off-site disposal landfill.  

Groundwater

Groundwater 
Exceeding 

Groundwater 
Cleanup Levels

TPH, PAHs, Metals
Remove free product with potential 
to cause contamination of adjacent 
Marine Area sediments.  

-Implement deed notifications to inform future owners of 
the presence of potentially hazardous substances at the 
site and /or Implement deed restrictions to restrict future 
use of site.

-Implement signage to notify site users of restricted 
activities

- Monitor a minimum of quarterly for one year following completion of 
soil remedial action; perform long-term monitoring as required by 
Ecology.

- Remove free product to the extent feasible, when 
encountered during excavation at the AST and intertidal 
areas.

- Monitor a minimum of quarterly for one year following 
completion of soil remedial action; perform long-term 
monitoring as required by Ecology.

- Remove free product to the extent feasible, when 
encountered during excavation at the AST and intertidal 
areas..

- Monitor a minimum of quarterly for one year following 
completion of soil remedial action; perform long-term 
monitoring as required by Ecology.

- Remove free product to the extent feasible, when 
encountered during excavation at the AST and intertidal 
areas..

- Monitor a minimum of quarterly for one year following 
completion of soil remedial action; perform long-term 
monitoring as required by Ecology.

PRELIMINARY REMEDIAL ALTERNATIVES
TABLE 24

IRONDALE IRON AND STEEL PLANT, IRONDALE, WASHINGTON

Site Subunit Matrix

Contaminants 
Exceeding 
Proposed 

Cleanup Levels Objective

PRELIMINARY CLEANUP ACTION ALTERNATIVE COMPONENTS

DRAFT RI/FS
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TABLE 25
EVALUATION OF CLEANUP ACTION ALTERNATIVES

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT

IRONDALE, WASHINGTON

ALTERNATIVE 1
(Institutional Controls)

ALTERNATIVE 2
(Capping - All Sub-Units)

ALTERNATIVE 3
(Excavation + Institutional Controls)

ALTERNATIVE 4
(Excavation + Capping)

Alternative Description - Institutional controls and limited action.

'-Implement deed notifications to inform future owners of the presence of potentially hazardous 
substances at the site and /or Implement deed restrictions to restrict future use of site.

- Install cap across upland and sediment areas with contaminants above human health and 
ecological risk-based cleanup levels.  Cap to be designed as permeable exposure barrier for 
human and ecological receptors.

-Implement deed notifications to inform future owners of the presence of potentially hazardous 
substances at the site and /or Implement deed restrictions to restrict future use of site.  
Implement signage to notify site users of restricted activities in capped areas.

- Excavate to the extent feasible, soil to a depth of 11 ft BGS in the Former AST Area 
exceeding human health and terrestrial ecological cleanup levels.

- Excavate to the extent feasible, soil to a depth of 6 ft BGS in the TP08 Vicinity area exceeding 
human health and terrestrial ecological cleanup levels.

- Dredge or Excavate sediments to the extent feasible, to a depth of 2 to 7 ft BGS exceeding 
human health and aquatic ecological cleanup levels.

- Dispose of contaminated soil and sediments at approved off-site disposal facility based on 
contaminant concentrations.

- Backfill to restore original land topography, restore site features and surfaces.

-Implement signage, deed notifications and institutional controls for the power house complex 
and steel production building areas.

-Monitor groundwater a minimum of quarterly for one year following completion of soil remedial 
action; perform long-term monitoring as required by Ecology.

- Excavate to the extent feasible, soil to a depth of 11 ft BGS in the Former AST Area 
exceeding human health and terrestrial ecological cleanup levels.  

- Excavate to the extent feasible, soil to a depth of 6 ft BGS in the TP08 Vicinity area exceeding 
human health and terrestrial ecological cleanup levels.

- Dredge or Excavate sediments to the extent feasible, to a depth of 5 ft BGS exceeding human 
health and aquatic ecological cleanup levels.

- Dispose of contaminated soil and sediments at approved off-site disposal facility based on 
contaminant concentrations.

- Backfill to restore original land topography, restore site features and surfaces.

- Install geotextile fabric and soil cap across the power house complex and steel production 
building areas.

-Implement deed notifications and institutional controls for the power house complex and steel 
production building areas.

- Monitor groundwater a minimum of quarterly for one year following completion of soil remedial 
action; perform long-term monitoring as required by Ecology.

Alternative Ranking Under MTCA
1. Compliance with MTCA Threshold Criteria

Protection of Human Health and the 
Environment

No - This alternative would not be protective of human health and the environment because it 
would leave a significant amount of contaminated soil and sediments in place at shallow depths 
along the shoreline.  

Yes - Alternative would protect human health and the environment through a combination of 
capping  and institutional controls.

Yes - Alternative would protect human health and the environment through a combination of 
removal and institutional controls.

Yes - Alternative would protect human health and the environment through a combination of 
removal of the highest concentrations of contaminants in upland soil near the shoreline as well 
as within the marine environment.  

Compliance With Cleanup Standards No - This alternative would not comply with cleanup standards because it would leave a 
significant amount of contaminated soil and sediments in place at shallow depths along the 
shoreline.

Yes - This alternative would require acceptance of the use of alternative points of compliance 
for measurement of compliance with cleanup standards.  Immobilizing site contaminants using 
capping would include long term monitoring to ensure compliance with cleanup standards at the 
conditional points of compliance.

Yes - Alternative is expected to comply with cleanup standards in the most accessible portions 
of the site, while contamination in upland areas away from the shoreline (power house complex 
and steel production building areas) are addressed using institutional controls to prevent 
exposure to soil left in place.

Yes - Alternative is expected to comply with cleanup standards in the most accessible portions 
of the site, while contamination in upland areas away from the shoreline (power house comlex 
and steel production building areas) are addressed by capping in place.

Compliance With Applicable State and 
Federal Regulations

No - This alternative would not comply with  applicable state and federal regulations because it 
would leave a significant amount of contaminated soil and sediments in place at shallow depths 
along the shoreline.

Yes - Alternative complies with applicable state and federal regulations. Future development of 
property could potentially require additional environmental cleanup or special provisions

Yes - Alternative complies with applicable state and federal regulations in all areas of the site 
except the power house complex and steel production building areas.  Future development of 
property could potentially require additional environmental cleanup or special provisions.

Yes - Alternative complies with applicable state and federal regulations in all areas of the site 
except the power house complex and steel production building areas.  Future development of 
property could potentially require additional environmental cleanup or special provisions.

Provision for Compliance Monitoring Yes - This Alternative allows for compliance monitoring through the use of traditional 
groundwater monitoring as well as regular soil and sediment sampling.

Yes - Alternative includes provisions for monitoring of groundwater to assess natural 
attenuation processes and sediment to ensure cap function.

Yes - Alternative includes provisions for compliance groundwater monitoring. Yes - Alternative includes provisions for compliance groundwater monitoring.

2. Restoration Time Frame
Initial restoration time frame is relatively short.  However, potential future maintenance of 
institutional controls and coordination of proper handling and disposal of contaminated soil 
during future site development may extend the restoration time frame of this alternative.

Initial restoration time frame is relatively short.  This alternative is expected to require two to 
three years for design and construction.  The time frame for long-term monitoring is unknown.   
Potential future maintenance of institutional controls and coordination of proper handling and 
disposal of contaminated soil during future site development may extend the restoration time 
frame of this alternative.

Initial restoration time frame is relatively short.  This alternative is expected to require two to 
three years for design and construction.  The time frame for long-term monitoring is unknown.  
Potential future maintenance of institutional controls and coordination of proper handling and 
disposal of contaminated soil during future site development may extend the restoration time 
frame of this alternative.

Initial restoration time frame is relatively short.  This alternative is expected to require two to 
three years for design and construction.  The time frame for long-term monitoring is unknown.   
Potential future maintenance of institutional controls and coordination of proper handling and 
disposal of contaminated soil during future site development may extend the restoration time 
frame of this alternative.

3. Disproportionate Cost Analysis Relative Benefits Ranking (Scored from 1-lowest to 5-highest)
Protectiveness Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 2

Achieves a medium-low level of overall protectiveness as a result of capping in place of the 
contaminated soil and sediments at the Site. Most upland soil would be effectively isolated from 

site users, but the reliability of notification methods as the primary prevention method at an 
uncontrolled site is questionable.  

Score = 3

Achieves a medium level of overall protectiveness as a result of removal of majority of 
contaminated soil in areas that are most accessible and nearest the shoreline.  However, this 

alternative would leave in place the contaminated soil in the power house complex and the steel 
production building area, which will be addressed through implementation of institutional 

controls such as signage and deed restrictions.

Score = 4

Achieves a medium-high level of overall protectiveness as a result of removal of majority of 
contaminated soil in areas that are most accessible and nearest the shoreline.  However, this 

alternative would leave in place the contaminated soil in the power house complex and the steel 
production building area, which will be addressed by capping the contamianted soil in place to 

reduce the potential for exposure.
Permanence Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 2

Achieves permanent reduction of toxicity and mobility of hazardous substances at the Site 
without overall reduction of mass.  The quantity of impacted soil and sediments  allowed to 

remain on site is greater than with Alternatives 3 through 6.

Score = 4

Achieves permanent reduction of mass, toxicity, and mobility of hazardous substances at the 
Site, but to a lower degree than Alternative 5.  The quantity of impacted soil  allowed to remain 

on site is greater than with Alternative 5.

Score = 3

Achieves permanent reduction of mass, toxicity, and mobility of hazardous substances at the 
Site, but to a lower degree than Alternatives 4 and 5.  The quantity of impacted soil  allowed to 

remain on site is greater than with Alternatives 4 and 5.
Long-Term Effectiveness Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 2

Prevents human and ecological contact to the contaminated soil and sediments but; does not 
remove hazardous substances from the Site.  Effectiveness on a long term relies on monitoring 

and maintenance of capped areas. 

Score = 4

Removes the majority of hazardous substances from the Site and utilizes approved off-site 
disposal facilities for final disposition, but leaves soil on site that exceeds cleanup levels.  The 

use of institutional controls reduces the risk to human health and the environment from the 
residual contamination left in place. Future development may require modification of the 

remedy.

Score = 3

Removes portion of hazardous substances from the Site and utilizes approved off-site disposal 
facilities for final disposition, but leaves soil on site that exceeds cleanup levels.  The use of 
institutional controls reduces the risk to human health and the environment from the residual 

contamination left in place. Future development may require modification of the remedy.

Management of Short-Term Risks Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 4

Involves capping of soils and sediments in the areas of park currently used by the public. 
However, the earthwork methods required under this alternative are well established and 

capable of reducing short-term risks.

Score = 3

Involves extensive soil removal across the upland areas, and sediment dredging using earth 
based equipment, including excavation in the park areas currently used by the public.  

However, the excavation methods required to achieve the level of removal under this alternative 
are well established and capable of minimizing short-term risks. 

Score = 3

Involves extensive soil removal across the upland areas, and sediment dredging using earth 
based equipment, including excavation in the park areas currently used by the public.  

However, the excavation methods required to achieve the level of removal under this alternative 
are well established and capable of minimizing short-term risks. 

Technical and Administrative Implementability Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 4
Capping of upland areas will require clearing of trees and other vegetation to allow placement 
of geotextile and fill but generally utilizes common earthwork methods.  Temporary site closure 

to public would allow facilitation of project.  

Score = 3

Utilizes the same general construction methods as Alternatives 4 through 6.  Temporary site 
closure to public would allow facilitation of project.  

Score = 3

Utilizes the same general construction methods as Alternatives 4 through 6.  Temporary site 
closure to public would allow facilitation of project.  

Consideration of Public Concerns Not Applicable - Alternative does not meet MTCA threshold criteria. Score = 3

Addresses the exposure of human and ecological contact to the contaminated soil and 
sediments. The remaining contaminated soil left in place would require maintenance of 
institutional controls and impose limitations on future use and development of the public 

property.

Score = 4

Addresses the most accessible soil and sediments that poses the greatest risk to human health 
and the environment.  The remaining contaminated soil left in place would require maintenance 

of institutional controls and impose limitations on future use and development of the public 
property.

Score = 4

Addresses the most accessible soil and sediments that poses the greatest risk to human health 
and the environment.  The remaining contaminated soil left in place would require maintenance 

of institutional controls and impose limitations on future use and development of the public 
property.
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TABLE 25
EVALUATION OF CLEANUP ACTION ALTERNATIVES

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT

IRONDALE, WASHINGTON

Alternative Description

Alternative Ranking Under MTCA
1. Compliance with MTCA Threshold Criteri

Protection of Human Health and the 
Environment

Compliance With Cleanup Standards

Compliance With Applicable State and 
Federal Regulations

Provision for Compliance Monitoring

2. Restoration Time Frame

3. Disproportionate Cost Analysis Relative B
Protectiveness

Permanence

Long-Term Effectiveness

Management of Short-Term Risks

Technical and Administrative Implementability

Consideration of Public Concerns

ALTERNATIVE 5
(Excavation - All Sub-Units)

- Excavate to the extent feasible, soil to a depth of 11 ft BGS in the AST area exceeding human 
health and terrestrial ecological cleanup levels.

- Excavate to the extent feasible, soil to a depth of 6 ft BGS in the TP-08 vicinity area exceeding 
human health and terrestrial ecological cleanup levels.

- Excavate to the extent feasible, soil to a depth of 6 ft BGS in the power house complex area 
exceeding human health and terrestrial ecological cleanup levels.

- Excavate to the extent feasible, soil to a depth of 3 ft BGS in the steel production building area 
exceeding human health and terrestrial ecological cleanup levels.

- Dredge or Excavate sediments to the extent feasible, to a depth of 5 ft BGS exceeding human 
health and aquatic ecological cleanup levels.

- Dispose of contaminated soil and sediments at approved off-site disposal facility based on 
contaminant concentrations.

-Monitor groundwater a minimum of quarterly for one year following completion of soil remedial 
action; perform long-term monitoring as required by Ecology.

Yes - Alternative would protect human health and the environment through a combination of 
removal and incompliance monitoring.

Yes - Alternative is expected to comply with cleanup standards as negotiated with Ecology. 

Yes -  Alternative complies with applicable state and federal regulations in all portions of the 
site.

Yes - Alternative includes provisions for compliance groundwater monitoring.

Initial restoration time frame is relatively short.  This alternative is expected to require two to 
three years for design and construction.  The time frame for long-term monitoring is unknown.  
Potential future maintenance of institutional controls and coordination of proper handling and 
disposal of contaminated soil during future site development may extend the restoration time 
frame of this alternative.

Score = 5

Achieves a high level of overall protectiveness as a result of excavation in all contaminated 
portions of the site and removal of contaminated soil and sediments to the extent feasible.  

Score = 5

Achieves permanent reduction of mass, toxicity, and mobility of hazardous substances at the 
Site, in soil and sediments to a degree higher than all other alternatives.  

Score = 5

Removes the majority of hazardous substances from the Site and utilizes approved off-site 
disposal facilities for final disposition.  Leaves the least mass of soil on site that exceeds 

cleanup levels. 

Score = 3

Involves extensive soil removal across the entire upland area, and sediment dredging using 
earth based equipment, including excavation in the park areas currently used by the public.  

However, the excavation methods required to achieve the level of removal under this alternative 
are well established and capable of minimizing short-term risks. 

Score = 2

Utilizes the same general construction methods as Alternatives 3 and 4, with the addition of 
excavaiton being performed in the vicinity of the steel production building, lowering the relative 

implementability.    Temporary site closure to public would allow facilitation of project.  

Score = 4

Addresses all areas of contamination in soil and sediments on the site.  Aggressiveness of 
alternative results in significant interruptions of usability of the site by the public.  
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ITEM PLAN UNIT AMOUNT
No. DESCRIPTION QUANT UNIT PRICE (2009$) NOTE

Design, Permitting, and Administrative Costs

1 Design and Permitting 1 LS $75,000.00 $75,000 Prepare design, contracting documents, permit applications for in-water work.

2 Institutional Controls 1 LS $50,000.00 $50,000 Develop restrictive covenants for contamination left in place, implement signage and 
other notifications.

$125,000
Pre-Construction Total $125,000

Mobilization and Site Preparation

3 Mobilization/Site Controls/Demobilization 1 LS $4,500.00 $4,500

4 Erosion control 1 LS $2,500.00 $2,500
5 Demolition 1 LS $5,000.00 $5,000
6 Site Restoration 1 LS $10,000.00 $10,000

$22,000
Soil and Sediment Capping

7 Clearing and Grubbing upland cap area 1.4 Acre $7,500.00 $10,900
8 Install upland geotextile 7,014 SY $2.25 $15,800
9 Place 2-foot lift of fill in Upland cap areas 4,676 CY $17.00 $79,500
10 Dredge/Excavate upper 2-foot of sediment below MHHW 519 CY $15.00 $7,800

11 Contaminated Soil (non-haz) Transport and Disposal at approved off-site facility 933 TON $81.67 $76,200 Basis: Wyser Bid - 2009

12 Purchase, Place and Compact Granular Marine Backfill Material 130 CY $32.00 $4,100
13 Purchase, Place and Compact Rock/Armor Backfill Material 389 CY $48.00 $18,700

$213,000
Groundwater Monitoring

14 Perform initial 4 quarterly monitoring events, monitor for TPH, cPAHs and 
metals only 4 Ea $2,200.00 $8,800 Based on recent groundwater sampling costs at the site.

15 Perform annual monitoring events for 5 years, monitor for TPH, cPAHs and 
metals only 5 Ea $2,200.00 $9,525 Total cost is discounted for net present value based on 5% discount rate.

$18,325
Contractor Overhead (Based on total of Tasks 1-22) 10.00% % $44,082
Sales Tax 8.2% % $39,762 Sales Tax applied to sum of construction items and construction overhead.
Total Purchase and Installation Subtotal $524,670
Construction Management and Field Monitoring 10.0% % $52,467
Construction Contingency (Concept design level) 15.0% % $86,571 Low contingency associated with more simple remedy.

Construction Total $663,707

OVERALL PROJECT TOTAL COSTS $789,000 Costs for removing slag outcrop material associated with shoreline 
restoration activities are not included in overall project costs.

Unit cost based on bid costs for similar project in NW Washington.

Wyser Construction cost estimate, April 2009

Subtotal

TABLE 26
COST ESTIMATE - REMEDIAL ALTERNATIVE 2 (CAPPING)

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT

IRONDALE, WASHINGTON

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Appendix H - Remedial Alternative Cost Estimates\App H - Cost Estimates - Remedial Alternatives.xls

Subtotal

Subtotal

Unit cost based on bid costs for similar project in NW Washington.
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ITEM PLAN UNIT AMOUNT
No. QUANT PRICE (2009$)

Design, Permitting, and Administrative Costs

1 Design and Permitting 1 LS $100,000.00 $100,000 Prepare design, contracting documents, permit applications for in-water work.  
Increased complexity of design relative to Alternative 2.

2 Institutional Controls 1 LS $40,000.00 $40,000 Develop restrictive covenants for contamination left in place, implement signage and 
other notifications. Reduced scope of covenants for upland areas.

$140,000
Pre-Construction Total $140,000

Mobilization, Site Preparation, Site Restoration
3 Mobilization/Site Controls/Demobilization 1 LS $4,500.00 $4,500
4 Erosion control 1 LS $2,500.00 $2,500
5 Demolition 1 LS $5,000.00 $5,000
6 Site Restoration 1 LS $10,000.00 $10,000

$22,000
Soil and Sediment Removal, Backfill, and Pavement Restoration

7 Installation of Sheet Pile Wall 6,000 SF $18.70 $112,200

Assume temporary sheet pile along shoreline and adjacent to the AST TPH areas 
requiring remedial action (See Fig. 14). Assumed sheet pile wall 300 feet long and  20 
feet deep. Unit cost based on Means 2005 estimates (20 feet deep excavation, 27 psf, 
drive.

8 Excavation Dewatering 1 LS $75,000.00 $75,000 Pump, Temporary Storage, and Disposal.  Dewatering expected to be required for AST 
and sediment removal

9 Excavate and stockpile Soil (0'-6' bgs) TP-08 area 3,840 CY $10.00 $38,400
Total of all soil excavated.  Assume 20% expansion above in-place volume.  Cost 
includes excavation and stockpile. Unit cost for excavation based on average of two 
bids (Wyser and Clean Harbor).

10 Excavate and stockpile Soil (0'-11' bgs) AST area 1,626 CY $10.00 $16,300
11 Excavate and stockpile sediment (0'-5' bgs) Intertidal area 1,556 CY $10.00 $15,600

12 Contaminated Soil (non-haz) Transport and Disposal at approved off-site facility 11,234 TON $81.67 $917,500
All contaminated soil transport and disposal.  Assume 1.6 ton/CY.  Cost includes 
loading and hauling to a non-haz landfill.  Average of Wyser and Clean Harbor 
estimates.  

13 Purchase, Place and Compact General Backfill Material 10,715 TON $10.00 $107,200
Assume 1.6 ton/CY.  Assume tonnage equal to that of off-site disposal soil minus 2-foot 
lift of granular marine backfill.  Cost includes purchase, filling and compaction.  Unit 
cost based on Clean Harbor estimate.

14 Purchase, Place and Compact Granular Marine Backfill Material 519 CY $32.00 $16,600 2-foot lift of granular backfill to be placed below MHHW over general backfill.
$1,298,800

Groundwater Monitoring

15 Perform 4 quarterly monitoring events, monitor for TPH, cPAHs and metals only 4 Ea $2,200.00 $8,800 Based on recent groundwater sampling costs at the site.

$8,800
Contractor Overhead (Based on total of Tasks 1-22) 10.00% % $132,960
Sales Tax 8.2% % $119,930 Sales Tax applied to sum of construction items and construction overhead.
Total Purchase and Installation Subtotal $1,582,490
Construction Management and Field Monitoring 10.0% % $158,249

Contingency (Concept design level) 20.0% % $348,148 Higher contingency relative to Alternative 2 due to uncertainties associated with 
contaminant extent along shoreline.

Construction Total $2,088,887

OVERALL PROJECT TOTAL COSTS $2,230,000 Costs for removing slag outcrop material associated with shoreline 
restoration activities are not included in overall project costs.

TABLE 27
COST ESTIMATE - REMEDIAL ALTERNATIVE 3 (EXCAVATION + INSTITUTIONAL CONTROLS)

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT

IRONDALE, WASHINGTON

Subtotal

DESCRIPTION UNIT NOTE

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Appendix H - Remedial Alternative Cost Estimates\App H - Cost Estimates - Remedial Alternatives.xls

Subtotal

Subtotal

Wyser Construction cost estimate, April 2009

Subtotal
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ITEM PLAN UNIT AMOUNT
No. QUANT PRICE (2009$)

Design, Permitting, and Administrative Costs

1 Design and Permitting 1 LS $120,000.00 $120,000 Prepare design, contracting documents, permit applications for in-water work.  
Increased complexity of design relative to Alternative 3.

2 Institutional Controls 1 LS $30,000.00 $30,000 Develop restrictive covenants for contamination left in place, implement signage and 
other notifications. Reduced scope of covenants for upland areas.

$150,000
Pre-Construction Total $150,000

Mobilization and Site Preparation
1 Mobilization/Site Controls/Demobilization 1 LS $4,500.00 $4,500
2 Erosion control 1 LS $2,500.00 $2,500
3 Demolition 1 LS $5,000.00 $5,000
4 Site Restoration 1 LS $10,000.00 $10,000

$22,000
Soil and Sediment Removal, Backfill, and Pavement Restoration

5 Installation of Sheet Pile Wall (near-shore sediment area) 6,000 SF $18.70 $112,200

Assume temporary sheet pile along shoreline and adjacent to the AST TPH areas 
requiring remedial action (See Fig. 14). Assumed sheet pile wall 300 feet long and  
20 feet deep. Unit cost based on Means 2005 estimates (20 feet deep excavation, 27 
psf, drive, extract, & salvage).

6 Excavation Dewatering 1 LS $50,000.00 $50,000 Pump, Temporary Storage, and Disposal.  Dewatering expected to be required for 
AST and sediment removal

7 Excavate and stockpile Soil (0'-6' bgs) TP-08 area 3,840 CY $10.00 $38,400
8 Excavate and stockpile Soil (0'-11' bgs) AST area 1,626 CY $10.00 $16,300
9 Excavate and stockpile sediment (0'-5' bgs) Intertidal area 1,556 CY $10.00 $15,600

10 Contaminated Soil (non-haz) Transport and Disposal at approved off-site 
facility 11,234 TON $81.67 $917,500

All contaminated soil transport and disposal.  Assume 1.6 ton/CY.  Cost includes 
loading and hauling to a non-haz landfill.  Average of Wyser and Clean Harbor 
estimates.  

11 Purchase, Place and Compact General Backfill Material 10,715 TON $10.00 $107,200
Assume 1.6 ton/CY.  Assume tonnage equal to that of off-site disposal soil minus 2-
foot lift of granular marine backfill.  Cost includes purchase, filling and compaction.  
Unit cost based on Clean Harbor estimate.

12 Purchase, Place and Compact Granular Marine Backfill Material 519 CY $32.00 $16,600 2-foot lift of granular backfill to be placed below MHHW over general backfill.
$1,273,800

Soil Capping
13 Clearing and Grubbing upland cap area 1.0 Acre $7,500.00 $7,800
14 Install upland geotextile 5,044 SY $2.25 $11,400
15 Place 2-foot lift of fill in Upland cap areas 3,363 CY $20.00 $67,300

$86,500
Groundwater Monitoring

16 Perform 4 quarterly monitoring events, monitor for TPH, cPAHs and metals 
only 4 Ea $2,200.00 $8,800 Based on recent groundwater sampling costs at the site.

$8,800
Contractor Overhead (Based on total of Tasks 1-22) 10.00% % $139,110
Sales Tax 8.2% % $125,477 Sales Tax applied to sum of construction items and construction overhead.
Total Purchase and Installation Subtotal $1,655,687
Construction Management and Field Monitoring 10.0% % $165,569

Contingency (Concept design level) 20.0% % $364,251 Higher contingency relative to Alternative 2 due to uncertainties associated with 
contaminant extent along shoreline.

Construction Total $2,185,507

OVERALL PROJECT TOTAL COSTS $2,340,000 Costs for removing slag outcrop material associated with shoreline 
restoration activities are not included in overall project costs.

UNIT NOTE

Wyser Construction cost estimate, April 2009

Total of all soil excavated.  Assume 20% expansion above in-place volume.  Cost 
includes excavation and stockpile. Unit cost for excavation based on average of two 
bids (Wyser and Clean Harbor).

Subtotal

Subtotal

DESCRIPTION

Unit cost based on bid costs for similar project in NW Washington.  Higher unit cost 
for cap fill, relative to Aternative 2 due to the cap areas are limited to restricted 
upland areas only.
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TABLE 28
COST ESTIMATE - REMEDIAL ALTERNATIVE 4 (EXCAVATION + CAPPING)

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT
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ITEM PLAN UNIT AMOUNT
No. QUANT PRICE (2009$)

Design, Permitting, and Administrative Costs

1 Design and Permitting 1 LS $130,000.00 $130,000 Prepare design, contracting documents, permit applications for in-water work.  
Increased complexity of design relative to Alternative 4.

2 Institutional Controls 1 LS $10,000.00 $10,000 Develop minimal documentation to account for contamination not removed during 
excavation.

$140,000
Pre-Construction Total $140,000

Mobilization and Site Preparation
3 Mobilization/Site Controls/Demobilization 1 LS $4,500.00 $4,500
4 Erosion control 1 LS $2,500.00 $2,500
5 Demolition 1 LS $5,000.00 $5,000
6 Site Restoration 1 LS $10,000.00 $10,000

Subtotal $22,000
Soil and Sediment Removal, Backfill, and Pavement Restoration

7 Installation of Sheet Pile Wall 6,000 SF $18.70 $112,200

Assume temporary sheet pile along shoreline and adjacent to the AST TPH areas 
requiring remedial action (See Fig. 14). Assumed sheet pile wall 300 feet long and  20 
feet deep. Unit cost based on Means 2005 estimates (20 feet deep excavation, 27 psf, 
drive).

8 Excavation Dewatering 1 LS $75,000.00 $75,000 Pump, Temporary Storage, and Disposal.  Dewatering expected to be required for 
AST and sediment removal

9 Excavate and stockpile Soil (0'-3' bgs) steel production building 5,653 CY $10.00 $56,500
10 Excavate and stockpile Soil (0'-6' bgs) power house complex 800 CY $10.00 $8,000
11 Excavate and stockpile Soil (0'-6' bgs) TP-08 area 3,840 CY $10.00 $38,400
12 Excavate and stockpile Soil (0'-11' bgs) AST area 1,626 CY $10.00 $16,300
13 Excavate and stockpile sediment (0'-5' bgs) Intertidal area 1,556 CY $10.00 $15,600

14 Contaminated Soil (non-haz) Transport and Disposal at approved off-site 
facility

21,559 TON $81.67 $1,760,700
All contaminated soil transport and disposal.  Assume 1.6 ton/CY.  Cost includes 
loading and hauling to a non-haz landfill.  Average of Wyser and Clean Harbor 
estimates.  

15 Purchase, Place and Compact General Backfill Material 21,041 TON $10.00 $210,400
Assume 1.6 ton/CY.  Assume tonnage equal to that of off-site disposal soil minus 2-
foot lift of granular marine backfill.  Cost includes purchase, filling and compaction.  
Unit cost based on Clean Harbor estimate.

16 Purchase, Place and Compact Granular Marine Backfill Material 519 CY $32.00 $16,600 2-foot lift of granular backfill to be placed below MHHW over general backfill.
Subtotal $2,309,700
Groundwater Monitoring

17
Perform 4 quarterly monitoring events, monitor for TPH, cPAHs and metals 
only 4 Ea $2,200.00 $8,800 Based on recent groundwater sampling costs at the site.

Subtotal $8,800
Contractor Overhead (Based on total of Tasks 1-22) 10.00% % $234,050

Sales Tax 8.2% % $211,113 Sales Tax applied to sum of construction items 1-22 and construction overhead.

Total Purchase and Installation Subtotal $2,785,663
Construction Management and Field Monitoring 10.0% % $278,566

Contingency (Concept design level) 30.0% % $919,269 Higher 30% contingency used to account for uncertainties associated with shoreline 
excavation and excavation of upland area.

Construction Total $3,983,498

OVERALL PROJECT TOTAL COSTS $4,120,000 Costs for removing slag outcrop material associated with shoreline 
restoration activities are not included in overall project costs.

Total of all soil excavated.  Assume 20% expansion above in-place volume.  Cost 
includes excavation and stockpile. Unit cost for excavation based on average of two 
bids (Wyser and Clean Harbor).
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Subtotal

TABLE 29
COST ESTIMATE - REMEDIAL ALTERNATIVE 5 (EXCAVATION)

DRAFT RI/FS
IRONDALE IRON AND STEEL PLANT

IRONDALE, WASHINGTON

Wyser Construction cost estimate, April 2009
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Alternative Number ALTERNATIVE 1
(Institional Controls)

ALTERNATIVE 2
(Capping - All Sub-

Units)

ALTERNATIVE 3
(Excavation + 

Institutional Controls)

ALTERNATIVE 4
(Excavation + 

Capping)

ALTERNATIVE 5
(Excavation - All 

Sub-Units)
Alternative Ranking Under MTCA

1. Compliance with MTCA Threshold Criteria (1) NO YES YES YES YES

2. Restoration Time Frame Less than one year Two to three years Two to three years Two to three years Two to three years

3. DCA Relative Benefits Ranking -- 4th 3rd 2nd 1st

Protectiveness -- 2 3 4 5

Permanence -- 2 3 4 5

Long-Term Effectiveness -- 2 3 4 5

Management of Short-Term Risks -- 4 3 3 3

Technical and Administrative Implementability -- 4 3 3 2

Consideration of Public Concerns -- 3 4 4 4

Total of Scores -- 17 19 22 24

4. Disproportionate Cost Analysis (DCA)
Probable Remedy Cost (+50%/-30%, rounded) (4) -- $789,000 $2,230,000 $2,340,000 $4,120,000 

Costs Disproportionate to Incremental Benefits -- NA (2) NO NO YES
Practicability of Remedy -- Practicable Practicable Practicable Practicable

Remedy Permanent to Maximum Extent Practicable -- Yes (3) Yes Yes (3) Yes

Overall Alternative Ranking Does not meet threshold 
requirements; not ranked 3rd 2nd 1st

Costs 
disproportionate; 

not ranked
Notes:

1 Noncompliant alternatives were not considered in the DCA (items 3 and 4 in this table).
2 Not applicable since this is the lowest cost alternative.
3 May require modification due to future land use or development.
4 Costs associated with removal of slag outcrop material associated with shoreline restoration activities are not included in Probable Remedy Costs.

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft RI Tables\0504-042-00 Tables 22 - 26.xls

TABLE 30
SUMMARY OF MTCA EVALUATION AND RANKING OF CLEANUP ACTION ALTERNATIVES
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Figure 1

Irondale Iron and Steel Plant
Irondale, Washington
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Data Sources:  ESRI Data & Maps, Street Maps 2005.
Chimacum Creek Tidelands location obtained from "Health Consultation. 
Evaluation of Selected Metals in Irondale Beach Park and Chimacum Creek 
Tidelands Shell Fish."  Irondale, Jefferson County, Washington.  Agency for 
Toxic Substances and Disease Registry.  July 28, 2008.
Notes:
1. The locations of all features shown are approximate.
2. This drawing is for information purposes. It is intended to assist in 
    showing features discussed in an attached document. GeoEngineers, Inc. 
    cannot guarantee the accuracy and content of electronic files. The master 
    file is stored by GeoEngineers, Inc. and will serve as the official record of 
    this communication.
3. It is unlawful to copy or reproduce all or any part thereof, whether for 
    personal use or resale, without permission.
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for infomation purposes.  It is intended to assist in showing features discussed in an attached document.  GeoEngineers, Inc. can not guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Reference: Aerial photo (April 2003) from Jefferson County (http:maps.co.jefferson.wa.us, accessed May 2007).  
Former structures from Hart Crowser (1996).
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Notes:
1. The locations of all features shown are approximate.
2. This drawing is for infomation purposes.  It is intended to assist in showing features discussed in an attached document.  GeoEngineers, Inc. can not guarantee the accuracy and content of electronic files.  The master file
is stored by GeoEngineers, Inc. and will serve as the official record of this communication.

Reference: Aerial photo (April 2003) from Jefferson County (http:maps.co.jefferson.wa.us, accessed May 2007).  
Former structures and Hart Crowser sample locations from Hart Crowser (1996).
Jefferson County sample locations from Jefferson County (2001 and 2007).
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APPENDIX A 
FIELD PROCEDURES AND SOIL BORING LOGS 

1.0  GENERAL SAMPLING PROCEDURES  

This section specifies the field procedures implemented during the RI.   

1.1  UNDERGROUND UTILITY LOCATE 

Prior to drilling and test pit activities, an underground utility locate was conducted in the area of the 
proposed boring and test pit locations in the near shore area of the site to identify any subsurface utilities 
and/or potential underground physical hazards. 

1.2  SURVEYING 

Prior to drilling and test pit activities, a Washington State licensed professional land surveyor established 
temporary benchmarks to delineate the MLLW in the area of the proposed sediment sample locations.  
During the investigation, these benchmarks were used to determine the elevation of explorations.   

1.2.1  Vertical Controls 

Each monitoring well casing rim and ground surface elevation was surveyed by GeoEngineers field 
personnel relative to the temporary benchmarks.  Elevations were surveyed using a laser level, which has 
an accuracy of 0.01 feet. 

1.2.2  Horizontal Controls 

GeoEngineers field personnel recorded the boring/monitoring well, test pit and surface water and 
sediment sampling locations, and other pertinent information, using hand-held Trimble GeoXT GPS units 
during sampling activities whenever possible.  GPS data collected in the field was processed in the office 
using measurements from the nearest reference station to each collection point.  Many of the sample 
locations within the wooded portion of the Site could not be located using the GPS units.  At these 
locations, sample locations were measured from existing landmarks. 

1.3  SOIL SAMPLING 

1.3.1  Test Pits 

The test pits were excavated using a rubber-tire backhoe and a mini-excavator.  A member of 
GeoEngineers’ staff observed subsurface conditions in the test pits and classify soil in general accordance 
with ASTM Standard D-2488.  Exploration logs were prepared for each test pit exploration.  The logs 
included a summary of the soil and groundwater conditions observed, and field screening results.  After 
completion of the test pits, the spoils were returned to the pit in the order they were excavated and 
compacted using the backhoe or excavator bucket.   

Soil samples obtained at depths shallower than 3 feet bgs were obtained directly from the test pit 
sidewalls using newly gloved nitrile hands.  Soil in the exposed test pit sidewalls was not sampled 
because it was contacted by the excavator bucket.  This “surficial” soil was removed using newly gloved 
nitrile hands.  The “fresh” soil exposed during this process was then sampled using the procedures 
described above. 
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Test pit soil samples from depths greater than 3 feet bgs were obtained directly from the 
backhoe/excavator bucket.  These samples were obtained from the center of the bucket using the 
procedures described above. 

The samples were placed into laboratory-supplied containers, lightly packed and capped with a plastic lid.  
The sand-sized and finer fractions of the soil were targeted for collection.  Sample containers were 
labeled in the field and stored in an iced cooler prior to and during shipment to the chemical analytical 
laboratory. 

1.3.2  Hand Dug Explorations 

Hand-dug explorations were required in areas inaccessible to mechanized equipment.  Prior to advancing 
the explorations, surface duff and debris was removed.  The explorations were advanced using a shovel or 
hand auger.  The samples were placed in a container provided by the analytical laboratory and submitted 
for chemical analysis based on field screening results.  Each sample container was securely capped, 
labeled and placed in a cooler with ice upon collection. 

1.3.3  Direct Push and Hollow-Stem Auger Borings 

Soil samples were obtained from borings installed for collection of groundwater samples and installation 
of groundwater monitoring wells using direct-push methods.  In addition, soil and sediment samples were 
obtained from borings using hollow-stem auger methods. 

Boring activities were monitored continuously by a technical representative from GeoEngineers who 
observed and classified the soil encountered and prepare detailed field notes.  Soil samples obtained from 
the borings were visually classified in general accordance with ASTM Standard D-2488.  The samples 
were also evaluated for the potential presence of hydrocarbon contamination and iron slag using field 
screening techniques.  Observations of soil and groundwater conditions and soil field screening results for 
each exploration are included in the boring logs. 

Soil samples were obtained from the direct-push borings using a hydraulically advanced 4-foot long 
sampler with a disposable liner or a 3-foot-long split spoon sampler.  Soil and sediment samples were 
obtained from the hollow-stem auger borings at approximately 2.5-foot intervals using a standard 
penetration test (SPT) sampler.  The sampler was driven by a 140-pound hammer falling a vertical 
distance of approximately 30 inches.  The number of blows required to advance the sampler the final 
18 inches was recorded on the boring logs.  Soil cuttings (unused soil core) from the borings were placed 
in a labeled 55-gallon drum.   

At the target interval for the sample, the required volume of soil was removed from the sampler placed 
into laboratory-supplied containers, lightly packed and capped with a plastic lid.  The sand-sized and finer 
fractions of the soil were targeted for collection.  Samples were selected for analysis based on field 
screening results and/or sample depth relative to groundwater depth.   

Sample containers were labeled in the field and stored in an iced cooler prior to and during shipment to 
the chemical analytical laboratory.  Section 2.0 addresses the disposition of investigation-derived waste 
such as soil cuttings. 

1.3.4  Composite Surface Slag/fill Samples 

Two composite samples from the exposed slag headland were obtained.  Each composite was composed 
of four discrete subsamples obtained approximately 10 feet apart along the exposed face of the headland.  
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Subsamples were composited in a stainless steel bowl and processed in the same manner as other soil 
samples.   

1.4  FIELD SCREENING 

Soil samples were field screened for evidence of possible contamination.  Field screening results were 
recorded on the field logs and the results were used as a general guideline to delineate areas of possible 
contamination.  Screening results were used to aid in the selection of soil samples to be submitted for 
chemical analysis.  The following screening methods were used:  (1) visual screening; (2) water sheen 
screening; (3) headspace vapor screening; and (4) magnet and acid.  Field screening results are site- and 
location-specific.  The results may vary with temperature, moisture content, soil type and chemical 
constituent. 

1.4.1  Visual Screening 

The soil was observed for unusual color and stains and/or odor indicative of possible contamination.   

1.4.2  Water Sheen Screening 

This is a qualitative field screening method that can help identify the presence or absence of petroleum 
hydrocarbons. A portion of the soil sample was placed in a pan containing distilled water and the water 
surface was observed for signs of sheen.  The following sheen classifications were used: 

Classification Identifier Description 
No Sheen (NS) No visible sheen on the water surface 
Slight Sheen (SS) Light, colorless, dull sheen; spread is irregular, not rapid; sheen dissipates 

rapidly 
Moderate 
Sheen 

(MS) Light to heavy sheen; may have some color/iridescence; spread is irregular to 
flowing, may be rapid; few remaining areas of no sheen on the water surface 

Heavy Sheen (HS) Heavy sheen with color/iridescence; spread is rapid; entire water surface may 
be covered with sheen 

 
1.4.3  Headspace Vapor Screening 

This is a semi-quantitative field screening method that can help identify the presence or absence of 
volatile chemicals.  Volatile chemicals at this site were only anticipated in conjunction with residual oil.  
A portion of the soil sample was placed into a plastic bag for headspace vapor screening.  Ambient air 
was captured in the bag; the bag was sealed and then shaken gently to expose the soil to the air trapped in 
the bag.  The bag remained closed for approximately 1 minute at ambient temperature before the 
headspace vapors were measured.  Vapors present within the sample bag’s headspace were measured by 
inserting the probe of a photoionization detector (PID) through a small opening in the bag.  A PID 
measures the concentration of organic vapors ionizable by a 10.6 electron volt (eV) lamp in parts per 
million (ppm) and quantifies organic vapor concentrations in the range between 0.1 ppm and 2,000 ppm 
(isobutylene equivalent) with an accuracy of 1 ppm between 0 ppm and 100 ppm.  The maximum value 
on the instrument and the ambient air temperature was recorded on the field log for each sample.  The 
PID was calibrated to 100 ppm isobutylene at least twice per day.  

1.4.4  Magnet 

This is a qualitative screening method that can help determine the presence or absence of iron particles 
(slag).  A portion of the soil sample was massaged to break up larger particles.  The magnet was placed in 
the soil and the presence or absence of iron on the magnet was visually assessed.  
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1.4.5  Acid 

This is a qualitative screening method that can help identify if lime from the steel process is present in the 
sample.  A weak hydrochloric acid solution discharged from an eye dropper style container was placed on 
the sample and the absence or presence of a reaction was noted.  A reaction indicates that lime is present 
in the sample.  A positive reaction was caused by seashells present in the dredge sand fill and native 
sediments. 

1.5  MONITORING WELL CONSTRUCTION AND DEVELOPMENT 

Monitoring wells were constructed by a Washington State licensed driller in compliance with State 
standards.  Installation of the monitoring wells was observed by a GeoEngineers field technician, who 
maintained a detailed log of the materials and depths of the wells.  Monitoring wells were installed to 
depths ranging from approximately 8 to 12 feet below the groundwater table.  The total depth of the 
monitoring wells is approximately 13 to 19 feet bgs. 

The wells were constructed with 3/4-inch diameter schedule 40 PVC with pre-pack 20-slot well screen.  
The top of the well screens are located at depths ranging from approximately 3 to 5 feet above measured 
groundwater level.  Medium sand was placed in the borehole annulus surrounding the slotted portion of 
the well.  A bentonite seal was placed from the top of the sand to the bottom of the concrete surface 
completion.  The surface completion for the groundwater monitoring wells was a 2-foot by 2-foot 
concrete box that extends above the ground approximately 3 inches.  A lockable "Thermos"-type cap was 
installed in the top of the PVC well casing.   

Each monitoring well was developed using a peristaltic pump with disposable polyethylene tubing to 
remove water introduced into the well during drilling (if any), stabilize the filter pack and formation 
materials surrounding the well screen, and restore the hydraulic connection between the well screen and 
the surrounding soil.  The volume of groundwater removed was recorded during well development 
procedures.  Well development water is stored temporarily on-site in a 55-gallon drum.  The depth to 
water in the monitoring well was measured prior to development. 

1.6  GROUNDWATER SAMPLING 

1.6.1  Monitoring wells 

Groundwater levels were measured in each monitoring well to the nearest 0.01 foot using an electric 
water level indicator.  The water levels were measured relative to the casing rim elevations.  

Groundwater samples were obtained using low-flow/low-turbidity sampling techniques to minimize the 
suspension of sediment in groundwater samples.  Groundwater samples were obtained from monitoring 
wells using a peristaltic pump and disposable polyethylene tubing.  Groundwater was pumped at 
approximately 0.5 liter per minute using a peristaltic pump through tubing placed within the screened 
interval.  A YSI 556 multi parameter water quality meter (with flow-through-cell) was used to monitor 
the following water quality parameters during purging:  electrical conductivity, dissolved oxygen, pH, 
oxidation-reduction potential, conductivity, and temperature.  Ambient groundwater conditions were 
reached once these parameters varied by less than 10 percent on three consecutive measurements.  The 
stabilized field measurements were documented in the field log book (for subsequent use in the RI), and 
then groundwater samples were obtained.  Purge water was stored in a labeled 55-gallon drum for 
subsequent characterization.  Section 2.0 addresses the disposition of investigation-derived waste such as 
purge water. 



DRAFT 

File No. 0504-042-00 Page A-5   
May 20, 2009 

1.6.2  One-Time (Direct Push) Samples 

At selected borings, an approximately 1.25-inch-diameter steel rod was pushed about 4 feet below the 
water table and then pulled back to expose a temporary 4-foot-long stainless steel screen.  Groundwater 
samples were obtained from these borings using low flow sampling methods described above.  After 
collection of the water sample, the screen and rod will be removed and the boring abandoned.  New 
tubing was at each boring, and all rods and well screens were decontaminated between borings.   

Groundwater samples were obtained after the wells were purged.  Samples were obtained by pumping 
water directly from the tubing into sample containers provided by the analytical laboratory.  The samples 
were free of bubbles, and headspace was not present in the containers.  Each sample container was 
securely capped, labeled and placed in a cooler with ice upon collection.  The well casing plugs and 
monument cover lids were secured after each sampling event. 

1.7  SURFACE WATER SAMPLING 

Surface water samples were obtained by placing a clean, capped, laboratory-provided sample collection 
container as close as possible to the drainage stream bottom, minimizing introduction of foreign objects or 
turbidity.  The sample containers were then uncapped, allowing the water to enter, and then recapped 
prior to removal from the sampling location.  When preservative was required in the sample containers, 
the samples were obtained using a laboratory-provided non-preserved container and then transferred to a 
laboratory provided container with preservative.  Samples placed in a cooler with ice and delivered to the 
analytical laboratory within laboratory-specified holding times.  Standard chain-of-custody procedures 
were observed during transport of the samples to the laboratory.  

1.8  SEDIMENT SAMPLING 

Sediment samples were obtained from the exposed intertidal area of the Site during low tide using a hand 
shovel as part of the June 2007 sampling event.  Armoring (cobbles and boulders) was removed from the 
surface at each location, and the underlying substrate was excavated for chemical analyses.  
Approximately 2 quarts of sediment material was obtained at each sampling location.  Sample material 
was obtained using a stainless steel spoon and placed in a stainless steel bowl for mixing prior to 
placement into laboratory-supplied sample containers.   

The samples were obtained as close to MLLW as possible and located using the Trimble GeoXT GPS 
unit. 

The depth of each sample interval was measured with a steel measuring tape.  The general character of 
sediment (size distribution, angularity), presence/absence of brick or slag, field screening results, and 
location of residual oil, if any, was recorded for each sample interval.   

As discussed in Section 1.3, sediment samples were also obtained (during the December 2007 sampling 
event) using a hollow-stem auger drill rig. 

1.9  EARTHWORM SAMPLING 

Earthworm samples were obtained at three sample locations during the December 2007 sampling event.  
Each earthworm sample was collocated with a surface soil sample.  The earthworms were obtained using 
a shovel and hand sorting; clean nitrile gloves were used at each sample location.  One to five earthworms 
were obtained at the three sample locations.  Each sample was stored in a 4-ounce glass jars.  Sampling 
equipment will be decontaminated after each sampling location. 
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Chain of custody procedures outlined in the QAPP (Appendix A; Draft Final Remedial 
Investigation/Feasibility Study Work Plan; GeoEngineers, 2007a) were followed and samples were stored 
the samples at 4 degrees C (as specified in EPA method 200.8 solid sample preparation). 

To the extent practicable, soil was removed from the gut of the earthworms by ARI laboratory prior to 
chemical analyses.  The earthworms from each sample were placed in a clean sample jar with 2 milliliters 
of distilled/deionized water for 24 hours and then transferred to a second clean sample jar containing 
2 milliliters of distilled/deionized water for an additional 24 hours. Placing the earthworms in water 
allowed them to purge their gut contents naturally.  During purging, the jars containing the earthworms 
were be labeled with the appropriate sample number and stored in a cooler over the ice or coolant (e.g., 
blue ice).  

Following the 48-hour purging period, the earthworms were rinsed in distilled/deionized water to remove 
any adhering soil, placed in clean sample jars and allowed to air-dry in the opened sample jar to a level 
where free water is not observed. 

1.10  PLANT SAMPLING 

Plant samples were obtained at three sampling locations during the June 2008 sampling event.  Each plant 
sample was collocated with a surface soil sample.    Plant samples were obtained using clean nitrile 
gloves at each sample location.  Sufficient plant material was collected to fill an 8-ounce glass jar.  Plant 
material consisted of above ground plant parts only (shoots, stalks, leaves, etc). 

Chain of custody procedures outlined in the QAPP (Appendix A; Draft Final Remedial 
Investigation/Feasibility Study Work Plan) will be followed and samples will be stored the samples at 
4 degrees Celsius (as specified in EPA method 200.8 solid sample preparation). 

Plant material obtained included the following: trialing blackberry (Rubus ursinus), Douglas fir seedlings 
(Pseudotsuga menziesii), snowberry (Symphoricarpos), thimbleberry (Rubus parviflorus), and Himalayan 
blackberry (Rubus discolor). 

1.11  DECONTAMINATION 

The drilling equipment was decontaminated before beginning each boring using a pressure washer.  
Reusable sampling/monitoring equipment (trowels, split spoons, bowls, etc.) that came in contact with 
soil or groundwater was decontaminated before each use.  Decontamination procedures for the equipment 
consisted of the following: (1) wash with nonphosphate detergent solution (Liqui-Nox and distilled 
water); (2) rinse with distilled water; and (3) place the decontaminated equipment on clean plastic 
sheeting or in a plastic bag.  Wash water used to decontaminate the sampling equipment is stored on-site 
in a labeled 55-gallon drum for subsequent characterization and disposal.   

1.12  SAMPLE HANDLING 

Sample handling procedures, including labeling, container and preservation requirements, and holding 
times are described in the Draft Final Remedial Investigation/Feasibility Study Work Plan QAPP 
(Appendix A; GeoEngineers, 2007a).  Archived samples were be kept frozen by the laboratory. 

1.13  FIELD EQUIPMENT CALIBRATION PROCEDURES 

Field equipment requiring calibration was calibrated to known standards in accordance with 
manufacturers’ recommended schedules and procedures for each instrument.  Calibration checks of the 
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vapor measurement equipment were conducted daily, and the instruments were recalibrated as required.  
Calibration measurements were recorded in the daily field logs. 

2.0  DISPOSITION OF INVESTIGATION-DERIVED MATERIALS 

2.1  SOIL  

Soil removed from the test pit excavations was replaced in the excavations.  Soil cuttings from borings 
completed during the June and December 2007 sampling events were placed in labeled and sealed 55-
gallon drums.  Following receipt of chemical analytical results, the drums were removed from the Site 
and the materials properly disposed of by Envirotech Systems.   

2.2  GROUNDWATER AND DECONTAMINATION WATER  

Purge water removed from the monitoring wells and decontamination water generated during the June 
and December 2007 sampling events were placed in labeled and sealed 55-gallon drums.  Following 
receipt of chemical analytical results, the drums were removed from the Site and the materials properly 
disposed of by Envirotech Systems.   

Purge water from the January 2009 sampling event was disposed of at GeoEngineers Redmond, 
Washington office under the GeoEngineers’ Purge Water Disposal Program (King County Permit No. 
393-04).  The chemical analytical results from groundwater samples obtained during the January 2009 
sampling event met the criteria outlined in Permit 393-04. 

2.3  DISPOSITION OF INCIDENTAL WASTE 

Incidental waste generated during sampling activities includes items such as gloves, plastic sheeting, 
paper towels and similar expended and discarded field supplies.  These materials are considered de 
minimis and were disposed of at local trash receptacle. 



Location ID Sample ID
Collection 

Date Sheen
Headspace 

Vapors (ppm) Sample Description

DP01 DP01-BA-080605-4 6/5/2008 4 -- -- Brown fine to medium sand with slag
GEISS1 GEI-SS1-BA-080605-1 6/5/2008 1 -- -- Brown coarse sand with slag

TP02 TP02-BA-080605-2.5 6/5/2008 2.5 -- -- Light brown fine to medium sand
TP03-ASP-080606-2 6/6/2008 2 -- --
TP03-BA-080606-2 6/6/2008 2 -- --
TP03-CP-080606 6/6/2008 Plant -- --
TP03-CS-080606 6/6/2008 Surface -- --

TP06 TP06-BA-080605-1 6/5/2008 1 -- -- Dark brown fine to medium sand with organics and bricks
TP08-BA-080606-4 6/6/2008 4 -- --

TP08-ASP-080606-4 6/6/2008 4 -- --
TP10 TP10-BA-080605-1 6/5/2008 1 -- -- Brown fine to medium sand
TP11 TP11-BA-080606-3 6/6/2008 3 Heavy 0 Brown to black fine to medium sand
TP12 TP12-BA-080605-2 6/5/2008 2 -- -- Grey fine to medium sand with silt and gravel
TP15 TP15-BA-080606-2 6/6/2008 2 None 0 Brown fine to medium sand with organics and shells
TP18 TP18-BA-080605-2 6/5/2008 2 -- -- Brown fine to medium sand with organics and occasional gravel

TP22-ASP-080606-3 6/6/2008 3 -- --
TP22-BA-080606-3 6/6/2008 3 -- --

TP23 TP23-BA-080606-2 6/6/2008 2 None 0 Brown fine to medium sand with occasional gravel

TP24 TP24-BA-080606-3 6/6/2008 3 Heavy 0
Brown to black fine to medium sand (wet, groundwater at 2.5 feet 
bgs)

TP32-ASP-080606-3 6/6/2008 3 -- --
TP32-BA-080606-3 6/6/2008 3 -- --
TP32-CP-080606 6/6/2008 Plant -- --
TP32-CS-080606 6/6/2008 Surface -- --

TP38 TP38-BA-080605-2 6/5/2008 2 -- -- Brown fine to medium sand
TP40-BA-080605-1 6/5/2008 1 -- --
TP40-CP-080605 6/5/2008 Plant -- --
TP40-CS-080605 6/5/2008 Surface -- --

TP41 TP41-BA-080605-2 6/5/2008 2 -- -- Brown silty fine to medium sand with organics
TP42 TP42-BA-080605-2.5 6/5/2008 2.5 -- -- Brown silty fine to medium sand with organics

SEAT:\0\0504042\00\Working\Draft RI-FS Report\Draft Tables\June 2008 samples.xls

TP08

Dark brown fine to medium sand with organics and bricks; trailing 
blackberry and douglas fir sprout

Brown coarse sand with bricks

Table A-1
June 2008 Soil & Plant Sample Descriptions

Draft RI/FS
Irondale Iron & Steel Plant

Light brown fine to medium sand with organics

Brown medium to coarse sand; trailing blackberry

Dark brown fine to medium sand with organics; trailing blackberry, 
himalayan blackberry, snowberry, thimbleberry

Approximate 
Sample Depth 

(feet bgs)

Irondale, Washington

TP22

TP32

TP40

Field Screening Results2

TP03

File No. 0504-042-00
Table A-1 Page 1 of 1



Shelby tube

ADDITIONAL MATERIAL SYMBOLS
SYMBOLS TYPICAL

KEY TO EXPLORATION LOGS

CC

CR

Percent fines
Atterberg limits
Chemical analysis
Laboratory compaction test
Consolidation test
Direct shear
Hydrometer analysis
Moisture content
Moisture content and dry density
Organic content
Permeability or hydraulic conductivity
Pocket penetrometer
Sieve analysis
Triaxial compression
Unconfined compression
Vane shear

Bulk or grab

Piston

Standard Penetration Test (SPT)

Groundwater observed at time of
exploration

Approximate location of soil strata
change within a geologic soil unit

Asphalt Concrete

Measured groundwater level in
exploration, well, or piezometer

GC

PT

OH

CH

MH

OL

ORGANIC CLAYS AND SILTS OF
MEDIUM TO HIGH PLASTICITY

GM

GP

GW

DESCRIPTIONS
TYPICAL

LETTERGRAPH

(APPRECIABLE AMOUNT
OF FINES)

MORE THAN 50%
RETAINED ON NO.

200 SIEVE

SYMBOLSMAJOR DIVISIONS

WELL-GRADED SANDS, GRAVELLY
SANDSCLEAN SANDS

GRAVELS WITH
FINES

CLEAN
GRAVELS

HIGHLY ORGANIC SOILS

SILTS
AND

CLAYS

SILTS
AND

CLAYS

SAND
AND

SANDY
SOILS

GRAVEL
AND

GRAVELLY
SOILS

(LITTLE OR NO FINES)

FINE
GRAINED

SOILS

COARSE
GRAINED

SOILS

SW

MORE THAN 50%
OF COARSE
FRACTION

RETAINED ON NO.
4 SIEVE

CL

WELL-GRADED GRAVELS, GRAVEL -
SAND MIXTURES

POORLY-GRADED SANDS,
GRAVELLY SAND

INORGANIC SILTS, ROCK FLOUR,
CLAYEY SILTS WITH SLIGHT
PLASTICITY

INORGANIC SILTS, MICACEOUS OR
DIATOMACEOUS  SILTY SOILS

SILTY GRAVELS, GRAVEL - SAND -
SILT MIXTURES

(APPRECIABLE AMOUNT
OF FINES)

SOIL CLASSIFICATION CHART

LIQUID LIMIT
GREATER THAN 50

LIQUID LIMIT
LESS THAN 50

SANDS WITH
FINES

SP

PEAT, HUMUS, SWAMP SOILS WITH
HIGH ORGANIC CONTENTS

INORGANIC CLAYS OF HIGH
PLASTICITY

(LITTLE OR NO FINES)

ORGANIC SILTS AND ORGANIC
SILTY CLAYS OF LOW PLASTICITY

INORGANIC CLAYS OF LOW TO
MEDIUM PLASTICITY, GRAVELLY
CLAYS, SANDY CLAYS, SILTY CLAYS,
LEAN CLAYS

CLAYEY SANDS, SAND - CLAY
MIXTURES

SILTY SANDS, SAND - SILT
MIXTURES

CLAYEY GRAVELS, GRAVEL - SAND -
CLAY MIXTURES

POORLY-GRADED GRAVELS,
GRAVEL - SAND MIXTURES

ML

SC

SM

NOTE:  Multiple symbols are used to indicate borderline or dual soil classifications

MORE THAN 50%
PASSING NO. 200

SIEVE

MORE THAN 50%
OF COARSE
FRACTION

PASSING NO. 4
SIEVE

DESCRIPTIONS

No Visible Sheen
Slight Sheen
Moderate Sheen
Heavy Sheen
Not Tested

NS
SS
MS
HS
NT

LETTER

Distinct contact between soil strata or
geologic units

Material Description Contact

Approximate location of soil strata
change within a geologic soil unit

Distinct contact between soil strata or
geologic units

AC

Cement Concrete

Sampler Symbol Descriptions

GRAPH

Measured free product in well or
piezometer

Topsoil/
Forest Duff/Sod

Direct-Push

Crushed Rock/
Quarry Spalls

Graphic Log Contact

Sheen Classification

Laboratory / Field Tests

Blowcount is recorded for driven samplers as the number
of blows required to advance sampler 12 inches (or
distance noted).  See exploration log for hammer weight
and drop.

A "P" indicates sampler pushed using the weight of the
drill rig.

%F
AL
CA
CP
CS
DS
HA
MC
MD
OC
PM
PP
SA
TX
UC
VS

FIGURE A-1

2.4-inch I.D. split barrel

NOTE:  The reader must refer to the discussion in the report text and the logs of explorations for a proper understanding of subsurface conditions.
Descriptions on the logs apply only at the specific exploration locations and at the time the explorations were made; they are not warranted to be
representative of subsurface conditions at other locations or times.

Perched water observed at time of
exploration

TS



67

50

67

67

1

2
CA

3
CA

SM

SP

SW-SM

SP

SP

SW

SP-SM

Dark brown silty fine to coarse sand (moist)
(topsoil)

Brown coarse sand with slag fragments (moist)
(fill)

Dark brown fine to coarse sand with silt, trace
red grains (moist)

Red medium to coarse sand (wet)
Red brick
Brown coarse sand, trace silt (wet)

Red brick
Black fine to coarse sand with trace silt;

occasional gravel

Gray fine sand with silt, trace shell fragments
(wet) (native sediment)

NS

HS

NS

0

0

0

Total
Depth (ft)6/26/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

AJS

Surface Elevation (ft)
Vertical Datum

Direct PushESN NorthwestDriller

Groundwater
Depth to
Water (ft)Date Measured

AMS Powerprobe 9630

Elevation (ft)

6/26/2007

Drilling
Equipment

Latitude
Longitude N/A

12

5.0 Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Log of Boring DP01
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83

100

1
CA

SP

SP

ML

Brown fine to medium sand, trace silt (wet) (fill)

Brown coarse sand with gravel (wet, loose)
(native sediment)

Gray silt (moist)
SS 19

Total
Depth (ft)6/25/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

AJS

Surface Elevation (ft)
Vertical Datum

Direct PushESN NorthwestDriller

Groundwater
Depth to
Water (ft)Date Measured

AMS Powerprobe 9630

Elevation (ft)

Drilling
Equipment

Latitude
Longitude N/A

8

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Log of Boring DP06
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SP-SM No samples obtained - boring completed for
groundwater grab sampling only

Total
Depth (ft)6/26/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

AJS

Surface Elevation (ft)
Vertical Datum

Direct PushESN NorthwestDriller

Groundwater
Depth to
Water (ft)Date Measured

AMS Powerprobe 9630

Elevation (ft)

6/26/2007

Drilling
Equipment

Latitude
Longitude N/A

12

7.0 6.6

13.6

Note: See Figure A-1 for explanation of symbols.
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Figure A4

Log of Boring DP07
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1
CA

2
CA

TS

RBL

Dark brown silty fine to medium sand with occasional gravel (loose, moist)
(fill)

White-gray sand-sized coke with slag fragments (dense, moist) (fill)

No groundwater seepage observed
No caving observed

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A5

Log of Test Pit GEISS1

Date Excavated:
Equipment: 2.0Total Depth (ft)

12/13/2007 RMBLogged By:
Shovel
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1
CA

SM

Coal
Fragments

Brown fine to medium sand with occasional gravel and brick fragments
(medium dense, moist) (fill)

Black charcoal with sand and occasional metal fragments (medium dense,
moist) (fill)

NS

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A6

Log of Test Pit GEISS2

Date Excavated:
Equipment: 1.5Total Depth (ft)

12/13/2007 RMBLogged By:
Shovel
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1
CA

TS

RBL

Topsoil

White coke (very dense, moist) (fill)

No groundwater seepage observed
No caving observed

NS

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A7

Log of Test Pit GEISS3

Date Excavated:
Equipment: 1.0Total Depth (ft)

12/13/2007 RMBLogged By:
Shovel
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92

92

100

83

1

2
CA

3
CA

Dark brown silty fine to medium sand with
occasional brick fragments (moist) (fill)

Brown fine to medium sand with silt and
occasional brick fragments (moist)

Gray fine to medium sand with silt (wet) (native
soil)

Brown coarse sand with gravel (wet)

Dark gray silt (moist)

SM

SP-SM

SP-SM

SP

ML

2.0

3.0

13.0

14.0

Concrete surface
seal
¾ inch schedule
40 solid PVC pipe

Bentonite seal

Medium sand
backfill

¾ inch schedule
40 PVC pipe with
0.020 inch slot
width

Natural soil
backfill-

HS

HS

SS

31

15.9

14.6

Logged By
RMB

Drilling
MethodDrilled

System
Datum

Date Measured

AMS Powerprobe 9630

Elevation (ft)
Groundwater

Driller

Depth to
Water (ft)

6/25/2007 6.0
Latitude
Longitude

Drilling
Equipment

14

A  (in) well was installed on  to a depth of 14 (ft).
Well was developed on 6/25/2007.

Top of Casing
Elevation (ft)

Start End
Checked By

AJS Direct PushESN NorthwestTotal
Depth (ft)6/25/2007

Notes:

Surface Elevation (ft)
Vertical Datum

Hammer
Data

N/A

13.6

7.55

Steel surface
monument

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A8

Log of MONITORING WELL MW02 (DP02)
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75

92

83

100

100

1

2
CA

3
CA

Light brown and white medium to coarse sand
(moist) (fill)

Brown coarse sand (wet)

Dark brown fine to medium sand (wet)

Gray brown and green silty fine sand (wet)
Large piece of wood

Dark brown fine to medium sand, trace silt (wet)
(native soil)

Dark gray silty fine sand with occasional shell
fragments (wet)

SP

SP

SP

SM

SP

SM

2.0

3.0

4.0

19.0

Concrete surface
seal

Bentonite seal

¾ inch schedule
40 solid PVC pipe

Medium sand
backfill

¾ inch schedule
40 PVC pipewith
0.020 inch slot
width

NS

NS

NS

NS

0

0

0

Logged By
RMB

Drilling
MethodDrilled

System
Datum

Date Measured

AMS Powerprobe 9630

Elevation (ft)
Groundwater

Driller

Depth to
Water (ft)

6/26/2007 6.5
Latitude
Longitude

Drilling
Equipment

19

A  (in) well was installed on  to a depth of 19 (ft).
Well was developed on 6/26/2007.

Top of Casing
Elevation (ft)

Start End
Checked By

AJS Direct PushESN NorthwestTotal
Depth (ft)6/26/2007

Notes:

Surface Elevation (ft)
Vertical Datum

Hammer
Data

N/A

13.1

6.59

Steel surface
monument

Note: See Figure A-1 for explanation of symbols.

FIELD DATA

D
ep

th
 (f

ee
t)

0

5

10

15

In
te

rv
al

W
at

er
 L

ev
el

B
lo

w
s/

fo
ot

R
ec

ov
er

ed
 %

E
le

va
tio

n 
(fe

et
)

10

5

0

-5

C
ol

le
ct

ed
 S

am
pl

e

S
am

pl
e 

N
am

e

G
ra

ph
ic

 L
og MATERIAL

DESCRIPTION

G
ro

up
C

la
ss

ifi
ca

tio
n

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A9

Log of MONITORING WELL MW03 (DP03)

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_E
N

V
IR

O
N

M
E

N
TA

L_
W

E
LL

WELL LOG

S
he

en

H
ea

ds
pa

ce
V

ap
or



83

100

100

100

100

1

2

3
CA

4

Dark brown organic silty fine to coarse sand
(topsoil)

Gray rock fragments (fill)

Dark brown wood layer with fine to medium
sand, trace silt (moist)

Light brown/gray fine to coarse sand with shell
fragments (moist)

Gray fine to medium sand with shell fragments
(wet) (native soil)

Gray fine sand with silt and shell fragments (wet)

Gray silt (wet)
Gray fine sand with silt and  shell fragments

(wet)

Gray silt with sand (wet)

TS

GP

SP

SW

SP

SP

ML

SP

ML

2.5
3.0

18.0

Concrete surface
seal

¾ inch schedule
40 solid PVC pipe

¾ inch schedule
40 PVC pipe with
0.020 inch slot
width

SS

SS

MS

MS

30

50

Logged By
RMB

Drilling
MethodDrilled

System
Datum

Date Measured

AMS Powerprobe 9630

Elevation (ft)
Groundwater

Driller

Depth to
Water (ft)

6/25/2007 8.0
Latitude
Longitude

Drilling
Equipment

18

A  (in) well was installed on  to a depth of 18 (ft).
Well was developed on 6/25/2007.

Top of Casing
Elevation (ft)

Start End
Checked By

AJS Direct PushESN NorthwestTotal
Depth (ft)6/25/2007

Notes:

Surface Elevation (ft)
Vertical Datum

Hammer
Data

N/A

14.6

6.57

Steel surface
monument

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A10

Log of MONITORING WELL MW04 (DP04)
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92

92

92

92

92

1

2
CA

3

Brown silty fine to coarse sand (moist) (topsoil)
Light brown fine to medium sand with trace silt

(moist) (fill)

Light brown fine to medium sand with occasional
shell fragments (moist)

Dark gray/brown fine to medium sand with
occasional shell fragments (wet) (native
sediment)

Gray/brown fine to coarse sand with trace silt and
occasional shell fragments (wet)

Brown/gray fine sand with silt and occasional
shell fragments (wet)

Gray silty fine sand (wet)

TS

SP

SP

SP

SW

SP-SM

SM

2.0

3.0

4.0

19.0

20.0

Concrete surface
seal

Bentonite seal

¾ inch schedule
40 solid PVC pipe

Medium sand
backfill

¾ inch schedule
40 PVC pipe with
0.020 slot width

Natural soil backfill

NS

NS

SS

Logged By
RMB

Drilling
MethodDrilled

System
Datum

Date Measured

AMS Powerprobe 9630

Elevation (ft)
Groundwater

Driller

Depth to
Water (ft)

6/26/2007 7.0
Latitude
Longitude

Drilling
Equipment

20

A  (in) well was installed on  to a depth of 20 (ft).
Well was developed on 6/26/2007.

Top of Casing
Elevation (ft)

Start End
Checked By

AJS Direct PushESN NorthwestTotal
Depth (ft)6/26/2007

Notes:

Surface Elevation (ft)
Vertical Datum

Hammer
Data

N/A

14.6

7.57

Steel surface
monument

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A11

Log of MONITORING WELL MW05 (DP05)
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1
CA

2
CA

SP

SP

Brown medium to coarse sand with shell fragments

Gray and brown medium to coarse sand with occasional shell fragments and
slag cobbles

- grades to wet

Rapid groundwater seepage observed at 1.5 feet
Severe caving observed from 1.5 to 2 feet

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A12

Log of TEST PIT SED01

Date Excavated:
Equipment: 2.0Total Depth (ft)

6/28/2007 RMBLogged By:
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1
CA

2
CA

RBL

RBL

Black and brown coarse-grained slag fragments with sand

Black and brown coarse-grained slag fragments with sand and
tar-like-coated slag cobbles.

Floating product observed at 1.5 feet, grades to wet
Rapid groundwater seepage observed at 1.5 feet
Severe caving observed at 1.5 feet

NS

MS

0

1

Note: See Figure A-1 for explanation of symbols.
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Figure A13

Log of TEST PIT SED02

Date Excavated:
Equipment: 1.5Total Depth (ft)

6/28/2007 RMBLogged By:
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1
CA

2

SP

SP

Brown sand
Black fine to medium grained charcoal (?) with sand, occasional shell

fragments, and slag cobbles

Grades to wet

Rapid groundwater seepage observed at 8 inches
Severe caving observed from 8 to 12 inches

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A14

Log of TEST PIT SED03

Date Excavated:
Equipment: 1.0Total Depth (ft)
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1
CA

2

3

SP

SP-SM

SP-SM

Gray medium sand with shell fragments

Gray fine to medium sand with silt and occasional shell and slag fragments

Gray fine to medium sand with occasional shell fragments

Grades to wet

Rapid groundwater seepage observed at 3 feet
Severe caving observed from 2 to 3 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A15

Log of TEST PIT SED05

Date Excavated:
Equipment: 3.0Total Depth (ft)

6/28/2007 RMBLogged By:
E

le
va

tio
n 

(fe
et

)

5

Te
st

in
g 

S
am

pl
e

S
am

pl
e 

N
am

e
Te

st
in

g

D
ep

th
 (f

ee
t)

1

2

3

SAMPLE

G
ra

ph
ic

 L
og

G
ro

up
C

la
ss

ifi
ca

tio
n MATERIAL

DESCRIPTION

E
nc

ou
nt

er
ed

 W
at

er

S
he

en

NotesH
ea

ds
pa

ce
V

ap
or



1
CA

2

3

SP

SP-SM

SP-SM

Gray medium to coarse sand with shell fragments and occasional slag

Brown fine to medium sand with silt and occasional shell fragments

Gray medium sand with silt and occasional shell fragments

Grades to wet

Rapid groundwater seepage observed at 3 feet
Severe caving obwerved at 3 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A16

Log of TEST PIT SED06

Date Excavated:
Equipment: 3.0Total Depth (ft)
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1
CA

2

SM Gray silty fine to medium sand with occasional shell fragments

Grades to wet
Rapid groundwater seepage observed at 2 feet
Severe caving observed at 2 feet

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A17

Log of TEST PIT SED07

Date Excavated:
Equipment: 2.0Total Depth (ft)

6/28/2007 RMBLogged By:
E

le
va

tio
n 

(fe
et

)

0

Te
st

in
g 

S
am

pl
e

S
am

pl
e 

N
am

e
Te

st
in

g

D
ep

th
 (f

ee
t)

1

2

SAMPLE

G
ra

ph
ic

 L
og

G
ro

up
C

la
ss

ifi
ca

tio
n MATERIAL

DESCRIPTION

E
nc

ou
nt

er
ed

 W
at

er

S
he

en

NotesH
ea

ds
pa

ce
V

ap
or



1
CA

2

RBL Bricks and slag cobbles with medium to coarse sand with shell fragments

Grades to wet

Practical refusal at 27 inches

Moderate water seepage observed at 1 foot
No caving observed

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A18

Log of TEST PIT SED09

Date Excavated:
Equipment: 2.3Total Depth (ft)
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1
CA

2

SP-SM

SP-SM

Brown medium to coarse sand with silt and shell fragments

Brown, black  and white coarse-grained slag with sand

Grades to wet

Refusal on hard surface at 2.5 feet
Rapid graoundwater seepage observed at 2 feet
Severe caving observed at 2 feet

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A19

Log of TEST PIT SED11

Date Excavated:
Equipment: 2.5Total Depth (ft)
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1
CA

2

SP

SP-SM

Gray silty fine to medium sand with shell fragments and slag

Gray fine to medium sand with silt and occasional shell fragments

Grades to wet
No groundwater seepage observed
Severe caving observed at 2 feet

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A20

Log of TEST PIT SED16

Date Excavated:
Equipment: 2.0Total Depth (ft)
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1
CA

2

SP

RBL

Brown medium to coarse sand with shell fragments and occasional slag
fragments

Black and brown gravel and cobble-sized slag debris with coarse sand and
shell fragments

Practical refusal at 29 inches
No groundwater seepage observed
No caving observed

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A21

Log of TEST PIT SED17

Date Excavated:
Equipment: 2.3Total Depth (ft)
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17

100

100

67

67

1

2
CA

3
CA

4
CA

5
CA

CA

GM

SM

ML

Brown silty gravel with brick fragments and sand
(wet) (fill)

Black-gray silty fine to medium sand (native
sediment)

Gray silt with sand (very stiff, moist) (native soil)

VSS

MS

MS

MS

MS

NS

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

13.5

3.0

140 (lbs) / 30 (in) Drop

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Figure A22

Log of BORING SED18
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14

14

21

22

67

67

67

67

1
CA

2
CA

3
CA

4
CA

SM Gray silty fine to medium sand (medium
dense,wet) (native sediment)

MS

MS

MS

MS

Oil liberated when digging

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

7.5

2.0

140 (lbs) / 30 (in) Drop

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Figure A23

Log of BORING SED20
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22

100

100

1
CA

2
CA

3
CA

SM

SP

Gray silty fine to medium sand with occasional
shell and brick fragments (wet) (fill)

- grades to gray-black

Gray fine to medium sand with occasional shell
fragments (native sediment)

SS

NS

NS

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

8.5

2.5

140 (lbs) / 30 (in) Drop

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Figure A24

Log of BORING SED21
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556

56

56

1

2

3

SP

GM

Brown medium to coarse sand with brick
fragments (loose, wet) (fill)

Gray silty gravel with sand and shell  fragments
(native sediment)

NS

NS

NS

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

8.5

2.5

140 (lbs) / 30 (in) Drop

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Figure A25

Log of BORING SED22
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10100

100

75

1
CA

2

3

SM

SP

Gray silty fine to medium sand with occasional
shell and brick fragments (loose, wet) (fill)

Gray fine to medium sand with silt and shell
fragments (native sediment)

NS

NS

NS

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

8.5

3.0

140 (lbs) / 30 (in) Drop

Undetermined

Undetermined

Note: See Figure A-1 for explanation of symbols.
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Figure A26

Log of BORING SED23
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1
CA

2
CA

TS

SP-SM

Duff and topsoil

Tan-brown fine to medium sand (loose, moist) (native soil)

No groundwater seepage observed
No caving observed

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A27

Log of Test Pit TP01

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2
CA

TS

SM

SP-SM

Duff and topsoil

3-inch-diameter steel pipe observed

Dark brown silty fine to medium sand with occasional bricks (loose, moist)
(fill)

Tan-brown fine to medium sand with silt (loose, moist) (native soil)

No groundwater seepage observed
No caving observed

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A28

Log of Test Pit TP02

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

RBL

RBL

SM

Duff and topsoil

Medium grained slag fragments with sand (medium dense, moist) (fill)

Red brick fragments with white material and sand (medium dense, moist)
(fill)

Slag cobble encountered

Reddish brown silty fine sand with occasional gravel (loose, moist) (fill)

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A29

Log of Test Pit TP03

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/26/2007 RMBLogged By:
Shovel

E
le

va
tio

n 
(fe

et
)

Te
st

in
g 

S
am

pl
e

S
am

pl
e 

N
am

e
Te

st
in

g

D
ep

th
 (f

ee
t)

1

2

3

4

SAMPLE

G
ra

ph
ic

 L
og

G
ro

up
C

la
ss

ifi
ca

tio
n MATERIAL

DESCRIPTION

E
nc

ou
nt

er
ed

 W
at

er

S
he

en

NotesH
ea

ds
pa

ce
V

ap
or



TS

SP

Topsoil

Brown fine to medium sand with organic matter and metal debris (moist)
(fill)

No groundwater seepage observed
No caving observed

NS

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A30

Log of Test Pit TP03 (UBSS3)

Date Excavated:
Equipment: 3.0Total Depth (ft)

12/12/2007 SHLLogged By:
Shovel
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1

2
CA

3
CA

TS

SM

Duff and topsoil

Dark brown silty fine to medium sand with occasional gravel and cobbles
(loose, moist) (fill)

No groundwater seepage observed
No caving observed

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A31

Log of Test Pit TP04

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/27/2007 Logged By:
E
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1
CA

2
CA

CC

SP

SP

Concrete slab

Brown fine to medium sand with occasional fine gravel (loose, moist) (fill)

Gray fine to medium sand with occasional fine gravel (medium dense, wet)

Slow groundwater seepage observed at 3 feet
Moderate caving observed from 3 to 4 feet

NS

NS

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A32

Log of Test Pit TP05

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/27/2007 HSLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SP-SM

SP-SM

SP

Topsoil with brick fragments and burned organics (loose, moist) (fill)

Tan-brown fine to medium sand with silt and occasional brick fragments,
charcoal fragments (loose, moist) (fill)

Light brown fine to medium sand with orange brown lamination (loose,
moist to wet) (native soil)

Gray fine to medium sand with silt (loose, wet)

Moderate groundwater seepage observed at 6.5 feet
Moderate caving observed from 6.5 to 8 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A33

Log of Test Pit TP06

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SP-SM

SP-SM

Topsoil and duff with rootlets

Tan brown fine to medium sand with occasional bricks (loose, moist) (fill)

Tan brown fine to medium sand with lamination (loose, moist) (native soil)

Grades to gray, wet

Rapid groundwater seepage observed at 6.5 feet
Moderate caving observed from 6 to 7 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A34

Log of Test Pit TP07

Date Excavated:
Equipment: 7.0Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SM

SM

RBL

Topsoil and Duff

Dark brown and black silty fine to medium sand with occasional rock
fragments (loose, moist) (fill)

6 to 8 inch lenses of purple-orange silty fine to medium sand and black
charcoal-stained silty fine to medium sand with occasional charcoal;
brick fragments and yellow-white silty sand pods (medium dense,
moist)

Bricks encountered
Brown to medium coarse angular slag and brick fragments (loose, wet) (fill)

Rapid groundwater seepage observed at 7 feet
Severe caving observed from 6 to 7 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A35

Log of Test Pit TP08

Date Excavated:
Equipment: 7.5Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3

4
CA

TS

SP-SM

Duff and topsoil

Tan fine to medium sand with silt (loose, moist) (native soil)

Grades to wet

Slow groundwater seepage observed at 7.5 feet
Moderate caving observed from 7.5 to 8.5 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A36

Log of Test Pit TP09

Date Excavated:
Equipment: 8.5Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

2

3
CA

4
CA

TS

SM

SP-SM

SP-SM

Topsoil and duff

Tan-brown silty fine to medium sand with occasional gravel and brick
fragments (loose to medium dense, moist) (fill)

Tan-brown fine to medium sand with silt (loose, moist) (native soil)

Gray medium sand with gravel and silt (loose, wet)

Rapid groundwater seepage observed at 7.5 feet
Severe caving observed from 7.5 to 8.5 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A37

Log of Test Pit TP10

Date Excavated:
Equipment: 8.5Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1, 2
CA

3
CA

4
CA

TS

SM

SP-SM

Topsoil and duff

Dark gray silty fine to medium sand with silt lenses ( loose, moist) (fill)

Brick rubble encountered
- lumber and steel beam encountered

Gray fine to medium sand with silt (native soil)

Excavation refusal on tree roots

No groundwater seepage observed
No caving observed

HS

HS

MS

Product seep0.5

.5

1.5

Note: See Figure A-1 for explanation of symbols.
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Figure A38

Log of Test Pit TP11

Date Excavated:
Equipment: 7.0Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1

2
CA

3
CA

4
CA

GP

SM

SM

SP-SM

Crushed rock

Black fine to medium silty sand with gravel and occasional cobbles
(medium dense, moist) (fill)

Brown and rust brown silty fine to medium sand with occasional slag,
yellow-white bricks, and gravel (medium dense, moist)

Brown-tan fine to medium sand with occasional shell fragments (loose,
moist)

Large woody debris encountered

Grades to gray, wooden pile encountered

Sulfur odor, grades to wet

No groundwater seepage observed
Severe caving observed from 7 to 8 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A39

Log of Test Pit TP12

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SM

WD

SP-SM

SP-SM

Grass and topsoil

Tan-gray silty fine to medium sand with shell fragments (loose, moist) (fill)

Wood chips with sand and gravel (loose, moist) (fill)

Brown and gray fine to medium sand with silt and shell fragments (loose,
moist)

Gray medium sand with silt and shell fragments (loose, moist to wet)
(native soil)

Grades to wet
Moderate groundwater seepage observed at 8.5 feet
Minor caving observed from 7.5 to 8.5 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A40

Log of Test Pit TP13

Date Excavated:
Equipment: 8.5Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2

3
CA

4
CA

TS

WD

SP-SM

SP-SM

Grass and Topsoil

Wood chips with sand and occasional gravel (loose, moist) (fill)

Tan and gray fine to medium sand with silt and shell fragments (loose,
moist) (fill)

Gray fine to medium sand with silt and shell fragments (loose, wet) (native
soil)

Slow groundwater seepage observed at 7 feet
Moderate caving observed from 7 to 8 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A41

Log of Test Pit TP14

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/26/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

WD

SP-SM

SP-SM

Wood chips with rootlets and fine to medium silty sand (loose, moist) (fill)

Brown and gray fine to medium sand with silt and occasional shell
fragments (loose, moist)

Gray fine to medium sand with silt and occasional shell fragments (loose,
wet) (native soil)

Rapid groundwater seepage observed at 6.5 feet
Moderate caving observed from 7 to 8 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A42

Log of Test Pit TP15

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3

4
CA

TS

SP-SM

SP-SM

Grass and topsoil

Brown fine to medium sand with silt and occasional shell fragments (loose,
moist) (fill)

Gray fine to medium sand with silt and occasional shell fragments (loose,
wet) (native soil)

Rapid groundwater seepage observed at 7 feet
Moderate caving observed from 6.5 to 7.5 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A43

Log of Test Pit TP16

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

2

3
CA

4
CA

TS

WD

SP-SM

SP-SM

SP-SM

Grass and topsoil

Wood chips with occasional gravel (loose, moist) (fill)

Tan-brown sand with silt and occasional shell and coke fragments (loose,
moist) (fill)

Gray fine to medium sand with silt and occasional shell fragments (loose,
moist to wet)

Gray medium sand with silt and occasional shell fragments (loose, wet)
(native soil)

Moderate groundwater seepage observed at 8 feet
Minor caving observed from 7.5 to 8.5 feet

SS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A44

Log of Test Pit TP17

Date Excavated:
Equipment: 8.5Total Depth (ft)

6/26/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3

4
CA

TS

SM

SP-SM

SP-SM

Grass and topsoil

Dark brown silty fine to medium sand with wood chips,  white coke
fragments, rip rap, shell fragments,occasional red slag, and bricks
(loose, moist) (fill)

Brown and gray fine to medium sand with silt and occasional shell
fragments (loose, moist) (fill)

Gray fine to medium sand with occasional shell fragments and silt (loose,
wet) (native soil)

Moderate groundwater seepage observed at 7 feet
Moderate caving observed from 7 to 8.5 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A45

Log of Test Pit TP18

Date Excavated:
Equipment: 8.5Total Depth (ft)

6/26/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

WD

SP-SM

SP-SM

Wood chips with rootlets (loose, moist) (fill)

Brown and gray fine to medium sand with silt; occasional shell fragments
(loose, moist)

Grades to gray

Gray fine sand with occasional shells and sandy silt lenses (loose, wet)
(native soil)

Rapid groundwater seepage observed at 7 feet
Moderate caving observed from 7 to 8 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A46

Log of Test Pit TP19

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/21/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

4

SM

SP-SM

SP-SM

SM

Dark brown silty fine to medium sand with occasional cobbles (loose,
moist) (fill)

Tan-brown fine to medium sand with silt (loose, moist)

Gray fine to medium sand with shell fragments (loose, moist)

Black and brown fine silty sand with charcoal fragments, bricks, and
occasional white coke fragments (medium dense, wet)

No groundwater seepage observed
Severe caving observed from 6 to 9.5 feet

SS

NS

SS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A47

Log of Test Pit TP20

Date Excavated:
Equipment: 9.5Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2
CA

TS

SM

SM

Topsoil and duff

Dark brown silty fine to medium sand with red and yellow-white brick
fragments and occasional slag debris (loose, moist) (fill)

Tan-brown silty fine to medium sand with occasional brick fragments
(loose, moist)

No groundwater seepage observed
No caving observed

Note: See Figure A-1 for explanation of symbols.
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Figure A48

Log of Test Pit TP21

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1

TS

RBL

Topsoil and duff

Black coarse grained metal flakes with occasional slag cobbles and white
debris (loose, moist) (fill)

Brick rubble encountered in sand-sized matrix

No groundwater seepage observed
No caving observed

NS 0

Note: See Figure A-1 for explanation of symbols.
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Figure A49

Log of Test Pit TP22

Date Excavated:
Equipment: 2.0Total Depth (ft)

6/27/2007 RMBLogged By:
Shovel
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1
CA

2
CA

3

4
CA

TS

SP-SM

SP-SM

GM

Topsoil and duff (loose, moist) (fill)

Tan-brown fine to medium sand with silt and trace brick fragments (loose,
moist)

Brown fine to medium sand with silt (loose, moist) (native soil)

Gray silty gravel with sand (loose, wet)

Rapid groundwater seepage observed at 7 feet
Severe caving observed from 6 and 8 feet

NS

NS

NS

NS

0

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A50

Log of Test Pit TP23

Date Excavated:
Equipment: 8.0Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

TS

SP-SM

SM

Duff and topsoil

Tan-brown fine to medium sand with silt (loose, moist)  (fill)

Gray-black silty fine to medium sand with occasional bricks (loose, moist)

2-inch-diameter steel pipe encountered

No groundwater seepage observed
No caving observed

HS <1

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A51

Log of Test Pit TP24

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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TS

SM

Duff and topsoil

Gray silty fine to medium sand (loose, moist) (fill)

Refusal on flat lumber surface
No groundwater seepage observed
No caving observed

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A52

Log of Test Pit TP25

Date Excavated:
Equipment: 1.5Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

4
CA

TS

SP-SM

SP-SM

Topsoil and duff

Brown-tan fine to medium sand with occasional brick fragments (loose,
moist) (fill)

Gray fine to medium sand with silt (loose, moist) (native soil)

Moderate groundwater seepage observed at 7 feet
Severe caving observed from 6 to 7.5 feet

NS

NS

MS

HS

0

0

0

<1

Note: See Figure A-1 for explanation of symbols.
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Irondale, Washington

Figure A53

Log of Test Pit TP26

Date Excavated:
Equipment: 7.5Total Depth (ft)

6/22/2007 RMBLogged By:
Excavator
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1
CA

TS

SM

Duff and topsoil

Brown silty fine to medium sand (loose, wet) (native soil)

Slow groundwater seepage observed from 2 to 6 feet
Severe caving observed from 2 to 6 feet

NS 0

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A54

Log of Test Pit TP27

Date Excavated:
Equipment: 6.0Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SM

SM

SM

Duff and topsoil

Brown and gray silty fine to medium sand with silt lenses (loose, wet) (fill)

Gray silty fine to medium sand with occasional brick fragments (loose, wet)

Gray silty fine to medium sand with occasional gravel (dense, moist)

Moderate groundwater seepage observed at 3.5 feet
Minor caving observed from 3.5 to 6.5 feet

NS

SS

NS

Slight odor

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Irondale Iron and Steel Plant
Irondale, Washington

Figure A55

Log of Test Pit TP28

Date Excavated:
Equipment: 6.5Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

2
CA

3
CA

TS

SP-SM

SP-SM

Duff and topsoil

Tan-brown fine to medium sand with silt and occasional brick fragments
(loose, moist) (fill)

Grades to moist to wet

Gray medium to coarse sand with silt and gravel (loose, wet) (native soil)

Moderate groundwater seepage observed at 7 feet
Minor caving observed from 6 to 7.5 feet

NS

NS

NS

0

0

0

Note: See Figure A-1 for explanation of symbols.
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Figure A56

Log of Test Pit TP29

Date Excavated:
Equipment: 7.5Total Depth (ft)

6/25/2007 RMBLogged By:
Excavator
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1
CA

TS

SP-SM

Topsoil and duff

Tan-brown fine sand with occasional cobbles (loose, moist) (fill)

No groundwater seepage observed
No caving observed

SS 0

Note: See Figure A-1 for explanation of symbols.
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Figure A57

Log of Test Pit TP30

Date Excavated:
Equipment: 4.0Total Depth (ft)

6/26/2007 RMBLogged By:
Shovel
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1
CA

S Brown fine to medium sand with organic matter and metal debris (moist)
(fill)

No groundwater seepage observed
No caving observed

Note: See Figure A-1 for explanation of symbols.

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_T
E

S
TP

IT
_1

P
_E

N
V

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A58

Log of Test Pit TP30 (UBSS2)

Date Excavated:
Equipment: 1.5Total Depth (ft)

12/12/2007 SHLLogged By:
Shovel
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CC Rubble

Refusal at 1 foot on brick rubble
No groundwater seepage observed
No caving observed

Note: See Figure A-1 for explanation of symbols.
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Figure A59

Log of Test Pit TP31

Date Excavated:
Equipment: 1.0Total Depth (ft)

6/27/2007 RMBLogged By:
Shovel
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14

11

17

100

17

67

100

1
CA

2
CA

3
CA

4

SM

SM

SP

ML

Dark brown silty fine to medium sand with brick
and slag fragments (medium dense, moist)
(fill)

Brown fine to medium silty sand with slag
fragments (loose, moist)

- becomes wet

- grades to gray and black with occasional brick
fragments

Gray fine to medium sand with occasional gravel
and trace brick fragments (medium dense,
moist)

Gray silt with sand (very stiff, moist) (native soil)

NS

NS

SS

SS

NS

0

0

0

0

0

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

11

6.8

140 (lbs) / 30 (in) Drop

7.8

14.6

Note: See Figure A-1 for explanation of symbols.
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Figure A60

Log of BORING TP32

S
he

en

H
ea

ds
pa

ce
V

ap
or

REMARKS

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_E
N

V
IR

O
N

M
E

N
TA

L_
S

TA
N

D
A

R
D



14

50/6"

67

100

100

1
CA

2

3

SP

WD

Brown and black sand with occasional slag and
brick fragments (loose, moist) (fill)

Wood

Drilling refusal, moved drill rig 3 feet

NS

NS

0

0

Total
Depth (ft)12/11/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/11/2007

Drilling
Equipment

Latitude
Longitude N/A

9.5

7.5

140 (lbs) / 30 (in) Drop

5.8

13.3

Note: See Figure A-1 for explanation of symbols.
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Figure A61

Log of BORING TP33
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17

30

50/6"

50/6"

100

44

100

100

61

1
CA

2
CA

3

4

5a

5b

SP

SP

SP

ML

Brown fine to medium sand with silt (medium
dense, moist) (fill)

- brick and slag fragments encountered

- becomes wet

Brown fine to medium sand with brick and slag
fragments (dense, wet)

Gray fine to medium sand with occasional shell,
brick and metal fragments (dense, wet)

Gray silt with sand (very stiff, moist) (native soil)

NS

NS

NS

NS

NS

NS

0

0

0

0

0

0

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
AugerCascade DrillingDriller

Groundwater
Depth to
Water (ft)Date Measured Elevation (ft)

12/10/2007

Drilling
Equipment

Latitude
Longitude N/A

16

7.0

140 (lbs) / 30 (in) Drop

6.4

13.4

Note: See Figure A-1 for explanation of symbols.
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Figure A62

Log of BORING TP34
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5

10

100

67

100

1
CA

2
CA

3
CA

SP

SP

Brown fine to medium sand with silt and
occasional brick fragments (loose, moist)
(fill)

Becomes wet, grades to gray

Gray fine to medium sand (loose, wet) (native
soil)

SS

NS

NS

0

0

0

Total
Depth (ft)12/10/2007

Hammer
Data

System
Datum

Start End
Checked By
Logged By

RMB
Drilling
MethodDrilled

Notes:

RMB

Surface Elevation (ft)
Vertical Datum

Hollow Stem
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Figure A63

Log of BORING TP35
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Figure A64

Log of BORING TP35A
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Figure A65

Log of BORING TP36
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Note: See Figure A-1 for explanation of symbols.

FIELD DATA

W
at

er
 L

ev
el

B
lo

w
s/

fo
ot

D
ep

th
 (f

ee
t)

0

5

10

R
ec

ov
er

ed
 %

In
te

rv
al

C
ol

le
ct

ed
 S

am
pl

e

E
le

va
tio

n 
(fe

et
)

10

5

S
am

pl
e 

N
am

e
Te

st
in

g

G
ra

ph
ic

 L
og

G
ro

up
C

la
ss

ifi
ca

tio
n MATERIAL

DESCRIPTION

Sheet 1 of 1

Project:
Project Location:
Project Number: 0504-042-00

Irondale Iron and Steel Plant
Irondale, Washington

Figure A66

Log of BORING TP36A
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1
CA

2
CA

TS

SP

Brown fine to medium sand with organic matter (moist)

Brown fine to medium sand (moist) (native soil)

Brown medium to coarse sand (moist)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A67

Log of Test Pit TP37
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1
CA

2
cA

TS

SP

Brown fine to medium sand with organic matter (moist) (topsoil)

Brown fine to medium sand (moist) (native soil)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A68

Log of Test Pit TP38

Date Excavated:
Equipment: 6.0Total Depth (ft)

12/12/2007 SHLLogged By:
Shovel
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1
CA

2
CA

SP

SP

Brown fine to medium sand with organic matter and occasional gravel
(moist) (fill)

Light brown fine to medium sand (moist) (native soil)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A69

Log of Test Pit TP39

Date Excavated:
Equipment: 5.0Total Depth (ft)

12/12/2007 SHLLogged By:
Shovel
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1
CA

2
CA

TS

SP

Brown fine to medium sand with organic matter and slag (moist) (fill)

Brown fine sand (moist)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A70

Log of Test Pit TP40 (UBSS1)

Date Excavated:
Equipment: 5.0Total Depth (ft)

12/12/2007 SHLLogged By:
Shovel
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1
CA

2
CA

TS

SM

Dark brown silty fine to medium sand with occasional gravel and rootlets
(loose, moist) (topsoil)

Brown silty fine to medium sand with occasional gravel and shell fragments
(loose, moist) (fill)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A71

Log of Test Pit TP41

Date Excavated:
Equipment: 3.0Total Depth (ft)

12/12/2007 RMBLogged By:
Shovel

E
le

va
tio

n 
(fe

et
)

Te
st

in
g 

S
am

pl
e

S
am

pl
e 

N
am

e
Te

st
in

g

D
ep

th
 (f

ee
t)

1

2

3

SAMPLE

G
ra

ph
ic

 L
og

G
ro

up
C

la
ss

ifi
ca

tio
n MATERIAL

DESCRIPTION

E
nc

ou
nt

er
ed

 W
at

er

S
he

en

NotesH
ea

ds
pa

ce
V

ap
or



1
CA

2
CA

TS

SP

Topsoil

Brown fine to medium sand with organic matter and occasional gravel
(moist) (fill)

No groundwater seepage observed
No caving observed

NS

NS

Note: See Figure A-1 for explanation of symbols.
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Figure A72

Log of Test Pit TP42

Date Excavated:
Equipment: 6.0Total Depth (ft)

12/12/2007 RMBLogged By:
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gravel (medium dense, moist) (fill)

Black and brown sand with occasional gravel and
slag (medium dense, wet) (fill)
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laminated organic lenses (very dense, moist)
(native soil)

Gray sandy silt with occasional gravel and shell
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Figure A73

Log of BORING TP43

S
he

en

H
ea

ds
pa

ce
V

ap
or

REMARKS

S
ea

ttl
e:

  D
at

e:
4/

22
/0

9 
P

at
h:

P
:\0

\0
50

40
42

\G
IN

T\
05

04
04

20
0.

G
P

J 
 D

B
Te

m
pl

at
e/

Li
bT

em
pl

at
e:

G
E

O
E

N
G

IN
E

E
R

S
8.

G
D

T/
G

E
I8

_E
N

V
IR

O
N

M
E

N
TA

L_
S

TA
N

D
A

R
D



REVISED DRAFT 

 

APPENDIX B 
ANALYTICAL REPORTS (CD) AND DATA VALIDATION 

REPORTS 



 

 

DATA VALIDATION REPORT 
 

WASHINGTON DOE TOXICS CLEANUP PROGRAM 
REMEDIAL INVESTIGATION FEASIBLITY STUDY 

IRONDALE, WASHINGTON 
 

 

 

Prepared for: 

SAIC 
18912 North Creek Parkway, Suite 101 

Bothell, Washington  98011 
 

GeoEngineers, Inc. 
600 Stewart Street, Suite 1700 

Seattle, WA  98101 

Prepared by: 

EcoChem, Inc. 
710 Second Avenue, Suite 660 

Seattle, Washington  98104 
 

EcoChem Project:  C4122-7 
 

April 2, 2009 
 
 
 

Approved for Release ______________________________ 
 Christine Ransom 
 Project Manager 
 EcoChem, INC. 



INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the summary (Level III) data validation performed on 
groundwater and quality control (QC) sample data for the Washington Department of Ecology – 
Remedial Investigation Feasibility Study at Irondale, Washington.  A complete list of samples is 
provided in the Sample Index.  Analytical Resources, Inc., Tukwila, Washington performed all 
analyses.  The analytical methods and EcoChem project chemists are listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
SVOC-SIM SW8270D-SIM Jennifer Newkirk Eric Strout 

Diesel and Residual Range Hydrocarbons NWTPH-Dx Linda Holz Eric Strout 
Metals  SW6010B & EPA 200.8 Linda Holz Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.   

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

Data qualifier definitions, reason codes, and validation criteria are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 

jc  4/3/09 4:17:00 PM i EcoChem, Inc. 
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SAMPLE INDEX
Irondale - Groundwaters

SDG Sample ID
Laboratory ID

SVOC-
SIM

TPH-Dx Metals

MW04-090109 09-1271-OH58A   
MW05-090109 09-1272-OH58B   
MW03-090109 09-1273-OH58C   
MW02-090109 09-1274-OH58D   
MW02-090109-DUPE 09-1275-OH58E   
MW04-090109 09-1276-OH58F 
MW05-090109 09-1277-OH58G 
MW03-090109 09-1278-OH58H 
MW02-090109 09-1279-OH58I 
MW02-090109-DUPE 09-1280-OH58J 

OH58

4/6/09
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Metals by Methods SW6010B and E200.8 

This report documents the review of analytical data from the analyses of groundwater samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the Sample Index. 

SDG Number of Samples Validation Level 
OH58 5 Groundwater Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative.  

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%).  

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed in the following table: 
1 Holding Times  and Sample Preservation  Matrix Spikes (MS) 
 Initial Calibration   Laboratory Duplicates 
 Calibration Verification  2 Field Duplicates 
 CRDL Standards  Interference Check Samples 

 Laboratory Blanks  Serial Dilutions 
 Laboratory Control Samples (LCS) 1 Reported Results 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

jc  4/3/09 4:17:00 PM MET - 1 EcoChem, Inc. 
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Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the RL for a given analyte; otherwise, the difference between the two results is 
used to evaluate precision.  For water matrices, the RPD control limit is 35% or the difference must 
be less than the RL.   

Data for one set of field duplicates were submitted:  MW02-090109 and MW02-090109-DUPE.  The 
RPD values for total iron (67.3%) and dissolved copper (52.6%) were greater than the 35% control 
limit.  The total iron and dissolved copper results for these two samples were estimated (J-9). 

Reported Results 

Some results for dissolved arsenic and nickel were slightly higher than for the total fraction.  The 
results fell within normal analytical precision and no action was necessary.  

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory and field replicate RPD values indicated acceptable precision, except as noted above.  
Accuracy was also acceptable, as demonstrated by the matrix spike and  laboratory control sample 
recoveries. 

Data were estimated based on a field duplicate precision outlier.   

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Selected Semivolatiles by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of groundwater samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the Sample Index. 

SDG Number of Samples Validation Level 

OH58 5 Groundwater  Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

SDG OH58:  There was a calibration calculation error in the data submitted by the laboratory. 
Results were recalculated correctly and a revised hardcopy and electronic data deliverable were 
submitted. 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed in the following table: 

1 Holding Times and Sample Preservation  Laboratory Control Samples (LCS) 
 GC/MS Instrument Performance Check  Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 
 Initial Calibration (ICAL)  Internal Standards 
 Continuing Calibration (CCAL) 2 Field Duplicates 

2 Laboratory Blanks   Target Analyte List 
 Field Blanks  Reporting Limits 
 Surrogate Compounds  Reported Results 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

4/6/2009 SVOC SIM - 1 EcoChem, Inc. 
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Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

Laboratory Blanks 

To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times the concentration reported in the blank.  If a contaminant is reported in an 
associated field sample and the concentration is less than the action level, the result is qualified as 
not detected (U-7).  If the result is also less than the reporting limit, then the result is elevated to the 
reporting limit.  No action is taken if the sample result is greater than the action level, or for 
non-detected results. 

Method blanks were analyzed at the appropriate frequency.  Various target analytes were detected in 
the method blanks, however, only the following analytes were qualified as not detected in one or more 
samples. 

A total of three naphthalene results were qualified as not-detected (U-7). 

Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the RL for a given analyte; otherwise, the difference between the two results is 
used to evaluate precision.  For water matrices, the RPD control limit is 35% or the difference must 
be less than the RL.   

One set of field duplicates (MW02-090109 and MW02-090109-DUPE) were submitted.  The 
benzo(a)pyrene difference value was greater than the reporting limit.  The benzo(a)pyrene results 
were estimated (J/UJ-9) in the parent and duplicate samples. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD), and laboratory control sample recoveries.  Precision was also acceptable as 
demonstrated by the MS/MSD and field duplicate RPD values, with the exception noted above. 

Data were estimated based on a field duplicate precision outlier.  Data were qualified as not detected 
based on contamination in the associated method blank. 

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of groundwater samples and 
the associated laboratory and field quality control (QC) samples.  Samples were analyzed by 
Analytical Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the 
Sample Index. 

SDG Number of Samples Validation Level 

OH58 5 Groundwater Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 
1 Holding Times and Sample Preservation  Laboratory Control Samples (LCS/LCSD) 
 Initial Calibration (ICAL) 2 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 
 Blanks (Method)  Reporting Limits 
 Field Blanks  Reported Results 
 Surrogate Compounds  Compound Identification and Quantification 
 Matrix Spike/Matrix Spike Duplicates (MS/MSD)   

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

jc 4/3/09 3:41:00 PM TPHDx - 1 EcoChem, Inc. 
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Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the reporting limit (RL) for a given analyte; otherwise, the difference between the 
two results is used to evaluate precision.  For water matrices, the RPD value control limit is 35% or 
the difference must be less than the RL.   

One set of field duplicates, MW02-090109 and MW02-090109-DUPE, was submitted.  The 
difference of the diesel range hydrocarbon results was greater than the RL.  The diesel results were 
estimated (J/UJ-9) in these two samples. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD) and laboratory control sample percent recovery (%R) values.  Precision was also 
acceptable, as demonstrated by the field duplicate and MS/MSD RPD values, with the exception 
noted above. 

Data were estimated based on a field duplicate precision outlier.   

All data, as qualified, are acceptable for use. 
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DATA VALIDATION QUALIFIER CODES 
National Functional Guidelines 

 
 

The following definitions provide brief explanations of the qualifiers assigned to results in the 
data review process. 

 

U The analyte was analyzed for, but was not detected 
above the reported sample quantitation limit. 

J The analyte was positively identified; the associated 
numerical value is the approximate concentration of the 
analyte in the sample. 

N The analysis indicates the presence of an analyte for 
which there is presumptive evidence to make a 
“tentative identification”. 

NJ The analysis indicates the presence of an analyte that 
has been “tentatively identified” and the associated 
numerical value represents the approximate 
concentration. 

UJ The analyte was not detected above the reported 
sample quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the 
sample. 

R The sample results are rejected due to serious 
deficiencies in the ability to analyze the sample and 
meet quality control criteria.  The presence or absence 
of the analyte cannot be verified.  

The following is an EcoChem qualifier that may also be assigned during the data review process:

DNR Do not report; a more appropriate result is reported 
from another analysis or dilution. 

 

 



DATA QUALIFIER REASON CODES 
 

 1 Holding Time/Sample Preservation 

 2 Chromatographic pattern in sample does not match pattern of calibration standard. 

 3 Compound Confirmation 

 4 Tentatively Identified Compound (TIC) (associated with NJ only) 

 5A Calibration (initial) 

 5B Calibration (continuing) 

 6 Field Blank Contamination 

 7 Lab Blank Contamination (e.g., method blank, instrument, etc.) 

 8 Matrix Spike(MS & MSD) Recoveries 

 9 Precision (all replicates) 

 10 Laboratory Control Sample Recoveries 

 11 A more appropriate result is reported (associated with “R” and “DNR” only) 

 12 Reference Material 

 13 Surrogate Spike Recoveries (a.k.a., labeled compounds & recovery standards) 

 14 Other (define in validation report) 

 15 GFAA Post Digestion Spike Recoveries 

 16 ICP Serial Dilution % Difference 

 17 ICP Interference Check Standard Recovery 

 18 Trip Blank Contamination 

 19 Internal Standard Performance (e.g., area, retention time, recovery) 

 20 Linear Range Exceeded 

 21 Potential False Positives 

 22 Elevated Detection Limit Due to Interference (i.e., laboratory, chemical and/or matrix) 

 

T:\Controlled Docs\Qualifiers & Reason Codes\Reason Codes-EcoChem.doc  EcoChem, Inc. 
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DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 4°C ±2°
J(+)/UJ(-) if greater than 6 deg. C

(EcoChem PJ)
1

Holding Time
Water:  7 days from collection  
Soil:  14 days from collection 

Analysis:  40 days from extraction 

Water: 
J(+)/UJ(-) if ext. > 7 and < 21 days

J(+)/R(-) if ext > 21 days   (EcoChem PJ)

Solids/Wastes:
J(+)/UJ(-) if ext. > 14 and < 42 days

J(+)/R(-) if ext. > 42 days   (EcoChem PJ)

J(+)/UJ(-) if analysis >40 days

1

Tuning
DFTPP

Beginning of each 12 hour period
Method acceptance criteria

R(+/-) all analytes in all samples
associated with the tune

5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5A

%RSD < 30%
(EcoChem PJ, see TM-06)

J(+) if %RSD > 30%
5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5B

 %D <25%

(EcoChem PJ, see TM-06)

If  > +/-90%:  J+/R-
If  -90% to -26%: J+ (high bias)

If  26% to 90%: J+/UJ- (low bias)

5B

U(+) if sample (+) result is less than CRQL and
 less than appropriate 5X or 10X rule

 (raise sample value to CRQL)
7

U(+) if sample (+) result is greater than or equal to CRQL and 
less than appropriate 5X and 10X rule (at reported sample 

value)
7

No TICs present R(+) TICs using 10X rule 7

Field Blanks
(Not Required)

No results > CRQL Apply 5X/10X rule; U(+) < action level 6

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

Method Blank
One per matrix per batch

No results > CRQL

Initial Calibration
(Minimum 5 stds.)

Continuing Calibration
(Prior to each 12 hr. 

shift)

T:\Controlled Docs\Criteria Tables\EcoChem Default\EcoChem NFG Organic Criteria.xlsNFG-SVOC Copyright 2005 EcoChem, Inc.



DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

MS/MSD (recovery)
One per matrix per batch

Use method acceptance criteria

Qualify parent only unless other QC indicates 
systematic problems:
J(+) if both %R > UCL  

J(+)/UJ(-) if both %R < LCL
J(+)/R(-) if both %R < 10%
       PJ if only one %R outlier

8

MS/MSD
(RPD)

One per matrix per batch
Use method acceptance criteria

J(+) in parent sample if RPD > CL 9

LCS
low conc. H2O SVOA

One per lab batch
Within method control limits

J(+) assoc. cmpd if > UCL
J(+)/R(-) assoc. cmpd if < LCL

J(+)/R(-) all cmpds if half are < LCL
10

LCS
regular SVOA (H2O & 

solid)

One per lab batch
Lab or method control limits

J(+) if %R > UCL    J(+)/UJ(-) if %R <LCL
J(+)/R(-) if %R < 10% (EcoChem PJ)

10

LCS/LCSD
(if required)

One set per matrix and batch of 20 samples
RPD < 35%

J(+)/UJ(-) assoc. cmpd. in all samples 9

Surrogates
Minimum of 3 acid and 3 base/neutral 

compounds
Use method acceptance criteria

Do not qualify if only 1 acid and/or 1 B/N
surrogate is out unless <10%

J(+) if %R > UCL      J(+)/UJ(-) if %R < LCL
J(+)/R(-) if %R < 10%

13

Internal Standards

Added to all samples
Acceptable Range: IS area 50% to 200% of 

CCAL area
RT within 30 seconds of CC RT

J(+) if  > 200%
J(+)/UJ(-) if  < 50%
J(+)/R(-) if  < 25%

RT>30 seconds, narrate and Notify PM

19

Field Duplicates

Use QAPP limits.  If no QAPP: 
Solids:  RPD <50%

OR absolute diff. < 2X RL (for results < 5X RL)

Aqueous: RPD <35%
OR absolute diff. < 1X RL (for results < 5X RL)

Narrate and qualify if required by project
(EcoChem PJ)

9

TICs
Major ions (>10%) in reference must

be present in sample; intensities
agree within 20%; check identification

NJ the TIC unless:
R(+) common laboratory contaminants

See Technical Director for ID issues

4

Quantitation/
Identification

RRT within 0.06 of standard RRT
Ion relative intensity within 20% of standard

All ions in std. at > 10% intensity must 
be present in sample

See Technical Director if outliers
14

21 (false +)
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DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE
Cooler Temperature & 

Preservation
4°C±2°C

Water: HCl to pH < 2
J(+)/UJ(-) if greater than 6 deg. C 1

Holding Time

Ext. Waters: 14 days preserved
 7 days unpreserved
Ext. Solids: 14 Days

Analysis: 40 days from extraction

J(+)/UJ(-) if hold times exceeded
J(+)/R(-) if exceeded > 3X

(EcoChem PJ)
1

Initial Calibration

5 calibration points
(All within 15% of true value)

Linear Regression:  R2 >0.990
If used, RSD of response factors <20%

Narrate if fewer than 5 calibration levels
or if %R >15%

J(+)/UJ(-) if R2 <0.990 
J(+)/UJ(-) if %RSD > 20%

5A

Mid-range Calibration 
Check Std.

Analyzed before and after each analysis shift & 
every 20 samples.

Recovery range 85% to 115%

Narrate if frequency not met.

J(+)/UJ(-) if %R < 85%
J(+) if %R >115%

5B

U  (at the RL) if sample result is
 < RL & < 5X blank result.

7

U (at reported sample value) if sample  result is > 
RL and < 5X blank result

7

Field Blanks
(if required by project)

No results > RL
Action is same as method blank for positive results 

remaining in the field blank after method blank 
qualifiers are assigned.

6

MS samples (accuracy)
(if required by project)

%R within lab control limits

Qualify parent only, unless other QC indicates 
systematic problems.

J(+) if both %R > upper control limit (UCL)
J(+)/UJ(-) if both %R < lower control limit (LCL)

No action if parent conc. >5X the amount spiked.
Use PJ if only one %R outlier

8

Precision:
MS/MSD or LCS/LCSD 

or sample/dup

At least one set per batch (<10 samples)
RPD < lab control limit

J(+) if RPD  > lab control limits 9

LCS
(not required by method)

%R within lab control limits

J(+)/UJ(-) if %R < LCL
J(+) if %R  > UCL

J(+)/R(-) if any %R <10%
(EcoChem PJ)

10

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

At least one per batch (<10 samples)
No results >RL

Method Blank
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DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

Surrogates

2-fluorobiphenyl, p-terphenyl, o-terphenyl, 
and/or pentacosane added to all samples (inc. 

QC samples).

%R = 50-150% 

J(+)/UJ(-) if %R < LCL
J(+) if %R > UCL 

J(+)/R(-) if any %R <10%
No action if 2 or more surrogates are used, and 
only one is outside control limits.  (EcoChem PJ)

13

Pattern Identification

Compare sample chromatogram to standard 
chromatogram to ensure range and pattern are 

reasonable match.
Laboratory may flag results which have poor 

match.

J(+) 2

Field Duplicates

Use project control limits, if stated in QAPP

EcoChem default:
water: RPD < 35%
solids: RPD < 50%

Narrate (Use Professional Judgement to qualify) 9

Two analyses
for one sample (dilution)

Report only one result per
analyte

"DNR" (or client requested qualifier) all results that 
should not be reported.

(See TM-04)
11
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DATA VALIDATION CRITERIA Table No.:  NFG-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 1 of 4

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                         

For Dissolved Metals:  0.45um filter & preserve after 
filtration

Tissues: Frozen

EcoChem Professional Judgment - no qualification based 
on cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r > 0.995
J(+)/UJ(-) if r < 0.995 (multi point cal) 5A

Initial Calibration 
Verification (ICV) 

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing 
Calibration 

Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

%R within ±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blank

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
(Refer to TM-02 for additional information)

7

Reporting Limit 
Standard 

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Sb, Pb, Tl)

R(-)/J(+) < 2x RL if %R <50% (< 30% Sb, Pb, Tl)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30-49% Sb, Pb,Tl) 
 J(+) < 2x RL if %R 130-180% (150-200% Sb, Pb, Tl) 

R(+) < 2x RL if %R > 180% (200% Sb, Pb, Tl) 

14

Interference Check 
Samples

(ICSA/ICSAB)

ICSAB %R 80 - 120%  for all spiked elements      
 | ICSA | < MDL for all unspiked elements except: K, Na

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R= 50 to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)
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DATA VALIDATION CRITERIA Table No.:  NFG-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 2 of 4

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)

One per matrix per batch 

Blank Spike:  %R within 80-120%
R(+/-) if %R < 50% 

J(+)/UJ(-) if %R = 50-79%
J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance 
range or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

Matrix Spikes
One per matrix per batch 

75-125% for samples less than 4x spike level

J(+) if %R > 125% 
J(+)/UJ(-) if %R < 75% 

J(+)/R(-) if %R < 30% or 
J(+)/UJ(-) if Post Spike %R 75-125%

Qualify all samples in batch

8

Post-digestion Spike
If  Matrix Spike is outside 75-125%, 

spike at twice the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples >RL and < 5x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL (2x RL for solids)
qualify all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample conc. > 50x MDL
J(+)/UJ(-) if %D >10%

qualify all samples in batch
16

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < action level
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20

Laboratory Control 
Sample (LCS)

10
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DATA VALIDATION CRITERIA Table No.:  NFG-ICPMS
Revision No.:  Draft

Last Rev. Date: Draft
Page: 3 of 4

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                            

For Dissolved Metals:  0.45um filter & preserve after filtration

EcoChem Professional Judgment - no qualification based on 
cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Tune 

Prior to ICAL
monitoring compounds analyzed 5 times wih Std Dev. < 5%

mass calibration <0.1 amu from True Value
Resolution < 0.9 AMU @ 10% peak height or 

<0.75 amu @ 5% peak height

Use Professional Judgment to evaluate tune
J(+)/UJ(-) if tune criteria not met

5A

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r>0.995
J(+)/UJ(-)  if r<0.995 (for multi point cal) 5A

Initial Calibration 
Verification  (ICV)

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Reporting Limit 
Standard  (CRI)

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Co,Mn, Zn)

R(-),(+) < 2x RL if %R < 50% (< 30% Co,Mn, Zn)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30%-49% Co,Mn, Zn) 

J(+) < 2x  RL if %R 130%-180% (150%-200% Co,Mn, Zn) 
R(+) < 2x RL if %R > 180% (200% Co, Mn, Zn) 

14

Interference Check 
Samples

(ICSA/ICSAB)

Required by SW 6020, but not 200.8
ICSAB %R 80% - 120%  for all spiked elements      
 | ICSA | <  IDL (MDL) for all unspiked elements 

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R = 50% to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

One per matrix per batch 
Blank Spike:  %R within 80%-120%

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance range 
or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

10
Laboratory Control 

Sample (LCS)
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DATA VALIDATION CRITERIA Table No.:  NFG-ICPMS
Revision No.:  Draft

Last Rev. Date: Draft
Page: 4 of 4

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

Matrix Spike/ 
Matrix Spike Duplicate 

(MS/MSD)

One per matrix per batch 
75-125% for samples where results 

do not exceed 4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 
J(+)/R(-) if %R<30% or 

J(+)/UJ(-) if Post Spike %R 75%-125%
Qualify all samples in batch

8

Post-digestion Spike
If Matrix Spike is outside 75-125%,

Spike parent sample at 2x the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples > RL and < 5 x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample values > 50x MDL
J(+)/UJ(-) if %D >10%
All samples in batch

16

Internal Standards
Every sample

 SW6020:  60%-125% of cal blank IS
200.8:  30%-120% of cal blank IS

J (+)/UJ (-)  all analytes associated with IS outlier 19

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20

I:\A2-DRAFT QA DOCUMENTS\CT-Criteria Tables\Draft EcoChem Inorganic.xlsNFG-ICPMS Copyright 2006 EcoChem, Inc.



 

APPENDIX B 
QUALIFIED DATA SUMMARY TABLE 

JC  06/14/95 10:12 AM 
I:\APPENDICES\APPENDIX.DOC 



Qualified Data Summary 
Irondale - Groundwaters

SDG SAMPLE ID LAB ID ANALYTE RESULT UNITS LAB QUAL DV QUAL DV REASON
OH58 MW02-090109 09-1274-OH58D Diesel Range Hydrocarbons 0.72 mg/L J 9

OH58 MW02-090109-DUPE 09-1275-OH58E Diesel Range Hydrocarbons mg/L U UJ 9

OH58 MW02-090109 09-1274-OH58D Iron 1430 ug/l J 9

OH58 MW02-090109-DUPE 09-1275-OH58E Iron 710 ug/l J 9

OH58 MW02-090109 09-1279-OH58I Copper 12 ug/l J 9

OH58 MW02-090109-DUPE 09-1280-OH58J Copper 7 ug/l J 9

OH58 MW04-090109 09-1271-OH58A Naphthalene 0.012 ug/L B U 7

OH58 MW05-090109 09-1272-OH58B Naphthalene 0.012 ug/L B U 7

OH58 MW03-090109 09-1273-OH58C Naphthalene 0.010 ug/L B U 7

OH58 MW02-090109 09-1274-OH58D Benzo(a)pyrene ug/L U UJ 9

OH58 MW02-090109-DUPE 09-1275-OH58E Benzo(a)pyrene 0.032 ug/L J 9

4/6/09
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INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the summary (Level III) data validation performed on 
sediment, soil, tissue, and quality control (QC) sample data for the Washington Department of 
Ecology – Remedial Investigation Feasibility Study at Irondale, Washington.  A complete list of 
samples is provided in the Sample Index.  Analytical Resources, Inc., Tukwila, Washington 
performed all analyses.  The analytical methods and EcoChem project chemists are listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
Diesel and Residual Range Hydrocarbons NWTPH-Dx Mark Brindle 

Metals  SW6010B & EPA 200.8 

Arsenic Speciation EPA 6800 

Total Solids E160.3 

Linda Holz 
Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.   

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

Data qualifier definitions, reason codes, and validation criteria are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 

jc  9/10/2008 11:33:00 AM i EcoChem, Inc. 
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SAMPLE INDEX
SAIC - Irondale

SDG Sample ID Laboratory ID TPH-Dx Metals Arsenic Speciation Total Solids
MZ93 TP22-ASP-080606-3 08-12045-MZ93A
MZ93 TP03-ASP-080606-2 08-12046-MZ93B
MZ93 TP32-ASP-080606-3 08-12047-MZ93C
MZ93 TP08-ASP-080606-4 08-12048-MZ93D
MZ93 TP12-BA-080605-2 08-12049-MZ93E
MZ93 TP18-BA-080605-2 08-12050-MZ93F
MZ93 GEI-SS1-BA-080605-1 08-12051-MZ93G
MZ93 TP10-BA-080605-1 08-12052-MZ93H
MZ93 TP41-BA-080605-2 08-12053-MZ93I
MZ93 TP42-BA-080605-2.5 08-12054-MZ93J
MZ93 DP01-BA-080605-4 08-12055-MZ93K
MZ93 DP06-BA-080605-1 08-12056-MZ93L
MZ93 TP02-BA-080605-2.5 08-12057-MZ93M
MZ93 TP38-BA-080605-2 08-12058-MZ93N
MZ93 TP40-BA-080605-1 08-12059-MZ93O
MZ93 TP40-CP-080605 08-12060-MZ93P
MZ93 TP40-CS-080605 08-12061-MZ93Q
MZ93 TP15-CS-080606-2 08-12062-MZ93R
MZ93 TP22-BS-080606-3 08-12063-MZ93S
MZ93 TP03-BS-080606-2 08-12064-MZ93T
MZ93 TP03-CP-080606 08-12065-MZ93U
MZ93 TP03-CS-080606 08-12066-MZ93V
MZ93 TP32-BA-080606-3 08-12067-MZ93W
MZ93 TP32-CP-080606 08-12068-MZ93X
MZ93 TP32-CS-080606 08-12069-MZ93Y
MZ93 TP24-BA-080606-3 08-12070-MZ93Z
MZ93 TP11-BA-080606-3 08-12071-MZ93AA
MZ93 TP08-BA-080606-4 08-12072-MZ93AB
MZ93 TP23-BA-080606-2 08-12073-MZ93AC
NC19 CONTROL 08-13380-NC19A
NC19 TP-23 08-13381-NC19B
NC19 TP-11 100% 08-13382-NC19C
NC19 TP-11 50% 08-13383-NC19D
NC19 TP-11 25% 08-13384-NC19E
NC19 TP-11 12% 08-13385-NC19F
NC19 TP-11 6% 08-13386-NC19G
NC19 TP-11 3% 08-13387-NC19H
NC90 TP40-CP-080605 08-13811-NC90A
NC90 TP03-CP-080606 08-13812-NC90B
NC90 TP32-CP-080606 08-13813-NC90C

9/9/2008
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of soil and sediment samples and 
the associated laboratory and field quality control (QC) samples.  Samples were analyzed by 
Analytical Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the 
individual samples. 

SDG Number of Samples Validation Level 
MZ93 4 Soil Summary 

NC19 8 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt  Laboratory Control Samples (LCS/LCSD) 
 Initial Calibration (ICAL)  Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 
 Blanks (Method) 1 Reporting Limits (MDL and MRL) 
 Field Blanks  Compound Identification and Quantification 

1 Surrogate Compounds  Calculation Verification (Full validation only) 
 Matrix Spike/Matrix Spike Duplicates (MS/MSD)   

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Receipt 

SDG MZ93:  The validation guidance documents state that the cooler temperatures should be within 
an advisory temperature range of 2° to 6°C.  The laboratory received one of two sample coolers with 
a temperature outside the advisory control limits, at 8.2ºC.  This temperature outlier did not impact 
data quality and no qualifiers were required. 

9/10/2008 TPHDx - 1 EcoChem, Inc. 
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Surrogate Compounds 

SDG MZ93:  The surrogate compound o-terphenyl was not recovered in Samples 
TP24-BA-080606-3 and TP11-BA-080606-3.  Both samples were analyzed at 10x dilutions.  No 
action was necessary. 

SDG NC19:  The surrogate compound o-terphenyl was not recovered in Samples TP-11 100% and 
TP-11 50%.  These samples were analyzed at 20x and 50x dilutions, respectively.  No action was 
necessary. 

Reporting Limits 

SDG MZ93:  Samples TP24-BA-080606-3 and TP11-BA-080606-3 were analyzed at 10x dilution.  
The reporting limits were adjusted accordingly. 

SDG NC19:  Samples TP-11 100% (20x), TP-11 50% (50x), and TP-11 25% (20x) were analyzed at 
dilution.  The reporting limits were adjusted accordingly. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD), and laboratory control sample/laboratory control sample duplicate (LCS/LCSD) %R 
values, with the exceptions noted above.  Precision was also acceptable as demonstrated by the 
MS/MSD and LCS/LCSD relative percent difference values. 

No data were qualified for any reason.  All data, as reported, are acceptable for use. 

9/10/2008 TPHDx - 2 EcoChem, Inc. 
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DATA VALIDATION REPORT 
Washington DOE Toxic Cleanup 

Irondale RI/FS 
Metals by Methods SW6010B, EPA 200.8 and  

Total Solids by Method 160.3 

This report documents the review of analytical data from the analyses of soil and tissue samples and 
the associated laboratory quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. 

SDG Number of Samples Validation Level 
MZ93 18 Soil and 3 Tissue Summary 

NC90 3 Tissue (Total Solids only) Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative.  

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%).  The 
following errors were found: 

SDG MZ93:  The lead result for Sample GEI-SS1-BA-080605-1 and the arsenic result for the 
laboratory control sample 08-12060-MZ93LCS were missing from the EDD.  The results were 
added and no further action was taken. 

III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 
1 Holding Times  and Sample Preservation  Matrix Spikes (MS) 
 Initial Calibration  2 Laboratory Duplicates 
 Calibration Verification   Interference Check Samples 
 CRDL Standards  Field Duplicates 

 Laboratory Blanks  Serial Dilutions 
 Field Blanks  Reported Results 
2 Laboratory Control Samples (LCS)  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

9/10/2008 MET - 1 EcoChem, Inc. 
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Holding Times and Sample Preparation 
The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C.  One cooler was received at the laboratory at a temperature outside 
of these limits, with a temperature of 8.2°C.  This temperature outlier did not impact data quality and 
no action was taken. 

Laboratory Control Samples 

SDG MZ93:  For the laboratory control sample (LCS) associated with the soil samples, the recovery 
for zinc (128%) was greater than the upper control limit of 120%.  The associated samples were 
estimated (J-10) to indicate a potential high bias.   

Laboratory Duplicates 

SDG MZ93:  The relative percent difference (RPD) for nickel (50.8%) was greater than the control 
limit of 35% for the soil samples.  The associated nickel results were estimated (J-9). 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory RPD values indicated acceptable precision, except as previously noted.  Accuracy was 
also acceptable as demonstrated by the matrix spike and LCS %R values, except as noted above. 

Data were estimated based on LCS recovery and laboratory duplicate RPD outliers.  

All data, as qualified, are acceptable for use. 

9/10/2008 MET - 2 EcoChem, Inc. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Arsenic Speciation by Method SW6800 

This report documents the review of analytical data from the analyses of soil samples and the 
associated laboratory quality control (QC) samples.  Applied Speciation and Consulting, LLC, 
Tukwila, Washington analyzed the samples. 

SDG Number of Samples Validation Level 
MZ93 4 Soil Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

The sample result summary forms stated incorrect units of ug/L.  Samples were reported in mg/kg. 

II. EDD TO HARDCOPY VERIFICATION 

No EDDs were supplied.  The results were entered into the database by EcoChem.  

III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 

 Holding Times  and Sample Preservation 2 Matrix Spike/Matrix Spike Duplicates  
 Initial Calibration   Laboratory Duplicates 
2 Calibration Verification   Reported Results 
1 Laboratory Blanks  Calculation Verification (Full validation only) 
 Laboratory Control Samples    

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Calibration Verification 
The calibration verifications for arsenic (V) were greater than the upper control limit of 110%.  The 
associated results were estimated (J-5B) to indicate a possible high bias. 

Laboratory Blanks 
The laboratory analyzed for separate preparation blanks and averaged the results.  The average value 
for arsenic (V) was greater than the method detection limit.  In order to establish the effect on the 
sample data an action level was established at five times this value.  All associated sample results 
were greater than the action level, therefore no qualification of data was necessary.  

9/10/2008 Arsenic - 1 EcoChem, Inc. 
L:\SAIC Bothell 41\C04122.006\4122-6_Arsenic.doc 



Matrix Spike/Matrix Spike Duplicates 
The matrix spike/matrix spike duplicate (MS/MSD) recoveries for arsenic (III) were less than 10%.  
The laboratory stated that the nature of the sample matrix converted the arsenic (III) to arsenic (V).  
This was supported by the arsenic mass balance for the matrix spikes.  Because the low recoveries 
were not due to problems with the sample preparation procedure, the arsenic (III) results were 
estimated (J/UJ-8) instead of being rejected. 

Reported Results 
Sample results were instrument blank corrected.  The instrument blank results were less than the 
method reporting limit (MRL).   

All sample results are reported in units of mg/kg on an “as received basis”.   

III. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  
Accuracy was acceptable as demonstrated by the MS/MSD recovery values, with the exceptions 
previously noted.  The MS/MSD and laboratory duplicate relative percent difference values 
indicated acceptable precision.  

Data were estimated based on continuing calibration and MS/MSD recovery outliers.   

All data, as qualified, are acceptable for use. 

9/10/2008 Arsenic - 2 EcoChem, Inc. 
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DATA QUALIFIER REASON CODES 
 

 1 Holding Time/Sample Preservation 

 2 Chromatographic pattern in sample does not match pattern of calibration standard. 

 3 Compound Confirmation 

 4 Tentatively Identified Compound (TIC) (associated with NJ only) 

 5A Calibration (initial) 

 5B Calibration (continuing) 

 6 Field Blank Contamination 

 7 Lab Blank Contamination (e.g., method blank, instrument, etc.) 

 8 Matrix Spike(MS & MSD) Recoveries 

 9 Precision (all replicates) 

 10 Laboratory Control Sample Recoveries 

 11 A more appropriate result is reported (associated with “R” and “DNR” only) 

 12 Reference Material 

 13 Surrogate Spike Recoveries (a.k.a., labeled compounds & recovery standards) 

 14 Other (define in validation report) 

 15 GFAA Post Digestion Spike Recoveries 

 16 ICP Serial Dilution % Difference 

 17 ICP Interference Check Standard Recovery 

 18 Trip Blank Contamination 

 19 Internal Standard Performance (e.g., area, retention time, recovery) 

 20 Linear Range Exceeded 

 21 Potential False Positives 

 22 Elevated Detection Limit Due to Interference (i.e., laboratory, chemical and/or matrix) 
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DATA VALIDATION QUALIFIER CODES 
National Functional Guidelines 

 
 

The following definitions provide brief explanations of the qualifiers assigned to results in the 
data review process. 

 

U The analyte was analyzed for, but was not detected 
above the reported sample quantitation limit. 

J The analyte was positively identified; the associated 
numerical value is the approximate concentration of the 
analyte in the sample. 

N The analysis indicates the presence of an analyte for 
which there is presumptive evidence to make a 
“tentative identification”. 

NJ The analysis indicates the presence of an analyte that 
has been “tentatively identified” and the associated 
numerical value represents the approximate 
concentration. 

UJ The analyte was not detected above the reported 
sample quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the 
sample. 

R The sample results are rejected due to serious 
deficiencies in the ability to analyze the sample and 
meet quality control criteria.  The presence or absence 
of the analyte cannot be verified.  

The following is an EcoChem qualifier that may also be assigned during the data review process:

DNR Do not report; a more appropriate result is reported 
from another analysis or dilution. 

 

 



DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE
Cooler Temperature & 

Preservation
4°C±2°C

Water: HCl to pH < 2
J(+)/UJ(-) if greater than 6 deg. C 1

Holding Time

Ext. Waters: 14 days preserved
 7 days unpreserved
Ext. Solids: 14 Days

Analysis: 40 days from extraction

J(+)/UJ(-) if hold times exceeded
J(+)/R(-) if exceeded > 3X

(EcoChem PJ)
1

Initial Calibration

5 calibration points
(All within 15% of true value)

Linear Regression:  R2 >0.990
If used, RSD of response factors <20%

Narrate if fewer than 5 calibration levels
or if %R >15%

J(+)/UJ(-) if R2 <0.990 
J(+)/UJ(-) if %RSD > 20%

5A

Mid-range Calibration 
Check Std.

Analyzed before and after each analysis shift & 
every 20 samples.

Recovery range 85% to 115%

Narrate if frequency not met.

J(+)/UJ(-) if %R < 85%
J(+) if %R >115%

5B

U  (at the RL) if sample result is
 < RL & < 5X blank result.

7

U (at reported sample value) if sample  result is > 
RL and < 5X blank result

7

Field Blanks
(if required by project)

No results > RL
Action is same as method blank for positive results 

remaining in the field blank after method blank 
qualifiers are assigned.

6

MS samples (accuracy)
(if required by project)

%R within lab control limits

Qualify parent only, unless other QC indicates 
systematic problems.

J(+) if both %R > upper control limit (UCL)
J(+)/UJ(-) if both %R < lower control limit (LCL)

No action if parent conc. >5X the amount spiked.
Use PJ if only one %R outlier

8

Precision:
MS/MSD or LCS/LCSD 

or sample/dup

At least one set per batch (<10 samples)
RPD < lab control limit

J(+) if RPD  > lab control limits 9

LCS
(not required by method)

%R within lab control limits

J(+)/UJ(-) if %R < LCL
J(+) if %R  > UCL

J(+)/R(-) if any %R <10%
(EcoChem PJ)

10

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

At least one per batch (<10 samples)
No results >RL

Method Blank
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DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

Surrogates

2-fluorobiphenyl, p-terphenyl, o-terphenyl, 
and/or pentacosane added to all samples (inc. 

QC samples).

%R = 50-150% 

J(+)/UJ(-) if %R < LCL
J(+) if %R > UCL 

J(+)/R(-) if any %R <10%
No action if 2 or more surrogates are used, and 
only one is outside control limits.  (EcoChem PJ)

13

Pattern Identification

Compare sample chromatogram to standard 
chromatogram to ensure range and pattern are 

reasonable match.
Laboratory may flag results which have poor 

match.

J(+) 2

Field Duplicates

Use project control limits, if stated in QAPP

EcoChem default:
water: RPD < 35%
solids: RPD < 50%

Narrate (Use Professional Judgement to qualify) 9

Two analyses
for one sample (dilution)

Report only one result per
analyte

"DNR" (or client requested qualifier) all results that 
should not be reported.

(See TM-04)
11
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DATA VALIDATION CRITERIA Table No.:  NFG-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                         

For Dissolved Metals:  0.45um filter & preserve after 
filtration

Tissues: Frozen

EcoChem Professional Judgment - no qualification based 
on cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r > 0.995
J(+)/UJ(-) if r < 0.995 (multi point cal) 5A

Initial Calibration 
Verification (ICV) 

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing 
Calibration 

Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

%R within ±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blank

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
(Refer to TM-02 for additional information)

7

Reporting Limit 
Standard 

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Sb, Pb, Tl)

R(-)/J(+) < 2x RL if %R <50% (< 30% Sb, Pb, Tl)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30-49% Sb, Pb,Tl) 
 J(+) < 2x RL if %R 130-180% (150-200% Sb, Pb, Tl) 

R(+) < 2x RL if %R > 180% (200% Sb, Pb, Tl) 

14

Interference Check 
Samples

(ICSA/ICSAB)

ICSAB %R 80 - 120%  for all spiked elements      
 | ICSA | < MDL for all unspiked elements except: K, Na

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R= 50 to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)
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DATA VALIDATION CRITERIA Table No.:  NFG-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)

One per matrix per batch 

Blank Spike:  %R within 80-120%
R(+/-) if %R < 50% 

J(+)/UJ(-) if %R = 50-79%
J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance 
range or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

Matrix Spikes
One per matrix per batch 

75-125% for samples less than 4x spike level

J(+) if %R > 125% 
J(+)/UJ(-) if %R < 75% 

J(+)/R(-) if %R < 30% or 
J(+)/UJ(-) if Post Spike %R 75-125%

Qualify all samples in batch

8

Post-digestion Spike
If  Matrix Spike is outside 75-125%, 

spike at twice the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples >RL and < 5x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL (2x RL for solids)
qualify all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample conc. > 50x MDL
J(+)/UJ(-) if %D >10%

qualify all samples in batch
16

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < action level
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20

Laboratory Control 
Sample (LCS)

10
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DATA VALIDATION CRITERIA Table No.:  NFG-ICPMS
Revision No.:  Draft

Last Rev. Date: Draft
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                            

For Dissolved Metals:  0.45um filter & preserve after filtration

EcoChem Professional Judgment - no qualification based on 
cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Tune 

Prior to ICAL
monitoring compounds analyzed 5 times wih Std Dev. < 5%

mass calibration <0.1 amu from True Value
Resolution < 0.9 AMU @ 10% peak height or 

<0.75 amu @ 5% peak height

Use Professional Judgment to evaluate tune
J(+)/UJ(-) if tune criteria not met

5A

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r>0.995
J(+)/UJ(-)  if r<0.995 (for multi point cal) 5A

Initial Calibration 
Verification  (ICV)

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Reporting Limit 
Standard  (CRI)

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Co,Mn, Zn)

R(-),(+) < 2x RL if %R < 50% (< 30% Co,Mn, Zn)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30%-49% Co,Mn, Zn) 

J(+) < 2x  RL if %R 130%-180% (150%-200% Co,Mn, Zn) 
R(+) < 2x RL if %R > 180% (200% Co, Mn, Zn) 

14

Interference Check 
Samples

(ICSA/ICSAB)

Required by SW 6020, but not 200.8
ICSAB %R 80% - 120%  for all spiked elements      
 | ICSA | <  IDL (MDL) for all unspiked elements 

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R = 50% to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

One per matrix per batch 
Blank Spike:  %R within 80%-120%

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance range 
or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

Matrix Spike/ 
Matrix Spike Duplicate 

(MS/MSD)

One per matrix per batch 
75-125% for samples where results 

do not exceed 4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 
J(+)/R(-) if %R<30% or 

J(+)/UJ(-) if Post Spike %R 75%-125%
Qualify all samples in batch

8

Post-digestion Spike
If Matrix Spike is outside 75-125%,

Spike parent sample at 2x the sample conc.
No qualifiers assigned based on this element

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

10
Laboratory Control 

Sample (LCS)

I:\A2-DRAFT QA DOCUMENTS\CT-Criteria Tables\Draft EcoChem Inorganic.xlsNFG-ICPMS Copyright 2006 EcoChem, Inc.



DATA VALIDATION CRITERIA Table No.:  NFG-ICPMS
Revision No.:  Draft
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples > RL and < 5 x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample values > 50x MDL
J(+)/UJ(-) if %D >10%
All samples in batch

16

Internal Standards
Every sample

 SW6020:  60%-125% of cal blank IS
200.8:  30%-120% of cal blank IS

J (+)/UJ (-)  all analytes associated with IS outlier 19

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20
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DATA VALIDATION CRITERIA Table No.:  NFG-HG
Revision No.: draft

Last Rev. Date: draft
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                   

For Dissolved Metals:  0.45um filter & preserve 
after filtration

EcoChem Professional Judgment - no qualification 
based on cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
28 days from date sampled

Frozen tissues:  HT extended to 6 months
J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank + 4 standards, one at RL 

r > 0.995
J(+)/UJ(-) if r<0.995 5A

Initial Calibration 
Verification (ICV)

Independent source analyzed immediately after 
calibration

%R within ±20% of true value

 J(+)/UJ(-) if %R = 65%-79%
J(+) if %R = 121-135%

R(+/-) if %R < 65%    R(+) if %R > 135%
5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

 %R within ±20% of true value

J(+)/UJ(-) if %R = 65%-79%
J(+) if %R = 121-135%

R(+/-) if %R < 65%    R(+) if %R > 135% 
5B

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

after each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Reporting Limit 
Standard

(CRA)

 conc at RL - analyzed beginning of run  
%R = 70-130% 

R(-),(+)<2xRL if %R <50%       
J(+)<2x RL, UJ(-) if %R 50-69% 

J(+) <2x RL if %R 130-180% 
R(+)<2x RL if %R>180% 

14

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
 blank  < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

One per matrix per batch 

Blank Spike:  %R within 80-120%
R(+/-) if %R < 50% 

J(+)/UJ(-) if %R = 50-79%
J(+) if %R >120%

CRM: Result within manufacturer's certified 
acceptance range or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

Matrix Spike/Matrix 
Spike Duplicate 

(MS/MSD)

One per matrix per batch 
5% frequency

75-125% for samples less than 
4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 
J(+)/R(-) if %R<30%
 all samples in batch

8

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples > RL and < 5x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

EcoChem Validation Guidelines for Mercury Analysis by CVAA
(Based on Inorganic NFG 1994 & 2004)

Laboratory Control 
Sample (LCS)

10
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

EcoChem Validation Guidelines for Mercury Analysis by CVAA
(Based on Inorganic NFG 1994 & 2004)

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < action level
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5x RL:
Water: Diff<RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9
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DATA VALIDATION CRITERIA Table No.:  Eco-Conv
Revision No.:  0
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

Cooler Temperature and 
Preservation

Cooler Temperature 4°C ±2°C
Preservation: Method Specific

Use Professional Judgment to qualify based to 
qualify for coole temp outliers

J(+)/UJ(-) if preservation requirements not met
1

Holding Time Method Specific
Professional Judgment

J(+)/UJ(-) if holding time exceeded
J(+)/R(-) if HT exceeded by > 3X

1

Initial Calibration
Method specific 

 r>0.995 
Use professional judgment

J(+)/UJ(-) for r < 0.995
5A

Initial Calibration 
Verification  (ICV)

Where applicable to method
Independent source analyzed
immediately after calibration 

%R method specific,  usually 90% - 110%

R(+/-) if %R significantly < LCL
J(+)/UJ(-) if %R < LCL

J(+) if %R > UCL
R(+) if %R significantly > UCL

5A

Continuing Cal 
Verification (CCV)

Where applicable to method
Every ten samples, immed. following

ICV/ICB and end of run
 %R method specific, usually 90% - 110%

R(+/-) if %R significantly < LCL
J(+)/UJ(-) if %R < LCL

J(+) if %R > UCL
R(+) if %R significantly > UCL

5B

Initial and Continuing 
Cal Blanks (ICB/CCB)

Where applicable to method
After each ICV and CCV every ten 

samples and end of run
| blank| < MDL

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Method Blank
One per matrix per batch 

(not to exceed 20 samples)
blank < MDL 

Action level is 5x absolute value of blank conc.
For (+) blk value, U(+) results < action level

For (-) blk value, J(+)/UJ(-) results < action level
7

Waters: 
One per matrix per batch 

%R  (80-120%) 

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%
10

Soils: 
One per matrix per batch 

Result within manufacturer's certified acceptance 
range 

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

10

Matrix Spike
One per matrix per batch; 5% frequency 

75-125% for samples less than 
4 x spike level

J(+)  if %R > 125% or < 75% 
UJ(-) if %R = 30-74%

R(+/-) results < IDL if %R < 30% 
8

Laboratory Duplicate

One per matrix per batch
RPD <20% for samples > 5x RL 

Diff <RL for samples >RL and <5 x RL
(may use RPD < 35%, Diff < 2X RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

EcoChem Validation Guidelines for Conventional Chemistry Analysis
(Based on EPA Standard Methods)

Laboratory Control 
Sample 
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

EcoChem Validation Guidelines for Conventional Chemistry Analysis
(Based on EPA Standard Methods)

Field Blank blank < MDL
Action level is 5x blank conc.

 U(+) sample values < action level
in associated field samples only

6

Field Duplicate

For results > 5X RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff<RL   Solid: Diff < 2X RL 

J(+)/UJ(-) in parent samples only 9
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Qualified Data Summary 
Irondale

SDG SAMPLE ID LAB ID ANALYTE RESULT UNITS LAB QUAL DV QUAL DV REASON
MZ93 TP22-ASP-080606-3 08-12045-MZ93A Arsenic, As(III) arsenite 0.023 mg/kg U UJ 8
MZ93 TP22-ASP-080606-3 08-12045-MZ93A Arsenic, As(V) arsenate 1.00 mg/kg J 5B
MZ93 TP03-ASP-080606-2 08-12046-MZ93B Arsenic, As(III) arsenite 0.102 mg/kg J J 8
MZ93 TP03-ASP-080606-2 08-12046-MZ93B Arsenic, As(V) arsenate 10.8 mg/kg J 5B
MZ93 TP32-ASP-080606-3 08-12047-MZ93C Arsenic, As(III) arsenite 0.053 mg/kg J J 8
MZ93 TP32-ASP-080606-3 08-12047-MZ93C Arsenic, As(V) arsenate 31.0 mg/kg J 5B
MZ93 TP08-ASP-080606-4 08-12048-MZ93D Arsenic, As(III) arsenite 0.023 mg/kg U UJ 8
MZ93 TP08-ASP-080606-4 08-12048-MZ93D Arsenic, As(V) arsenate 4.17 mg/kg J 5B
MZ93 TP12-BA-080605-2 08-12049-MZ93E Nickel 22 mg/kg J 9
MZ93 TP12-BA-080605-2 08-12049-MZ93E Zinc 33 mg/kg J 10
MZ93 TP18-BA-080605-2 08-12050-MZ93F Nickel 22 mg/kg J 9
MZ93 TP18-BA-080605-2 08-12050-MZ93F Zinc 39 mg/kg J 10
MZ93 GEI-SS1-BA-080605-1 08-12051-MZ93G Nickel 6 mg/kg J 9
MZ93 GEI-SS1-BA-080605-1 08-12051-MZ93G Zinc 55 mg/kg J 10
MZ93 TP10-BA-080605-1 08-12052-MZ93H Nickel 48 mg/kg J 9
MZ93 TP10-BA-080605-1 08-12052-MZ93H Zinc 29 mg/kg J 10
MZ93 TP41-BA-080605-2 08-12053-MZ93I Nickel 33 mg/kg J 9
MZ93 TP41-BA-080605-2 08-12053-MZ93I Zinc 48 mg/kg J 10
MZ93 TP42-BA-080605-2.5 08-12054-MZ93J Nickel 26 mg/kg J 9
MZ93 TP42-BA-080605-2.5 08-12054-MZ93J Zinc 63 mg/kg J 10
MZ93 DP01-BA-080605-4 08-12055-MZ93K Nickel 33 mg/kg J 9
MZ93 DP01-BA-080605-4 08-12055-MZ93K Zinc 86 mg/kg J 10
MZ93 DP06-BA-080605-1 08-12056-MZ93L Nickel 31 mg/kg J 9
MZ93 DP06-BA-080605-1 08-12056-MZ93L Zinc 106 mg/kg J 10
MZ93 TP02-BA-080605-2.5 08-12057-MZ93M Nickel 36 mg/kg J 9
MZ93 TP02-BA-080605-2.5 08-12057-MZ93M Zinc 42 mg/kg J 10
MZ93 TP38-BA-080605-2 08-12058-MZ93N Nickel 36 mg/kg J 9
MZ93 TP38-BA-080605-2 08-12058-MZ93N Zinc 79 mg/kg J 10
MZ93 TP40-BA-080605-1 08-12059-MZ93O Nickel 70 mg/kg J 9
MZ93 TP40-BA-080605-1 08-12059-MZ93O Zinc 90 mg/kg J 10
MZ93 TP40-CS-080605 08-12061-MZ93Q Nickel 90 mg/kg J 9
MZ93 TP40-CS-080605 08-12061-MZ93Q Zinc 80 mg/kg J 10
MZ93 TP22-BS-080606-3 08-12063-MZ93S Nickel 28 mg/kg J 9
MZ93 TP22-BS-080606-3 08-12063-MZ93S Zinc 32 mg/kg J 10
MZ93 TP03-BS-080606-2 08-12064-MZ93T Nickel 54 mg/kg J 9
MZ93 TP03-BS-080606-2 08-12064-MZ93T Zinc 1460 mg/kg J 10
MZ93 TP03-CS-080606 08-12066-MZ93V Nickel 60 mg/kg J 9
MZ93 TP03-CS-080606 08-12066-MZ93V Zinc 1820 mg/kg J 10
MZ93 TP32-BA-080606-3 08-12067-MZ93W Nickel 13 mg/kg J 9
MZ93 TP32-BA-080606-3 08-12067-MZ93W Zinc 84 mg/kg J 10
MZ93 TP32-CS-080606 08-12069-MZ93Y Nickel 19 mg/kg J 9
MZ93 TP32-CS-080606 08-12069-MZ93Y Zinc 81 mg/kg J 10
MZ93 TP08-BA-080606-4 08-12072-MZ93AB Nickel 31 mg/kg J 9
MZ93 TP08-BA-080606-4 08-12072-MZ93AB Zinc 45 mg/kg J 10
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INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the full (Level IV) and summary (Level III) data validation 
performed on sediment, slag, water, and quality control (QC) sample data for the Washington 
Department of Ecology – Remedial Investigation Feasibility Study at Irondale, Washington.  A 
complete list of samples is provided in the Sample Index.  Analytical Resources, Inc., Tukwila, 
Washington performed all analyses.  The analytical methods and EcoChem project chemists are 
listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
Semivolatile Organic Compounds (SVOC) EPA Method 8270D Mark Brindle Mark Lybeer 
Semivolatile Organic Compounds (SVOC) EPA Method 8270D-SIM Mark Brindle Mark Lybeer 
Polycyclic Aromatic Hydrocarbons (PAH) EPA Method 8270D-SIM Mark Brindle Mark Lybeer 
Extractable Petroleum Hydrocarbons WDOE-EPH Mark Lybeer Mark Brindle 
Diesel and Residual Range Hydrocarbons NWTPH-Dx Mark Lybeer Mark Brindle 

Metals  SW6010B, EPA 200.8, and 
SW7470A 

Jennifer Newkirk Christine Ransom 

Conventionals1   various Jennifer Newkirk Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.  The QC criteria are summarized in Appendix A. 

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

In order to differentiate between samples with identical IDs, the following: changes were made: 
COC ID Matrix Amended ID 
TP08-070621-6 Water TPO8-070621-6 
SW01-070629 (14:10) Water SW01DUP-070629 

Data qualifier definitions and Data Validation Criteria Tables are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 

jc  9/14/2007 9:32:00 AM
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SAMPLE INDEX
Irondale

8270 SVOC

SDG SAMPLE ID LAB ID Method
LF91 SedRinsate-070629 07-13639-LF91A PSDDA SW8270D
LF99 SED07-070628-0-4 07-13708-LF99A PSDDA SW8270D
LF99 SED16-070628-0-4 07-13710-LF99C PSDDA SW8270D
LF99 SED06-070628-0-4 07-13712-LF99E PSDDA SW8270D
LF99 SED05-070628-0-4 07-13715-LF99H PSDDA SW8270D
LF99 SED11-070628-0-4 07-13718-LF99K PSDDA SW8270D
LF99 SED02-070628-0-4 07-13720-LF99M PSDDA SW8270D
LF99 SED02-070628-4-18 07-13721-LF99N PSDDA SW8270D
LF99 SED01-070628-0-4 07-13722-LF99O PSDDA SW8270D
LF99 SED01-070628-4-24 07-13723-LF99P PSDDA SW8270D
LF99 SED17-070629-0-4 07-13724-LF99Q PSDDA SW8270D
LF99 SED09-070629-0-4 07-13726-LF99S PSDDA SW8270D
LF99 SED03-070629-0-4 07-13728-LF99U PSDDA SW8270D

jc 9/21/07 3:43 PM
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SAMPLE INDEX
Irondale
8270 SIM

SDG SAMPLE ID LAB ID Method
LF91 SedRinsate-070629 07-13639-LF91A  SW8270D SIM
LF99 SED07-070628-0-4 07-13708-LF99A  SW8270D SIM
LF99 SED16-070628-0-4 07-13710-LF99C  SW8270D SIM
LF99 SED06-070628-0-4 07-13712-LF99E  SW8270D SIM
LF99 SED05-070628-0-4 07-13715-LF99H  SW8270D SIM
LF99 SED11-070628-0-4 07-13718-LF99K  SW8270D SIM
LF99 SED02-070628-0-4 07-13720-LF99M  SW8270D SIM
LF99 SED02-070628-4-18 07-13721-LF99N  SW8270D SIM
LF99 SED01-070628-0-4 07-13722-LF99O  SW8270D SIM
LF99 SED01-070628-4-24 07-13723-LF99P  SW8270D SIM
LF99 SED17-070629-0-4 07-13724-LF99Q  SW8270D SIM
LF99 SED09-070629-0-4 07-13726-LF99S  SW8270D SIM
LF99 SED03-070629-0-4 07-13728-LF99U  SW8270D SIM

jc 9/21/07 3:43 PM
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SAMPLE INDEX
Irondale
PAH SIM

SDG SAMPLE ID LAB ID Method
LF60 DP02-070625-11 07-13372-LF60F SW8270D SIM
LF60 DP02-070625-13 07-13373-LF60G SW8270D SIM
LF60 DP01-070626-W 07-13375-LF60I SW8270D SIM
LF60 DP07-070626-W 07-13376-LF60J SW8270D SIM
LF60 DP05-070626-Rinsate 07-13380-LF60N SW8270D SIM
LF60 DP03-070626-11 07-13383-LF60Q SW8270D SIM
LF62 TP27-070625-5 07-13399-LF62D SW8270D SIM
LF62 TP28-070625-5 07-13401-LF62F SW8270D SIM
LF62 TP29-070625-7 07-13405-LF62J SW8270D SIM
LF62 TP02-070625-2 07-13410-LF62O SW8270D SIM
LF64 TP08-070621-4 07-13427-LF64K SW8270D SIM
LF64 TP11-070621-2 07-13432-LF64P SW8270D SIM
LF64 TP11-070621-4 07-13433-LF64Q SW8270D SIM
LF64 TP11-070621-2Seep 07-13434-LF64R SW8270D SIM
LF64 TP11-070621-6.5 07-13435-LF64S SW8270D SIM
LF72 TP22-070626-2 07-13469-LF72N SW8270D SIM
LF74 TP24-070622-2 07-13487-LF74M SW8270D SIM
LF74 TP26-070622-6.5 07-13490-LF74P SW8270D SIM
LF74 TP26-070622-7 07-13491-LF74Q SW8270D SIM
LF88 MW03-070628 07-13573-LF88A SW8270D SIM
LF88 MW05-070628 07-13574-LF88B SW8270D SIM
LF88 MW04-070628 07-13575-LF88C SW8270D SIM
LF88 MW02-070629 07-13576-LF88D SW8270D SIM
LF88 MW03-070629 07-13577-LF88E SW8270D SIM
LF98 TP04-070627-2 07-13704-LF98B SW8270D SIM
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SAMPLE INDEX
Irondale

EPH

SDG SAMPLE ID LAB ID Method
LF64 TP11-070621-2 07-13432-LF64P WDOE-EPH
LF74 TP26-070622-7 07-13491-LF74Q WDOE-EPH
LF88 MW02-070629 07-13576-LF88D WDOE-EPH
LF88 MW03-070629 07-13577-LF88E WDOE-EPH
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SAMPLE INDEX
Irondale

NWTPHDx
SDG SAMPLE ID LAB ID Method
LF60 DP04-070625-7.5 07-13369-LF60C NWTPD-Dx
LF60 DP04-070625-12 07-13370-LF60D NWTPD-Dx
LF60 DP02-070625-11 07-13372-LF60F NWTPD-Dx
LF60 DP02-070625-13 07-13373-LF60G NWTPD-Dx
LF60 DP06-070625-7 07-13374-LF60H NWTPD-Dx
LF60 DP01-070626-W 07-13375-LF60I NWTPD-Dx
LF60 DP07-070626-W 07-13376-LF60J NWTPD-Dx
LF60 DP05-070626-7 07-13378-LF60L NWTPD-Dx
LF60 DP05-070626-Rinsate 07-13380-LF60N NWTPD-Dx
LF60 DP03-070626-7 07-13382-LF60P NWTPD-Dx
LF60 DP01-070626-5 07-13385-LF60S NWTPD-Dx
LF60 DP01-070626-11 07-13386-LF60T NWTPD-Dx
LF62 TP13-070625-8 07-13398-LF62C NWTPD-Dx
LF62 TP27-070625-5 07-13399-LF62D NWTPD-Dx
LF62 TP28-070625-3 07-13400-LF62E NWTPD-Dx
LF62 TP28-070625-5 07-13401-LF62F NWTPD-Dx
LF62 TP28-070625-6.5 07-13402-LF62G NWTPD-Dx
LF62 TP29-070625-3 07-13403-LF62H NWTPD-Dx
LF62 TP29-070625-6 07-13404-LF62I NWTPD-Dx
LF62 TP29-070625-7 07-13405-LF62J NWTPD-Dx
LF62 TP01-070625-2.5 07-13409-LF62N NWTPD-Dx
LF62 TP02-070625-2 07-13410-LF62O NWTPD-Dx
LF62 TP20-070625-2 07-13412-LF62Q NWTPD-Dx
LF62 TP20-070625-6 07-13414-LF62S NWTPD-Dx
LF64 TP15-070621-6.5 07-13419-LF64C NWTPD-Dx
LF64 TP19-070621-7 07-13422-LF64F NWTPD-Dx
LF64 TP06-070621-2 07-13423-LF64G NWTPD-Dx
LF64 TP06-070621-4 07-13424-LF64H NWTPD-Dx
LF64 TP06-070621-6.5 07-13425-LF64I NWTPD-Dx
LF64 TP08-070621-1.5 07-13426-LF64J NWTPD-Dx
LF64 TP08-070621-4 07-13427-LF64K NWTPD-Dx
LF64 TP08-070621-6 07-13428-LF64L NWTPD-Dx
LF64 TP07-070621-2 07-13429-LF64M NWTPD-Dx
LF64 TP07-070621-4 07-13430-LF64N NWTPD-Dx
LF64 TP07-070621-6.5 07-13431-LF64O NWTPD-Dx
LF64 TP11-070621-2 07-13432-LF64P NWTPD-Dx
LF64 TP11-070621-4 07-13433-LF64Q NWTPD-Dx
LF64 TP11-070621-2Seep 07-13434-LF64R NWTPD-Dx
LF64 TP11-070621-6.5 07-13435-LF64S NWTPD-Dx
LF72 TP14-070626-8 07-13459-LF72D NWTPD-Dx
LF72 TP18-070626-8 07-13463-LF72H NWTPD-Dx
LF72 TP17-070626-2 07-13464-LF72I NWTPD-Dx
LF72 TP22-070626-2 07-13469-LF72N NWTPD-Dx
LF72 TP30-070626-3.5 07-13470-LF72O NWTPD-Dx
LF74 TP09-070622-2 07-13475-LF74A NWTPD-Dx
LF74 TP09-070622-4 07-13476-LF74B NWTPD-Dx
LF74 TP09-070622-8 07-13478-LF74D NWTPD-Dx
LF74 TP23-070622-7 07-13486-LF74L NWTPD-Dx
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SAMPLE INDEX
Irondale

NWTPHDx
SDG SAMPLE ID LAB ID Method
LF74 TP24-070622-2 07-13487-LF74M NWTPD-Dx
LF74 TP26-070622-2 07-13488-LF74N NWTPD-Dx
LF74 TP26-070622-4 07-13489-LF74O NWTPD-Dx
LF74 TP26-070622-6.5 07-13490-LF74P NWTPD-Dx
LF74 TP26-070622-7 07-13491-LF74Q NWTPD-Dx
LF74 TP12-070622-7 07-13495-LF74U NWTPD-Dx
LF74 TP16-070622-7 07-13499-LF74Y NWTPD-Dx
LF88 MW03-070628 07-13573-LF88A NWTPD-Dx
LF88 MW05-070628 07-13574-LF88B NWTPD-Dx
LF88 MW04-070628 07-13575-LF88C NWTPD-Dx
LF88 MW02-070629 07-13576-LF88D NWTPD-Dx
LF88 MW03-070629 07-13577-LF88E NWTPD-Dx
LF91 SedRinsate-070629 07-13639-LF91A NWTPD-Dx
LF98 TP04-070627-2 07-13704-LF98B NWTPD-Dx
LF98 TP05-070627-2 07-13706-LF98D NWTPD-Dx
LF98 TP05-070627-4 07-13707-LF98E NWTPD-Dx
LF99 SED07-070628-0-4 07-13708-LF99A NWTPD-Dx
LF99 SED16-070628-0-4 07-13710-LF99C NWTPD-Dx
LF99 SED06-070628-0-4 07-13712-LF99E NWTPD-Dx
LF99 SED05-070628-0-4 07-13715-LF99H NWTPD-Dx
LF99 SED11-070628-0-4 07-13718-LF99K NWTPD-Dx
LF99 SED02-070628-0-4 07-13720-LF99M NWTPD-Dx
LF99 SED02-070628-4-18 07-13721-LF99N NWTPD-Dx
LF99 SED01-070628-0-4 07-13722-LF99O NWTPD-Dx
LF99 SED01-070628-4-24 07-13723-LF99P NWTPD-Dx
LF99 SED17-070629-0-4 07-13724-LF99Q NWTPD-Dx
LF99 SED09-070629-0-4 07-13726-LF99S NWTPD-Dx
LF99 SED03-070629-0-4 07-13728-LF99U NWTPD-Dx
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SAMPLE INDEX
Irondale

Metals 6010B
SDG SAMPLE ID LAB ID Method
LF60 DP04-070625-7.5 07-13369-LF60C SW6010B
LF60 DP01-070626-W 07-13375-LF60I SW6010B
LF60 DP07-070626-W 07-13376-LF60J SW6010B
LF60 DP05-070626-7 07-13378-LF60L SW6010B
LF60 DP05-070626-Rinsate 07-13380-LF60N SW6010B
LF60 DP03-070626-7 07-13382-LF60P SW6010B
LF60 DP01-070626-5 07-13385-LF60S SW6010B
LF62 TP13-070625-2.5 07-13396-LF62A SW6010B
LF62 TP13-070625-5 07-13397-LF62B SW6010B
LF62 TP13-070625-8 07-13398-LF62C SW6010B
LF62 TP27-070625-5 07-13399-LF62D SW6010B
LF62 TP28-070625-5 07-13401-LF62F SW6010B
LF62 TP21-070625-2 07-13406-LF62K SW6010B
LF62 TP21-070625-4 07-13407-LF62L SW6010B
LF62 TP01-070625-1 07-13408-LF62M SW6010B
LF62 TP01-070625-2.5 07-13409-LF62N SW6010B
LF62 TP02-070625-2 07-13410-LF62O SW6010B
LF62 TP02-070625-3 07-13411-LF62P SW6010B
LF62 TP20-070625-2 07-13412-LF62Q SW6010B
LF62 TP20-070625-4 07-13413-LF62R SW6010B
LF62 TP20-070625-6 07-13414-LF62S SW6010B
LF62 TP21-070625-4 07-13570-LF62U SW6010B
LF64 TP15-070621-2 07-13417-LF64A SW6010B
LF64 TP15-070621-4 07-13418-LF64B SW6010B
LF64 TP15-070621-6.5 07-13419-LF64C SW6010B
LF64 TP19-070621-2 07-13420-LF64D SW6010B
LF64 TP19-070621-5.5 07-13421-LF64E SW6010B
LF64 TP19-070621-7 07-13422-LF64F SW6010B
LF64 TP06-070621-2 07-13423-LF64G SW6010B
LF64 TP06-070621-4 07-13424-LF64H SW6010B
LF64 TP06-070621-6.5 07-13425-LF64I SW6010B
LF64 TP08-070621-1.5 07-13426-LF64J SW6010B
LF64 TP08-070621-4 07-13427-LF64K SW6010B
LF64 TP08-070621-6 07-13428-LF64L SW6010B
LF64 TP07-070621-2 07-13429-LF64M SW6010B
LF64 TP07-070621-4 07-13430-LF64N SW6010B
LF64 TP07-070621-6.5 07-13431-LF64O SW6010B
LF64 TP11-070621-2 07-13432-LF64P SW6010B
LF64 TP11-070621-6.5 07-13435-LF64S SW6010B
LF64 TPO8-070621-6 07-13735-LF64U SW6010B
LF72 TP14-070626-2 07-13456-LF72A SW6010B
LF72 TP14-070626-6 07-13458-LF72C SW6010B
LF72 TP14-070626-8 07-13459-LF72D SW6010B
LF72 TP18-070626-1.5 07-13460-LF72E SW6010B
LF72 TP18-070626-3 07-13461-LF72F SW6010B
LF72 TP18-070626-8 07-13463-LF72H SW6010B
LF72 TP17-070626-2 07-13464-LF72I SW6010B
LF72 TP17-070626-6 07-13466-LF72K SW6010B
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SAMPLE INDEX
Irondale

Metals 6010B
SDG SAMPLE ID LAB ID Method
LF72 TP17-070626-8 07-13467-LF72L SW6010B
LF72 TP22-070626-2 07-13469-LF72N SW6010B
LF72 TP30-070626-3.5 07-13470-LF72O SW6010B
LF72 TP03-070626-1 07-13471-LF72P SW6010B
LF72 TP03-070626-2 07-13472-LF72Q SW6010B
LF74 TP09-070622-2 07-13475-LF74A SW6010B
LF74 TP09-070622-4 07-13476-LF74B SW6010B
LF74 TP09-070622-8 07-13478-LF74D SW6010B
LF74 TP10-070622-2 07-13479-LF74E SW6010B
LF74 TP10-070622-6 07-13481-LF74G SW6010B
LF74 TP10-070622-7.5 07-13482-LF74H SW6010B
LF74 TP23-070622-1/2 07-13483-LF74I SW6010B
LF74 TP23-070622-2 07-13484-LF74J SW6010B
LF74 TP23-070622-7 07-13486-LF74L SW6010B
LF74 TP24-070622-2 07-13487-LF74M SW6010B
LF74 TP26-070622-2 07-13488-LF74N SW6010B
LF74 TP26-070622-6.5 07-13490-LF74P SW6010B
LF74 TP12-070622-1.5 07-13493-LF74S SW6010B
LF74 TP12-070622-3 07-13494-LF74T SW6010B
LF74 TP12-070622-7 07-13495-LF74U SW6010B
LF74 TP16-070622-2 07-13496-LF74V SW6010B
LF74 TP16-070622-4 07-13497-LF74W SW6010B
LF74 TP16-070622-7 07-13499-LF74Y SW6010B
LF88 MW03-070628 07-13573-LF88A SW6010B
LF88 MW05-070628 07-13574-LF88B SW6010B
LF88 MW04-070628 07-13575-LF88C SW6010B
LF88 MW02-070629 07-13576-LF88D SW6010B
LF88 MW03-070629 07-13577-LF88E SW6010B
LF88 SW02-070629 07-13578-LF88F SW6010B
LF88 SW01-070629 07-13579-LF88G SW6010B
LF88 MW03-070628 07-13581-LF88I SW6010B
LF88 MW05-070628 07-13582-LF88J SW6010B
LF88 MW04-070628 07-13583-LF88K SW6010B
LF88 MW02-070629 07-13584-LF88L SW6010B
LF88 MW03-070629 07-13585-LF88M SW6010B
LF88 SW02-070629 07-13586-LF88N SW6010B
LF88 SW01-070629 07-13587-LF88O SW6010B
LF91 SedRinsate-070629 07-13639-LF91A SW6010B
LF98 TP04-070627-2 07-13704-LF98B SW6010B
LF98 TP04-070627-4 07-13705-LF98C SW6010B
LF98 TP05-070627-2 07-13706-LF98D SW6010B
LF98 TP05-070627-4 07-13707-LF98E SW6010B
LF99 SED07-070628-0-4 07-13708-LF99A SW6010B
LF99 SED16-070628-0-4 07-13710-LF99C SW6010B
LF99 SED06-070628-0-4 07-13712-LF99E SW6010B
LF99 SED05-070628-0-4 07-13715-LF99H SW6010B
LF99 SED11-070628-0-4 07-13718-LF99K SW6010B
LF99 SED02-070628-0-4 07-13720-LF99M SW6010B
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SAMPLE INDEX
Irondale

Metals 6010B
SDG SAMPLE ID LAB ID Method
LF99 SED02-070628-4-18 07-13721-LF99N SW6010B
LF99 SED01-070628-0-4 07-13722-LF99O SW6010B
LF99 SED01-070628-4-24 07-13723-LF99P SW6010B
LF99 SED17-070629-0-4 07-13724-LF99Q SW6010B
LF99 SED09-070629-0-4 07-13726-LF99S SW6010B
LF99 SED03-070629-0-4 07-13728-LF99U SW6010B
LG26 SLAG1-070627 07-13848-LG26A SW6010B
LG26 SLAG2-070627 07-13849-LG26B SW6010B

jc 9/21/07 3:43 PM
L:\SAIC Bothell 41\C04122.002\4122002_IDX.xls Page 9 of 13 EcoChem, Inc.



SAMPLE INDEX
Irondale

Metals 200.8
SDG SAMPLE ID LAB ID Method
LG93 MW03-070628 07-14212-LG93A E200.8
LG93 MW05-070628 07-14213-LG93B E200.8
LG93 MW04-070628 07-14214-LG93C E200.8
LG93 MW02-070629 07-14215-LG93D E200.8
LG93 MW03-070629 07-14216-LG93E E200.8
LG93 SW02-070629 07-14217-LG93F E200.8
LG93 SW01-070629 07-14218-LG93G E200.8
LG93 SW01DUP-070629 07-14219-LG93H E200.8
LG93 MW03-070628 07-14220-LG93I E200.8
LG93 MW05-070628 07-14221-LG93J E200.8
LG93 MW04-070628 07-14222-LG93K E200.8
LG93 MW02-070629 07-14223-LG93L E200.8
LG93 MW03-070629 07-14224-LG93M E200.8
LG93 SW02-070629 07-14225-LG93N E200.8
LG93 SW01-070629 07-14226-LG93O E200.8
LG93 SW01DUP-070629 07-14227-LG93P E200.8
LI46 DP01-070626-W 07-15035-LI46A E200.8
LI46 DP07-070626-W 07-15036-LI46B E200.8
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SAMPLE INDEX
Irondale
Mercury

SDG SAMPLE ID LAB ID Method
LF91 SedRinsate-070629 07-13639-LF91A SW7470A
LF99 SED07-070628-0-4 07-13708-LF99A SW7471A
LF99 SED16-070628-0-4 07-13710-LF99C SW7471A
LF99 SED06-070628-0-4 07-13712-LF99E SW7471A
LF99 SED05-070628-0-4 07-13715-LF99H SW7471A
LF99 SED11-070628-0-4 07-13718-LF99K SW7471A
LF99 SED02-070628-0-4 07-13720-LF99M SW7471A
LF99 SED02-070628-4-18 07-13721-LF99N SW7471A
LF99 SED01-070628-0-4 07-13722-LF99O SW7471A
LF99 SED01-070628-4-24 07-13723-LF99P SW7471A
LF99 SED17-070629-0-4 07-13724-LF99Q SW7471A
LF99 SED09-070629-0-4 07-13726-LF99S SW7471A
LF99 SED03-070629-0-4 07-13728-LF99U SW7471A
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SAMPLE INDEX
Irondale

Conventionals
SDG SAMPLE ID LAB ID Method
LF99 SED07-070628-0-4 07-13708-LF99A E160.4
LF99 SED16-070628-0-4 07-13710-LF99C E160.4
LF99 SED06-070628-0-4 07-13712-LF99E E160.4
LF99 SED05-070628-0-4 07-13715-LF99H E160.4
LF99 SED11-070628-0-4 07-13718-LF99K E160.4
LF99 SED02-070628-0-4 07-13720-LF99M E160.4
LF99 SED02-070628-4-18 07-13721-LF99N E160.4
LF99 SED01-070628-0-4 07-13722-LF99O E160.4
LF99 SED01-070628-4-24 07-13723-LF99P E160.4
LF99 SED17-070629-0-4 07-13724-LF99Q E160.4
LF99 SED09-070629-0-4 07-13726-LF99S E160.4
LF99 SED03-070629-0-4 07-13728-LF99U E160.4
LF99 SED07-070628-0-4 07-13708-LF99A E350.1
LF99 SED16-070628-0-4 07-13710-LF99C E350.1
LF99 SED06-070628-0-4 07-13712-LF99E E350.1
LF99 SED05-070628-0-4 07-13715-LF99H E350.1
LF99 SED11-070628-0-4 07-13718-LF99K E350.1
LF99 SED02-070628-0-4 07-13720-LF99M E350.1
LF99 SED02-070628-4-18 07-13721-LF99N E350.1
LF99 SED01-070628-0-4 07-13722-LF99O E350.1
LF99 SED01-070628-4-24 07-13723-LF99P E350.1
LF99 SED17-070629-0-4 07-13724-LF99Q E350.1
LF99 SED09-070629-0-4 07-13726-LF99S E350.1
LF99 SED03-070629-0-4 07-13728-LF99U E350.1
LF99 SED07-070628-0-4 07-13708-LF99A E376.2
LF99 SED16-070628-0-4 07-13710-LF99C E376.2
LF99 SED06-070628-0-4 07-13712-LF99E E376.2
LF99 SED05-070628-0-4 07-13715-LF99H E376.2
LF99 SED11-070628-0-4 07-13718-LF99K E376.2
LF99 SED02-070628-0-4 07-13720-LF99M E376.2
LF99 SED02-070628-4-18 07-13721-LF99N E376.2
LF99 SED01-070628-0-4 07-13722-LF99O E376.2
LF99 SED01-070628-4-24 07-13723-LF99P E376.2
LF99 SED17-070629-0-4 07-13724-LF99Q E376.2
LF99 SED09-070629-0-4 07-13726-LF99S E376.2
LF99 SED03-070629-0-4 07-13728-LF99U E376.2
LF74 TP12-070622-1.5 07-13493-LF74S Plumb,1981
LF99 SED07-070628-0-4 07-13708-LF99A Plumb,1981
LF99 SED16-070628-0-4 07-13710-LF99C Plumb,1981
LF99 SED06-070628-0-4 07-13712-LF99E Plumb,1981
LF99 SED05-070628-0-4 07-13715-LF99H Plumb,1981
LF99 SED11-070628-0-4 07-13718-LF99K Plumb,1981
LF99 SED02-070628-0-4 07-13720-LF99M Plumb,1981
LF99 SED02-070628-4-18 07-13721-LF99N Plumb,1981
LF99 SED01-070628-0-4 07-13722-LF99O Plumb,1981
LF99 SED01-070628-4-24 07-13723-LF99P Plumb,1981
LF99 SED17-070629-0-4 07-13724-LF99Q Plumb,1981
LF99 SED09-070629-0-4 07-13726-LF99S Plumb,1981
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SAMPLE INDEX
Irondale

Conventionals
SDG SAMPLE ID LAB ID Method
LF99 SED03-070629-0-4 07-13728-LF99U Plumb,1981
LK98 SED07-070628-0-4 07-16630-LK98A PSEP
LK98 SED16-070628-0-4 07-16631-LK98B PSEP
LK98 SED06-070628-0-4 07-16632-LK98C PSEP
LK98 SED05-070628-0-4 07-16633-LK98D PSEP
LK98 SED11-070628-0-4 07-16634-LK98E PSEP
LK98 SED02-070628-0-4 07-16635-LK98F PSEP
LK98 SED02-070628-4-18 07-16636-LK98G PSEP
LK98 SED01-070628-0-4 07-16637-LK98H PSEP
LK98 SED01-070628-4-24 07-16638-LK98I PSEP
LK98 SED17-070629-0-4 07-16639-LK98J PSEP
LK98 SED09-070629-0-4 07-16640-LK98K PSEP
LK98 SED03-070629-0-4 07-16641-LK98L PSEP
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
SVOC by EPA Method 8270D 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
LF91 1 Rinsate Blank Summary 

LF99 12 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 
A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 
The QC requirements that were reviewed are listed below. 

 Holding Times and Sample Preservation 2 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check  Laboratory Control Sample (LCS) 
 Initial Calibration (ICAL) 2 Internal Standards 
 Continuing Calibration (CCAL)  Target Analyte List 
1 Laboratory Blanks   Reporting Limits 
1 Field Blanks  Compound Identification (Full validation only) 
 Surrogate Compounds  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Laboratory Blanks 
To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times the concentration detected in the blank (ten times for phthalates).  If a 
contaminant is detected in an associated field sample and the concentration is less than the action 
level, the result is qualified as not detected (U).  If the result is also less than the reporting limit, then 
the result is elevated to the reporting limit.  No action is taken if the sample result is greater than the 
action level, or for non-detected results. 
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SDG LF91:  A positive result for bis(2-ethylhexyl) phthalate was reported in the method blank.  
This analyte was not detected in the associated sample and no action was required. 

Field Blanks 

SDG LF91:  Butyl benzyl phthalate was detected in the rinsate blank SedRinsate-070629.  This 
compound was not detected in the associated samples.  No qualifiers were required. 

Matrix Spike/Matrix Spike Duplicate 

SDG LF99:  The matrix spike/matrix spike duplicate (MS/MSD) analyses were performed using 
Sample SED06-070628-0-4.  Spiking compounds benzyl alcohol and benzoic acid were not 
recovered.  These compounds were not detected in the parent sample; reporting limits were rejected 
(R-8). 

Internal Standards 

SDG LF99:  The area of the internal standard chrysene-d12 was greater than the upper control limit 
in Sample SED02-070628-4-18.  Results and reporting limits for all associated analytes were 
estimated (J/UJ-19) in this sample.  The sample extract was diluted and reanalyzed to confirm that 
matrix interference caused the outlier.  Only chrysene was reported from the dilution analysis.  Both 
sets of results were reported.  The results from the dilution analysis were qualified as do-not-report 
(DNR-11).  The original results should be used instead. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, laboratory control sample, and MS/MSD 
percent recovery values, with the exceptions noted above.  Precision was also acceptable as 
demonstrated by the MS/MSD RPD values. 

Data were estimated based on internal standard outliers.  Data were qualified as do-not-report (DNR) 
in order to report only one set of results for each sample.  Data were rejected because of the failure 
to recovery MS/MSD spiking compounds.   

Data that have been rejected or labeled DNR are not useable for any purpose. 

All other data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
SVOC by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
LF91 1 Rinsate Blank Summary 

LF99 12 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 
A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 
The QC requirements that were reviewed are listed below. 

 Holding Times & Sample Preservation 1 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check 2 Laboratory Control Sample/Laboratory Control Sample Duplicate 
(LCS/LCSD) 

1 Initial Calibration (ICAL)  Internal Standards 
2 Continuing Calibration (CCAL)  Target Analyte List 
 Laboratory Blanks   Reporting Limits 
1 Field Blanks  Compound Identification (Full validation only) 
 Surrogate Compounds  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Initial Calibration (ICAL) 
All values for the relative response factor (RRF) were greater than the 0.05 minimum control limits, 
with the exception noted below.  All values for percent relative standard deviation (%RSD) were 
within the 30% control limit. 
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SDG LF91:  The RRF value for hexachlorobutadiene was less than the control limit in the 7/26/07 
ICAL on Instrument NT2.  This analyte was not detected in the associated rinsate blank and no 
action was required. 

Continuing Calibration (CCAL) 
All values for the RRF were greater than the 0.05 minimum control limits, with the exception noted 
below.  All values for percent difference (%D) were within the ±25% control limits, with the 
exceptions noted below.  Results and reporting limits in samples associated with outliers indicative 
of a low bias were qualified as estimated (J/UJ); positive results in samples associated with outliers 
indicative of a high bias were qualified as estimated (J).  In cases of extreme bias, where the %D was 
greater than ±90%, positive results were estimated and reporting limits were rejected (R). 

SDG LF91:  The RRF value for hexachlorobutadiene was less than the control limit in the 7/26/07 
13:52 CCAL.  This analyte was not detected in the associated rinsate blank and no action was 
required. 

SDG LF99:  The %D value for benzyl alcohol was outside the ±25% control limit in the 7/19/07 
11:54 CCAL.  This analyte was not detected in the associated sediment samples and the reporting 
limits were qualified as estimated (UJ-5B). 

Field Blanks 

SDG LF91:  Butyl benzyl phthalate was detected in the rinsate blank, SedRinsate-070629.  This 
compound was not detected in the associated samples.  No qualifiers were required. 

Matrix Spike/Matrix Spike Duplicate 

SDG LF91:  No matrix spike/matrix spike duplicate (MS/MSD) analyses were performed with this 
SDG.  Accuracy and precision were evaluated using the laboratory control sample/laboratory control 
sample duplicate (LCS/LCSD) set. 

SDG LF99:  The MS/MSD analyses were performed using Sample SED06-070628-0-4.  The MS 
percent recovery (%R) value for 1,4-dichlorobenzene was less than the lower control limit of 50%, 
at 48%.  The MSD and LCS %R values for 1,4-dichlorobenzene were within control limits and no 
action was required. 

Laboratory Control Sample/Laboratory Control Sample Duplicate 

SDG LF91:  The relative percent difference (RPD) values for 1,4-dichlorobenzene, 
hexachlorobutadiene, benzyl alcohol, and 1,2-dichlorobenzene were greater than the control limit.  
These analytes were not detected in the associated rinsate blank and no action was required. 

SDG LF99:  The LCS %R value for 2,4-dimethylphenol was less than the lower control limit of 
50%, at 39% in LCS-071207 (sediment).  2,4-Dimethylphenol was not detected in the associated 
sediment sample.  All reporting limits were qualified as estimated (UJ-10). 
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IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, LCS/LCSD, and MS/MSD %R values, 
with the exceptions noted above.  Precision was also acceptable as demonstrated by the LCS/LCSD 
and MS/MSD RPD values, with the exceptions previously noted. 

Data were estimated based on continuing calibration, %D, and LCS %R outliers. 

All data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Polycyclic Aromatic Hydrocarbons by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of water and soil samples and 
the associated laboratory and field quality control (QC) samples.  Samples were analyzed by 
Analytical Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the 
individual samples. 

SDG Number of Samples Validation Level 
LF60 3 Sediment, 2 Water, 1 Rinsate Blank Summary 

LF62 4 Sediment Summary 

LF64 5 Sediment Summary 

LF72 1 Sediment Summary 

LF74 3 Sediment Full 

LF88 5 Water Summary 

LF98 1 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 
A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 
The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Preservation 1 Matrix Spike/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check  Internal Standards 
 Initial Calibration (ICAL) 2 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 
 Laboratory Blanks   Reporting Limits  
1 Field Blanks 2 Compound Identification (Full validation only) 
1 Surrogate Compounds 1 Calculation Verification (Full validation only) 
 Laboratory Control Sample (LCS)   

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 
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Holding Times and Sample Preservation 

SDG LF64:  Sample TP11-070621-4 was re-extracted outside of the 14-day holding time criterion 
due to a low surrogate percent recovery (%R) value.  Both sets of results were reported.  It was 
determined that the resuls from the re-extraction should be used.  These results were estimated 
J/UJ-1 due to the exceeded holding time. 

Field Blanks 

SDG LF60:  Naphthalene was detected in the rinsate blank DP05-070626-Rinsate.  This compound 
was not detected in any associated samples.  No qualifiers were required. 

Surrogate Compounds 

SDG LF64:  The %R value for 2-methylnaphthalene-d10 was less than the lower control limit of 
43%, at 39% in Sample TP11-070621-4.  The sample was re-extracted (47 days after collection) and 
reanalyzed at five times (5x) dilution.  Both sets of results were reported in the hardcopy, however 
only the results of the re-extraction were included in the EDD.  The results from the re-extraction 
should be used. 

Matrix Spike/Matrix Spike Duplicate 

SDG LF60:  For the water samples, matrix spike/matrix spike duplicate (MS/MSD) analyses were 
performed using Sample DP07-070626-W.  The MSD %R values for indeno(1,2,3-cd)pyrene, 
dibenz(a,h)anthracene, and benzo(g,h,i)perylene were less than the lower control limit.  The %R 
values for these analytes were within control limits in the MS and no action was required.  The 
relative percent difference (RPD) values for eight of 19 analytes were outside the control limits.  
These analytes were not detected in the parent sample, therefore no qualification of data was 
necessary. 

Field Duplicates 

SDG LF88:  One set of field duplicates was submitted: MW02-070629 and MW03-070629.  The 
RPD values were less than 35%.  For results greater than 5x the reporting limit (RL).  For results 
less than 5x the RL, the difference between the sample and duplicate was less than the RL, with the 
exceptions of pyrene and chrysene.  Results for these two analytes were estimated (J/UJ-9) in the 
samples listed above. 

Compound Identification 

SDG LF64:  The laboratory flagged the acenaphthene result “M” in Sample TP11-070621-2 to 
indicate that the parameters for spectral match were low.  This result was qualified as tentatively 
identified and estimated (NJ-21). 
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SDG LF88:  The laboratory flagged the naphthalene and phenanthrene results “M” in Sample 
MW02-070629 to indicate that the parameters for spectral match were low.  These results were 
qualified as tentatively identified and estimated (NJ-21). 

SDG LF74:  The laboratory flagged the following results “M” to indicate that the parameters for 
spectral match were low:  Sample TP24-070622-2 (benzo(a)pyrene) and Sample TP26-070622-6.5 
(acenaphthene, phenanthrene, benzo(a)pyrene).  These results were qualified as tentatively identified 
and estimated (NJ-21). 

The reported result for fluorene in Sample TP26-070622-7 exceeded the linear range of the initial 
calibration and was “E” flagged by the laboratory.  The sample was diluted (5x) and reanalyzed.  
Both sets of results were reported.  The fluorene result in the original analysis was labeled do-not-
report (DNR-20).  All results in the dilution analysis except fluorene were labeled do-not-report 
(DNR-11). 

Calculation Verification 

SDG LF74:  Several results were verified by recalculation from the raw data.  No calculation or 
transcription errors were found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate,  laboratory control sample/laboratory 
control sample duplicate (LCS/LCSD) and MS/MSD %R values, with the exceptions noted above.  
Precision was also acceptable as demonstrated by the LCS/LCSD, MS/MSD, and field duplicate 
RPD values, except as previously noted. 

Results were qualified as estimated based on surrogate %R and field precision outliers.  Data 
were qualified as tentatively identified and estimated due to poor spectral match.  Data were 
labeled do-not-report (DNR) in order to report only one set of results for each sample. 

Data that have been labeled DNR should not be used. 

All other data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Extractable Petroleum Hydrocarbons by Method WDOE-EPH 

This report documents the review of analytical data from the analyses of sediment, water, and 
associated laboratory quality control (QC) samples.  Samples were analyzed by Analytical Resources, 
Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
LF64 1 Sediment  Summary 

LF74 1 Sediment  Full 

LF88 2 Water  Summary 

I DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 
 Holding Times & Sample Receipt  Laboratory Control Samples (LCS) 
 Initial Calibration (ICAL) 2 Matrix Spike and Matrix Spike Duplicate (MS/MSD) 
1 Continuing Calibration (CCAL) 1 Field Duplicates 
 Laboratory Blanks   Reporting Limits 
 Field Blanks  Compound Identification (Full validation only) 
 Surrogate Compounds 1 Calculation Verification  (Full validation only) 

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Continuing Calibration (CCAL) 
The percent difference (%D) values for the aromatic ranges (C12-C16), (C16-C21), and (C21-C34) were 
outside the control limit of ±20% in the CCAL analyzed on 7/13/07 at 18:13.  There were no 
positive results for these ranges in the associated samples.  As these %D values were indicative of 
potential high bias, the reporting limits were not affected and no action was taken. 
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Field Blanks 
No field blanks were submitted. 

Matrix Spike/Matrix Spike Duplicate 
Matrix spike/matrix spike duplicate (MS/MSD) samples were analyzed at the proper frequency of 
one per matrix per batch.  All percent recovery (%R) values and relative percent difference (RPD) 
values were within the laboratory acceptance limits, with the following exceptions: 

SDG LF74:  MS/MSD analyses were performed using Sample TP-26-070622-7.  The %R values for 
the aliphatic (C8-C10) range were less than the control limits of 50%.  The aliphatic (C8-C10) range 
result was estimated (J-8) in the parent sample. 

Field Duplicates 
SDG LF08:  One set of field duplicates was submitted: MW02-070629 and MW03-070629.  All 
precision criteria were met. 

Calculation Verification 
SDG LF74:  The areas for the surrogates were not provided, therefore they could not be recalculated 
from the raw data.  All other recalculations verified the results reported by the laboratory and no 
action was taken. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, laboratory control sample, and 
MS/MSD %R values, with the exceptions noted above.  Precision was also acceptable as 
demonstrated by the MS/MSD and field duplicate RPD values. 

One result for C8-C10 aliphatics was estimated based on MS/MSD %R outliers. 

All data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of sediment, water, and 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 

LF60 9 Sediment, 2 Water & 1 Rinsate 
Blank 

Summary 

LF62 12 Sediment  Summary 

LF64 15 Sediment  Summary 

LF72 5 Sediment  Summary 

LF74 11 Sediment  Full 

LF88 5 Water  Summary 

LF91 1 Rinsate Blank  Summary 

LF98 3 Sediment  Summary 

LF99 12 Sediment  Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 
The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt  Matrix Spike/Matrix Spike Duplicates (MS/MSD) 
 Initial Calibration (ICAL) 1 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 

2 Laboratory Blanks   Reporting Limits 
1 Field Blanks 1 Compound Identification (Full validation only) 
2 Surrogate Compounds 1 Calculation Verification (Full validation only) 
 Laboratory Control Samples (LCS/LCSD)   

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 
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Holding Times and Sample Receipt 
The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C. 

The QAPP-required holding time criterion for soil samples is 14 days from date of sampling to date 
of extraction.  The QAPP-required holding time criterion for extracts is 40 days from extraction to 
analysis.  All samples were extracted and analyzed within the holding time criteria. 

SDG LF74:  One of two sample coolers were received at the laboratory at a temperature less than 
the lower control limit, at 1.0 ºC.  The temperature outlier did not impact data quality, therefore no 
action was taken. 

Laboratory Blanks 
In order to assess the impact of laboratory blank contamination on the reported sample results, action 
levels at five times the blank concentrations are established.  If the concentrations in the associated 
field samples are less than the action levels, the results are qualified as not detected (U).  If the 
results are also less than the reporting limit, the results are elevated to the reporting limit. 

SDG LF60:  A positive value for diesel range organics (DRO) was reported in the laboratory blank 
extracted on 7/3/07.  Because of the potential blank contamination, the associated samples were re-
extracted and reanalyzed.  Although the method blank for the re-extraction was clean, the samples 
were re-extracted outside of the holding time period. 

The original results should be reported and the re-extracted results should not be used.  The diesel 
results in Samples DP02-070625-13 and DP01-070626-11 were qualified as not detected (U-7).  All 
results from the re-extracted batch were labeled do-not-report (DNR-11). 

Field Blanks 
SDG LF60:  One field blank, DP05-070626-Rinsate, was reported with this SDG.  No positive 
results were reported in this blank. 

SDG LF91:  One field blank, SedRinsate-070629, was reported with this SDG.  No positive results 
were reported in this blank. 

Surrogates 
SDG LF60:  The percent recovery (%R) value for o-terphenyl was less than the control limit in 
Sample DP06-070625-7.  The reporting limits for diesel and motor oil were estimated (UJ-13) to 
indicate a potential low bias.   

The surrogate o-terphenyl was diluted out in Sample DP02-070625-11 (40x).  No action was taken 
on this basis. 

Field Duplicates 
SDG LF88:  One set of field duplicates was submitted: MW02-070629 and MW03-07-0629.  There 
were positive results for both DRO and motor oil in Sample MW02-070629.  These analytes were 
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not detected in Sample MW03-070629.  The differences between the positive results and the 
reporting limits (RL) were greater than the RL; the results for both samples were estimated (J/UJ-9). 

Compound Identification 
All samples in these SDGs were sulfuric acid/silica gel “cleaned” prior to analysis to reduce the 
effects of biogenic interference in the samples.  Biogenic interference can elevate the motor oil 
chromatographic response, making the sample results to be biased high. 

Calculation Verification 
SDG LF74:  Several recalculations were performed on this SDG.  No calculation errors were found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD), and  laboratory control sample/laboratory control sample duplicate (LCS/LCSD) %R 
values, with the exceptions noted above.  Precision was also acceptable as demonstrated by the  
LCS/LCSD, MS/MSD, and field duplicate relative percent difference values, with the exceptions 
previously noted. 

Data were estimated because of surrogate %R and field precision outliers.  Data were also qualified 
as not detected because of blank contamination. 

All data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Metals by Methods SW6010B, EPA 200.8, and SW7470A 

This report documents the review of analytical data from the analyses of sediment and water samples 
and the associated laboratory and field quality control (QC) samples.  Samples were analyzed by 
Analytical Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the 
individual samples. 

SDG Number of Samples Validation Level 
LF26 2 Slag Summary 
LF60 4 Sediment, 2 Water, 1 Rinsate Blank Summary 

LF62 16 Sediment Summary 
LF64 17 Sediment & 1 Water Summary 

LF72 13 Sediment Summary 
LF74 18 Sediment Full 

LF88 16 Water Summary 

LF91 1 Rinsate Blank Summary 
LF98 4 Sediment Summary 

LG93 16 Water Summary 
LI46 2 Water Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

SDGs LG93 and LI46:  These SDGs contain the results of the re-analysis of the water samples in 
SDGs LF88 and LF60.  The samples were re-analyzed by ICP-MS in order to obtain lower detection 
limits for arsenic, lead, and nickel. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 
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III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 
1 Holding Times  and Sample Preservation 1 Field Blanks 
 Initial Calibration   Laboratory Control Samples (LCS) 
 Calibration Verification  2 Matrix Spikes (MS) 
 CRDL Standards 2 Laboratory Duplicates 
 ICP Interference Check Samples 2 Field Duplicates 
 ICP Serial Dilutions  Target Analyte List 
 ICPMS Internal Standards  Reporting Limits 
 Laboratory Blanks 1 Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C.  The majority of the coolers were received at the laboratory at 
temperatures outside of these limits, with temperatures ranging from 1.0° to 4.2°C.  These 
temperature outliers did not impact data quality and no action was taken. 

Field Blanks 

SDG LF60:  One field blank, DP05-070626-Rinsate Blank, was submitted with this SDG.  Iron was 
detected in this blank at a level greater than the method detection limit (MDL).  In order to establish 
the effect on the field samples, an action level of five times the blank concentration was established.  
All associated samples were greater than the action level and no qualification of data was necessary.. 

SDG LF91:  One field blank, SedRinsate-070629, was submitted with this SDG.  There were no 
positive results in the field blank. 

Matrix Spike Samples  

Matrix spike samples (MS) were analyzed at the proper frequency of one per 20 samples or one per 
batch; whichever was more frequent.  The percent recovery (%R) values were within the control 
limits of 75%-125% with the exceptions noted below.  For %R values greater than 125%, the 
associated positive results were estimated (J) to indicate a possible high bias.  No action was taken for 
non-detects.  For %R values less than 75%, the associated positive results and detection limits were 
qualified as estimated (J/UJ) to indicate a possible low bias. 

SDG LF64:  The MS %R values for copper (227%) and zinc (148%) were greater than the upper 
control limit of 125%. All associated results were estimated (J-8). 

SDG LF72:  The MS %R values for nickel (61%) was less than the lower control limit of 75%. All 
associated results were estimated (J-8) to indicate a potential low bias. 
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SDG LF26:  The MS %R value for nickel (61%) was less than the lower control limit of 75%. All 
associated results were estimated (J-8) to indicate a potential low bias. 

SDG LG93:  The MS %R value for arsenic (140%) was greater than the upper control limit of 125%. 
All associated results were estimated (J-8) to indicate a potential high bias. 

Laboratory Duplicates 

Note that the relative percent difference (RPD) value is used to assess precision only if both sample 
results are greater than five times (5x) the reporting limit (RL) for a given analyte; otherwise the 
difference between the two results is used to evaluate precision.  The RPD control limit is 20%.  For 
results less than 5x the RL, the difference between the sample and duplicate must be less than 2x the 
RL for solid matrices and less than the RL for water matrices.  

SDG LF64:  The RPD values for copper, iron, nickel, and zinc were greater than the 20% control 
limit.  Associated results were qualified as estimated (J/UJ-9). 

SDG LF62:  The RPD value for lead (143%) was greater than the 20% control limit.  Associated 
results were qualified as estimated (J/UJ-9). 

SDG LF72:  The RPD value for nickel was greater than the 20% control limit.  Associated results 
were qualified as estimated (J-9). 

SDG LF74:  The RPD value for lead was greater than the 20% control limit.  Associated results 
were qualified as estimated (J/UJ-9). 

SDG LF26:  The RPD value for copper (33.6%) was greater than the 20% control limit.  Associated 
results were qualified as estimated (J-9). 

Field Duplicates 

Note that the RPD value is used to assess precision only if both sample results are greater than 5x 
the RL for a given analyte; otherwise the difference between the two results is used to evaluate 
precision.  For water matrices, the RPD control limit is 35% or the difference must be less than the 
RL.  For solid matrices, the RPD control limit is 50% or the difference must be less than 2x the RL. 

SDG LF88:  Two sets of field duplicates were submitted with this SDG:  MW02-070629 & 
MW03-070629 and SW02-070629 & SW01-070629.  For samples MW02-070629 & 
MW03-070629, the RPD for total iron (53.9%) was greater than the control limit of 35% and the 
difference between results for total copper was greater than the RL.  The total iron and copper results 
for these two samples were estimated (J-9). 

For Samples SW02-070629 & SW01-070629, the RPD for total iron (61.5%) was greater than the 
control limit.  The total iron results in both samples were estimated (J-9).  
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Calculation Verification 

SDG LF64:  The results for the water sample TPO8-070621-6 and the associated laboratory QC 
were reported in mg/L (ppm).  The results in the EDD were changed to ug/L (ppb) in order to have 
consistent units for all water samples.   

SDG LF74:  Several results were verified by recalculation from the raw data.  No calculation or 
transcription errors were found. 

SDGs LG93 and LI46:  The samples in these SDGs were analyzed by ICP-MS in order to obtain 
lower detection limits for arsenic, lead, and nickel.  The original results for these analytes in SDGs 
LF60 and LF88 were qualified as do-not-report (DNR-11). 

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory and field duplicate RPD values indicated acceptable precision, except as noted above.  
Accuracy was also acceptable, as demonstrated by the MS and laboratory control sample %R values, 
except as previously noted. 

Data were estimated based on MS %R, laboratory duplicate RPD, and field duplicate RPD outliers.  

Data were flagged as do-not-report (DNR) to indicate which result should be used from multiple 
reported results.  Data flagged as DNR should not be used for any reason. 

All other data, as qualified, are acceptable for use. 
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Conventional Parameter Analyses 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
LF74 18 Sediment Full 
LF99 12 Sediment Summary 

LK98 12 Sediment (grain size only) Summary 

The analytical tests that were performed are summarized below: 

Parameter Method  
Total Solids  160.3 
Grain Size PSEP 1986 

Total Organic Carbon (TOC) Plumb, 1981 
Total Volatile Solids (TVS) 160.4 

Ammonia as Nitrogen 350.1 
Total Sulfides 376.2 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

SDG LK98:  The EDD contained data for lab duplicates and triplicates for all grain size samples.  
Only the duplicate and triplicate associated with Sample SED07-070628-0-4 were included in the 
data package. 
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III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 
2 Holding Times and Sample Preservation  Laboratory Control Samples (LCS) 
 Initial Calibration  2 Matrix Spikes (MS) 
 Calibration Verification  2 Laboratory Replicates 
 Laboratory Blanks 1 Calculation Verification (Full data validation only) 

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C.  The majority of the coolers were received at the laboratory at 
temperatures outside of these limits, with temperatures ranging from 1.0° to 4.2°C.  These 
temperature outliers did not impact data quality and no action was taken. 

SDG LF99:  All TVS analyses were performed after the 7 day holding time.  Several samples were 
also analyzed for sulfide after the 7 day holding time.  These results were estimated (J-1). 

SDG LK98:  Samples SED17-070629-0-4, SED09-070629-0-4, and SED03-070629-0-4 were stored 
frozen after TOC analysis.  All grain size results for these samples were estimated (J/UJ-1). 

Matrix Spikes  

Matrix spike samples (MS) were analyzed at the proper frequency of one per 20 samples or one per 
batch; whichever was more frequent.  The percent recovery (%R) values were within the control 
limits of 75%-125% with the exceptions noted below.  For %R values greater than 125%, the 
associated positive results were estimated (J) to indicate a possible high bias.  No action was taken for 
non-detects.  For %R values less than 75%, the associated positive results and detection limits were 
qualified as estimated (J/UJ) to indicate a possible low bias. 

SDG LF99:  The MS %R value for total organic carbon (41.7%) was greater than the upper control 
limit of 125%. All associated results were estimated (J-8) to indicate a potential high bias. 

Laboratory Replicates 

Note that the relative percent difference (RPD) or percent relative standard deviation (%RSD) values 
are used to assess precision only if both sample results are greater than five times the reporting limit 
for a given analyte; otherwise the difference between the two results is used to evaluate precision.  
The RPD and %RSD control limits are 20%. 

SDG LF99:  The RPD values for TVS and TOC were greater than the 20% control limit.  Associated 
results were qualified as estimated (J/UJ-9). 
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Calculation Verification 
SDG LF74:  Calculation verifications were performed on this SDG.  No calculation errors were 
found. 

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory replicate RPD and %RSD values indicated acceptable precision, except as previously 
noted.  Accuracy was also acceptable, as demonstrated by the MS and laboratory control sample %R 
values. 

Data were estimated based on exceeded holding times, improper sample preservation, and laboratory 
replicate RPD and %RSD outliers. 

All data, as qualified, are acceptable for use. 
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DATA VALIDATION QUALIFIER CODES 
National Functional Guidelines 

 
 

The following definitions provide brief explanations of the qualifiers assigned to results in the 
data review process. 

 

U The analyte was analyzed for, but was not detected 
above the reported sample quantitation limit. 

J The analyte was positively identified; the associated 
numerical value is the approximate concentration of the 
analyte in the sample. 

N The analysis indicates the presence of an analyte for 
which there is presumptive evidence to make a 
“tentative identification”. 

NJ The analysis indicates the presence of an analyte that 
has been “tentatively identified” and the associated 
numerical value represents the approximate 
concentration. 

UJ The analyte was not detected above the reported 
sample quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the 
sample. 

R The sample results are rejected due to serious 
deficiencies in the ability to analyze the sample and 
meet quality control criteria.  The presence or absence 
of the analyte cannot be verified.  

The following is an EcoChem qualifier that may also be assigned during the data review process:

DNR Do not report; a more appropriate result is reported 
from another analysis or dilution. 

 

 



DATA QUALIFIER REASON CODES 
 

 1 Holding Time/Sample Preservation 

 2 Chromatographic pattern in sample does not match pattern of calibration standard. 

 3 Compound Confirmation 

 4 Tentatively Identified Compound (TIC) (associated with NJ only) 

 5A Calibration (initial) 

 5B Calibration (continuing) 

 6 Field Blank Contamination 

 7 Lab Blank Contamination (e.g., method blank, instrument, etc.) 

 8 Matrix Spike(MS & MSD) Recoveries 

 9 Precision (all replicates) 

 10 Laboratory Control Sample Recoveries 

 11 A more appropriate result is reported (associated with “R” and “DNR” only) 

 12 Reference Material 

 13 Surrogate Spike Recoveries (a.k.a., labeled compounds & recovery standards) 

 14 Other (define in validation report) 

 15 GFAA Post Digestion Spike Recoveries 

 16 ICP Serial Dilution % Difference 

 17 ICP Interference Check Standard Recovery 

 18 Trip Blank Contamination 

 19 Internal Standard Performance (e.g., area, retention time, recovery) 

 20 Linear Range Exceeded 

 21 Potential False Positives 
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DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 4°C ±2°
J(+)/UJ(-) if greater than 6 deg. C

(EcoChem PJ)
1

Holding Time
Water:  7 days from collection  
Soil:  14 days from collection 

Analysis:  40 days from extraction 

Water: 
J(+)/UJ(-) if ext. > 7 and < 21 days

J(+)/R(-) if ext > 21 days   (EcoChem PJ)

Solids/Wastes:
J(+)/UJ(-) if ext. > 14 and < 42 days

J(+)/R(-) if ext. > 42 days   (EcoChem PJ)

J(+)/UJ(-) if analysis >40 days

1

Tuning
DFTPP

Beginning of each 12 hour period
Method acceptance criteria

R(+/-) all analytes in all samples
associated with the tune

5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5A

%RSD < 30%
(EcoChem PJ, see TM-06)

J(+) if %RSD > 30%
5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5B

 %D <25%

(EcoChem PJ, see TM-06)

If  > +/-90%:  J+/R-
If  -90% to -26%: J+ (high bias)

If  26% to 90%: J+/UJ- (low bias)

5B

U(+) if sample (+) result is less than CRQL and
 less than appropriate 5X or 10X rule

 (raise sample value to CRQL)
7

U(+) if sample (+) result is greater than or equal to CRQL and 
less than appropriate 5X and 10X rule (at reported sample 

value)
7

No TICs present R(+) TICs using 10X rule 7

Field Blanks
(Not Required)

No results > CRQL Apply 5X/10X rule; U(+) < action level 6

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

Method Blank
One per matrix per batch

No results > CRQL

Initial Calibration
(Minimum 5 stds.)

Continuing Calibration
(Prior to each 12 hr. 

shift)
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DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

MS/MSD (recovery)
One per matrix per batch

Use method acceptance criteria

Qualify parent only unless other QC indicates 
systematic problems:
J(+) if both %R > UCL  

J(+)/UJ(-) if both %R < LCL
J(+)/R(-) if both %R < 10%
       PJ if only one %R outlier

8

MS/MSD
(RPD)

One per matrix per batch
Use method acceptance criteria

J(+) in parent sample if RPD > CL 9

LCS
low conc. H2O SVOA

One per lab batch
Within method control limits

J(+) assoc. cmpd if > UCL
J(+)/R(-) assoc. cmpd if < LCL

J(+)/R(-) all cmpds if half are < LCL
10

LCS
regular SVOA (H2O & 

solid)

One per lab batch
Lab or method control limits

J(+) if %R > UCL    J(+)/UJ(-) if %R <LCL
J(+)/R(-) if %R < 10% (EcoChem PJ)

10

LCS/LCSD
(if required)

One set per matrix and batch of 20 samples
RPD < 35%

J(+)/UJ(-) assoc. cmpd. in all samples 9

Surrogates
Minimum of 3 acid and 3 base/neutral 

compounds
Use method acceptance criteria

Do not qualify if only 1 acid and/or 1 B/N
surrogate is out unless <10%

J(+) if %R > UCL      J(+)/UJ(-) if %R < LCL
J(+)/R(-) if %R < 10%

13

Internal Standards

Added to all samples
Acceptable Range: IS area 50% to 200% of 

CCAL area
RT within 30 seconds of CC RT

J(+) if  > 200%
J(+)/UJ(-) if  < 50%
J(+)/R(-) if  < 25%

RT>30 seconds, narrate and Notify PM

19

Field Duplicates

Use QAPP limits.  If no QAPP: 
Solids:  RPD <50%

OR absolute diff. < 2X RL (for results < 5X RL)

Aqueous: RPD <35%
OR absolute diff. < 1X RL (for results < 5X RL)

Narrate and qualify if required by project
(EcoChem PJ)

9

TICs
Major ions (>10%) in reference must

be present in sample; intensities
agree within 20%; check identification

NJ the TIC unless:
R(+) common laboratory contaminants

See Technical Director for ID issues

4

Quantitation/
Identification

RRT within 0.06 of standard RRT
Ion relative intensity within 20% of standard

All ions in std. at > 10% intensity must 
be present in sample

See Technical Director if outliers
14

21 (false +)
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DATA VALIDATION CRITERIA Table No.:  Eco-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 1 of 6

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Soils: 4°C ±2°C
Waters: Nitric Acid to pH < 2                  

For Dissolved metals, 0.45um filter & preserve 
after filtration

Use Professional Judgment to qualify for cooler temperature 
outliers

J(+)/UJ(-) if preservation requirements 
are not met

1

Holding Time 180 days from date sampled J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r>0.995
J(+)/UJ(-) if r<0.995 (multi point cal) 5A

Initial Calibration 
Verification (ICV) 

Independent source analyzed immediately after 
Calibration

%R within +/- 10% of true value

J(+)/UJ(-) if %R 75%-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing 
Calibration 

Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

%R within +/- 10% of true value

J(+)/UJ(-) if %R = 75%-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Reporting Limit 
Standard 
(CRQL)

2X RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Sb, Pb, Tl)

R(-)/J(+)<2X RL if %R <50% (< 30% Sb, Pb, Tl)       
J(+)<2X RL, UJ(-) if %R 50-69% (30%-49% Sb, Pb,Tl) 

 J(+) <2X RL if %R 130%-180% (150%-200%Sb, Pb, Tl) 
R(+)<2X RL if %R>180% (200% Sb, Pb, Tl) 

14

Initial and Continuing 
Calibration Blank

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x absolute value of blank conc.
For (+) blk value, U(+) results < action level

For (-) blk value, J(+)/UJ(-) results < action level
7

Interference Check 
Sample

(ICSA/ICSAB)

ICSAB %R 80% - 120%  for all spiked elements  
 | ICSA | <  IDL (MDL) for all unspiked elements 

except: K, Na

For samples with Al,Ca,Fe, or Mg > ICS levels
R(+/-) if %R<50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R= 50% to 79% 
Use Professional Judgment for ICSA to dermine if

 bias is present
see TM-09 for additional details

17

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)
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DATA VALIDATION CRITERIA Table No.:  Eco-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 2 of 6

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)

Matrix Spike
One per matrix per batch 

75-125% for samples less than 4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 

J(+)/R(-) if %R<30%: UJ(-) if Post Spike %R 75%-125%
 all samples in batch

8

Post-digestion Spike
If  Matrix Spike is outside 75-125%, 

spike at twice the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate

One per matrix per batch
RPD <20% for samples > 5x RL 

Diff <RL for samples >RL and <5 x RL
(Diff <2X RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL (2X RL for solids)
all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D <10% for values > 50x MDL
J(+)/UJ(-) if %D >10%
all samples in batch

16

Water: 
One per batch 
%R  (80-120%) 

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%
10

Soil: 
One per batch 

Result within manufacturer's certified acceptance 
range 

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

10

Field Blank blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5X RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff<RL   Solid: Diff < 2X RL 

J(+)/UJ(-) in parent samples only 9

Linear Range 
Determined annually

Sample concentrations must  fall within range
J values over range 20

Laboratory Control 
Sample (LCS)
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DATA VALIDATION CRITERIA Table No.:  Eco-ICPMS
Revision No.:  Draft

Last Rev. Date: Draft
Page: 3 of 6

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Soils: 4°C ±2°C
Waters: Nitric Acid to pH < 2                             

For Dissolved metals, 0.45um filter & preserve after filtration

PJ - no qualifier for cooler temperature outliers
J(+)/UJ(-) if preservation requirements 

are not met
1

Holding Time 180 days from date sampled J(+)/UJ(-) if holding time exceeded 1

Tune 

Prior to ICAL
monitoring compounds analyzed 5 times wih Std Dev. < 5%

mass calibration <0.1 amu from True Value
Resolution < 0.9 AMU @ 10% peak height or 

<0.75 amu @ 5% peak height

J(+)/UJ(-) if tune criteria not met
5A

Initial Calibration
Blank +  minimum 1 standard

once every 24 hours
if more than 1 standard r>0.995

J(+)/UJ(-)  if r<0.995 (for multi point cal)
5A

Initial Calibration 
Verification  (ICV)

Independent source analyzed immediately after Cal
%R within +/- 10% of true value

J(+)/UJ(-) if %R 75%-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

+/- 10% of True value

J(+)/UJ(-) if %R 75%-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

CRDL/Reporting Limit 
Standard 

(CRI)

2X CRDL (RL) analyzed beginning of run
(some labs use RL as concentration) 

Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Co,Mn, Zn)

R(-),(+)<2X RL if %R <50% (< 30% Co,Mn, Zn)       
J(+)<2X RL, UJ(-) if %R 50-69% (30%-49% Co,Mn, Zn) 

J(+) <2X  RL if %R 130%-180% (150%-200% Co,Mn, Zn) 
R(+)<2X RL if %R>180%(200% Co,Mn, Zn) 

14

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
| blank | < MDL

Action level is 5x absolute value of blank conc.
For (+) blk value, U(+) results < action level

For (-) blk value, J(+)/UJ(-) results < action level
7

Field Blanks

 
Associated with samples taken

on same day 
Action level is 5x blank conc.

 U(+) sample values < AL
6

EcoChem Validation Guidelines for Metals Analysis by ICP/MS
(Based on Inorganic NFG 1994 & 2004)
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DATA VALIDATION CRITERIA Table No.:  Eco-ICPMS
Revision No.:  Draft

Last Rev. Date: Draft
Page: 4 of 6

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP/MS
(Based on Inorganic NFG 1994 & 2004)

Interference Check 
Sample

(ICSA/ICSAB)

Required by SW 6020, but not 200.8
ICSAB +/- 20% of true value

ICSA < +/- IDL

Where Al,Ca,Fe,Mg = ICS levels
J(+) if %R >120%       

J(+)/UJ(-) if %R = 50% to 79% 
 R(+/-) if %R<50%

 Professional Judgment for ICSA > +/- IDL
see TM-09 for additional details

17

Post-digestion Spike
If Matrix Spike is outside 75-125%

Spike parent sample at 2X the sample conc.
No qualifiers assigned based on this element

Matrix Spike
One per matrix per batch 

75-125% for samples where results 
do not exceed 4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 

J(+)/R(-) if %R<30%: UJ(-) if Post Spike %R 75%-125%
 all samples in batch

8

Laboratory Duplicate

One per matrix per batch
RPD <20% for samples > 5x RL 

Diff <RL for samples >RL and <5 x RL
(may use RPD < 35%, Diff < 2X RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

Water: 
One per batch 
%R  (80-120%) 

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%
10

Soil: 
One per batch 

Result within manufacturer's certified acceptance range 

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

10

Serial Dilution
5x dilution one per matrix

%D <10% for values > 50x MDL
J(+)/UJ(-) if %D >10% 16

Internal Standards
Every Sample

 SW6020:  60%-125% 
200.8:  30%-120%

J (+)/UJ (-)  all analytes associated with IS outlier 19

Field Blank blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5X RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff<RL   Solid: Diff < 2X RL 

J(+)/UJ(-) in parent samples only 9

Linear Range 
Determined annually

Sample concentrations must  fall within range
J values over range 20

Laboratory Control 
Sample (LCS)
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DATA VALIDATION CRITERIA Table No.:  Eco-HG
Revision No.: draft

Last Rev. Date: draft
Page: 5 of 6

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

Cooler Temperature 
and Preservation

Soils: 4°C ±2°C
Waters: Nitric Acid to pH < 2                   

For Dissolved metals, 0.45um filter & preserve 
after filtration

PJ - no qualifier for cooler temperature outliers
J(+)/UJ(-) if preservation requirements 

are not met
1

Holding Time 28 days from date sampled J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank + 4 standards r > 0.995

once every 24 hours
J(+)/UJ(-) if r<0.995 5A

Initial Calibration 
Verification (ICV)

Independent source analyzed immediately after 
Cal

%R within +/- 20% of true value

R(+/-) if %R < 65%    R(+) if %R > 135% 
J(+)/UJ(-) if %R = 65%-79%

J(+) if %R = 121-135%
5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

 %R within +/- 20% of true value

R(+/-) if %R < 65%    R(+) if %R > 135% 
J(+)/UJ(-) if %R = 65%-79%

J(+) if %R = 121-135%
5B

CRQL/Reporting Limit 
Standard

(CRA)

 @ CRQL/ RL - analyzed beginning of run  
%R = 70%-130% 

R(-),(+)<2XRL if %R <50%       
J(+)<2X RL, UJ(-) if %R 50-69% 
J(+) <2X RL if %R 130%-180% 

R(+)<2X RL if %R>180% 

14

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

after each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
| blank | < MDL

Action level is 5x absolute value of blank conc.
For (+) blk value, U(+) results < action level

For (-) blk value, J(+)/UJ(-) results < action level
7

Matrix Spike

One per matrix per batch 
5% frequency

75-125% for samples less than 
4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 
J(+)/R(-) if %R<30%
 all samples in batch

8

Laboratory Duplicate

One per matrix per batch
RPD <20% for samples > 5x RL 

Diff <RL for samples >RL and <5 x RL
(may use RPD < 35%, Diff < 2X RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

EcoChem Validation Guidelines for Mercury Analysis by CVAA
(Based on Inorganic NFG 1994 & 2004)
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Last Rev. Date: draft
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

EcoChem Validation Guidelines for Mercury Analysis by CVAA
(Based on Inorganic NFG 1994 & 2004)

Water: 
One per batch 
%R  (80-120%) 

R(+/-) if %R < 50%;
J(+) if %R >120% 

J(+)/UJ(-) if %R = 50-79%
10

Soil: 
One per batch 

Result within manufacturer's certified acceptance 
range 

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

10

Field Blank blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5X RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff<RL   Solid: Diff < 2X RL 

J(+)/UJ(-) in parent samples only 9

Laboratory Control 
Sample (LCS)
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DATA VALIDATION CRITERIA Table No.:  Eco-Conv
Revision No.:  0

Last Rev. Date: FINAL DRAFT
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

Cooler Temperature and 
Preservation

4°C ±2°
Water: NaOH to pH > 12 (for CN) J(+)/UJ(-) if preservation requirements not met

EcoChem PJ

1

Holding Time Method Specific
Professional Judgment

J(+)/UJ(-) if holding time exceeded
J(+)/R(-) if HT exceeded by > 3X

1

Initial Calibration
Method specific once every 24 hours

One at CRDL          r>0.995 
Use professional judgment

J(+)/UJ(-) for r < 0.995
5A

Initial Calibration 
Verification  (ICV)

Independent source analyzed
immediately after cal. 
%R method specific

R(+/-) if %R sig < LCL
J(+)/UJ(-) if %R < LCL

J(+) if %R > UCL
R(+) if %R sig > UCL

5A

Continuing Cal 
Verification (CCV)

Every ten samples, immed. following
ICV/ICB and end of run

 %R method specific

R(+/-) if %R sig < LCL
J(+)/UJ(-) if %R < LCL

J(+) if %R > UCL
R(+) if %R sig > UCL

5B

Initial and Continuing 
Cal Blanks (ICB/CCB)

After each ICV and CCV every ten 
samples and end of run blank < +/- IDL

For positive blk results: UJ(+) < 5X blk 
contamination

For negative blk results: J(+)/UJ(-) < abs. value of 
5X blk contamination

7

Prep Blank
One per matrix per batch 

(not to exceed 20 samples) 

For positive blk results: UJ(+) < 5X blk 
contamination

For negative blk results: J(+)/UJ(-) < abs. value of 
5X blk contamination

7

Matrix Spike
One per matrix per batch; 5% frequency 

75-125% for samples less than 
4 x spike level

J(+)  if %R > 125% or < 75% 
UJ(-) if %R = 30-74%

R(+/-) results < IDL if %R < 30% 
8

Laboratory Duplicate

One per matrix per batch
RPD <20% for samples > 5x CRDL 

Diff < CRDL for samples >CRDL and <5 x CRDL
(may use RPD < 35%, Diff < 2X CRDL for solids)

J(+)/UJ(-) in assoc samples if 
RPD > 20% or diff > CRDL

9

Waters: 
One per matrix per batch 

%R  (80-120%) 

R(+/-) if MS/MSD & LCS %R outside limits
J(+)/UJ(-) if %R = 50-79%  

J(+) if %R > 120% 
R(+/-) if %R < 50%

10

Soils: 
One per matrix per batch 

Result within manufacturer's certified acceptance 
range 

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

10

EcoChem Validation Guidelines for Conventional Chemistry Analysis
(Based on EPA Standard Methods)

Laboratory Control 
Sample 
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION REASON CODE

EcoChem Validation Guidelines for Conventional Chemistry Analysis
(Based on EPA Standard Methods)

Field Blanks
taken on same day as samples

Action level is 5x  blk conc.
 U(+) sample values < AL 6

Field Duplicates

Waters RPD < 35%      Soils RPD < 50%
for values > 5 x CRDL

Diff < CRDL for samples >CRDL and <5 x CRDL
(may use Diff < 2X CRDL for solids)

J(+)/UJ(-) in parent samples only 9
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QUALIFIED DATA SUMMARY TABLE
Irondale

SDG Sample ID Laboratory ID Analyte Result* Units Lab Qual DV Qual Reason Code

LF60 DP04-070625-7.5 07-13369-LF60CRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP04-070625-7.5 07-13369-LF60CRE Motor Oil mg/kg U DNR 11

LF60 DP04-070625-12 07-13370-LF60DRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP04-070625-12 07-13370-LF60DRE Motor Oil mg/kg U DNR 11

LF60 DP02-070625-11 07-13372-LF60FRE Diesel Range Hydrocarbons 4800 mg/kg DNR 11

LF60 DP02-070625-11 07-13372-LF60FRE Motor Oil 4600 mg/kg DNR 11

LF60 DP02-070625-13 07-13373-LF60G Diesel Range Hydrocarbons 12 mg/kg U 7

LF60 DP02-070625-13 07-13373-LF60GRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP02-070625-13 07-13373-LF60GRE Motor Oil 23 mg/kg DNR 11

LF60 DP06-070625-7 07-13374-LF60H Diesel Range Hydrocarbons mg/kg U UJ 13

LF60 DP06-070625-7 07-13374-LF60H Motor Oil mg/kg U UJ 13

LF60 DP06-070625-7 07-13374-LF60HRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP06-070625-7 07-13374-LF60HRE Motor Oil mg/kg U DNR 11
LF60 DP01-070626-W 07-13375-LF60I Arsenic ug/l U DNR 11
LF60 DP01-070626-W 07-13375-LF60I Lead ug/l U DNR 11
LF60 DP07-070626-W 07-13376-LF60J Arsenic ug/l U DNR 11

LF60 DP05-070626-7 07-13378-LF60LRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP05-070626-7 07-13378-LF60LRE Motor Oil mg/kg U DNR 11

LF60 DP03-070626-7 07-13382-LF60PRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP03-070626-7 07-13382-LF60PRE Motor Oil mg/kg U DNR 11

LF60 DP01-070626-5 07-13385-LF60SRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP01-070626-11 07-13386-LF60T Diesel Range Hydrocarbons 8.0 mg/kg U 7

LF60 DP01-070626-11 07-13386-LF60TRE Diesel Range Hydrocarbons mg/kg U DNR 11

LF60 DP01-070626-11 07-13386-LF60TRE Motor Oil mg/kg U DNR 11
LF60 DP01-070626-5 07-14846-LF60SRE Motor Oil mg/kg U DNR 11
LF62 TP13-070625-2.5 07-13396-LF62A Lead mg/kg U UJ 9
LF62 TP13-070625-5 07-13397-LF62B Lead mg/kg U UJ 9
LF62 TP13-070625-8 07-13398-LF62C Lead mg/kg U UJ 9
LF62 TP27-070625-5 07-13399-LF62D Lead 3 mg/kg J 9
LF62 TP28-070625-5 07-13401-LF62F Lead 4 mg/kg J 9
LF62 TP21-070625-2 07-13406-LF62K Lead 31 mg/kg J 9
LF62 TP21-070625-4 07-13407-LF62L Lead 33 mg/kg J 9
LF62 TP01-070625-1 07-13408-LF62M Lead 7 mg/kg J 9
LF62 TP01-070625-2.5 07-13409-LF62N Lead mg/kg U UJ 9
LF62 TP02-070625-2 07-13410-LF62O Lead 130 mg/kg J 9
LF62 TP02-070625-3 07-13411-LF62P Lead 3 mg/kg J 9
LF62 TP20-070625-2 07-13412-LF62Q Lead 4 mg/kg J 9
LF62 TP20-070625-4 07-13413-LF62R Lead mg/kg U UJ 9
LF62 TP20-070625-6 07-13414-LF62S Lead mg/kg U UJ 9
LF64 TP15-070621-2 07-13417-LF64A Copper 5.6 mg/kg J 8,9
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QUALIFIED DATA SUMMARY TABLE
Irondale

SDG Sample ID Laboratory ID Analyte Result* Units Lab Qual DV Qual Reason Code
LF64 TP15-070621-2 07-13417-LF64A Iron 9930 mg/kg J 9
LF64 TP15-070621-2 07-13417-LF64A Nickel 19 mg/kg J 9
LF64 TP15-070621-2 07-13417-LF64A Zinc 18 mg/kg J 8,9
LF64 TP15-070621-4 07-13418-LF64B Copper 5.0 mg/kg J 8,9
LF64 TP15-070621-4 07-13418-LF64B Iron 10100 mg/kg J 9
LF64 TP15-070621-4 07-13418-LF64B Nickel 21 mg/kg J 9
LF64 TP15-070621-4 07-13418-LF64B Zinc 19 mg/kg J 8,9
LF64 TP15-070621-6.5 07-13419-LF64C Copper 5.2 mg/kg J 8,9
LF64 TP15-070621-6.5 07-13419-LF64C Iron 9070 mg/kg J 9
LF64 TP15-070621-6.5 07-13419-LF64C Nickel 26 mg/kg J 9
LF64 TP15-070621-6.5 07-13419-LF64C Zinc 18 mg/kg J 8,9
LF64 TP19-070621-2 07-13420-LF64D Copper 9.3 mg/kg J 8,9
LF64 TP19-070621-2 07-13420-LF64D Iron 12800 mg/kg J 9
LF64 TP19-070621-2 07-13420-LF64D Nickel 23 mg/kg J 9
LF64 TP19-070621-2 07-13420-LF64D Zinc 20 mg/kg J 8,9
LF64 TP19-070621-5.5 07-13421-LF64E Copper 4.9 mg/kg J 8,9
LF64 TP19-070621-5.5 07-13421-LF64E Iron 9130 mg/kg J 9
LF64 TP19-070621-5.5 07-13421-LF64E Nickel 19 mg/kg J 9
LF64 TP19-070621-5.5 07-13421-LF64E Zinc 18 mg/kg J 8,9
LF64 TP19-070621-7 07-13422-LF64F Copper 6.1 mg/kg J 8,9
LF64 TP19-070621-7 07-13422-LF64F Iron 10600 mg/kg J 9
LF64 TP19-070621-7 07-13422-LF64F Nickel 25 mg/kg J 9
LF64 TP19-070621-7 07-13422-LF64F Zinc 21 mg/kg J 8,9
LF64 TP06-070621-2 07-13423-LF64G Copper 14.9 mg/kg J 8,9
LF64 TP06-070621-2 07-13423-LF64G Iron 18100 mg/kg J 9
LF64 TP06-070621-2 07-13423-LF64G Nickel 43 mg/kg J 9
LF64 TP06-070621-2 07-13423-LF64G Zinc 29 mg/kg J 8,9
LF64 TP06-070621-4 07-13424-LF64H Copper 10.6 mg/kg J 8,9
LF64 TP06-070621-4 07-13424-LF64H Iron 13100 mg/kg J 9
LF64 TP06-070621-4 07-13424-LF64H Nickel 32 mg/kg J 9
LF64 TP06-070621-4 07-13424-LF64H Zinc 26 mg/kg J 8,9
LF64 TP06-070621-6.5 07-13425-LF64I Copper 10.8 mg/kg J 8,9
LF64 TP06-070621-6.5 07-13425-LF64I Iron 14100 mg/kg J 9
LF64 TP06-070621-6.5 07-13425-LF64I Nickel 47 mg/kg J 9
LF64 TP06-070621-6.5 07-13425-LF64I Zinc 33 mg/kg J 8,9
LF64 TP08-070621-1.5 07-13426-LF64J Copper 137 mg/kg J 8,9
LF64 TP08-070621-1.5 07-13426-LF64J Iron 39800 mg/kg J 9
LF64 TP08-070621-1.5 07-13426-LF64J Nickel 42 mg/kg J 9
LF64 TP08-070621-1.5 07-13426-LF64J Zinc 68 mg/kg J 8,9
LF64 TP08-070621-4 07-13427-LF64K Copper 95 mg/kg J 8,9
LF64 TP08-070621-4 07-13427-LF64K Iron 143000 mg/kg J 9
LF64 TP08-070621-4 07-13427-LF64K Nickel 28 mg/kg J 9
LF64 TP08-070621-4 07-13427-LF64K Zinc 44 mg/kg J 8,9
LF64 TP08-070621-6 07-13428-LF64L Copper 1640 mg/kg J 8,9
LF64 TP08-070621-6 07-13428-LF64L Iron 171000 mg/kg J 9
LF64 TP08-070621-6 07-13428-LF64L Nickel mg/kg U UJ 9
LF64 TP08-070621-6 07-13428-LF64L Zinc 110 mg/kg J 8,9
LF64 TP07-070621-2 07-13429-LF64M Copper 18.5 mg/kg J 8,9
LF64 TP07-070621-2 07-13429-LF64M Iron 20100 mg/kg J 9
LF64 TP07-070621-2 07-13429-LF64M Nickel 36 mg/kg J 9
LF64 TP07-070621-2 07-13429-LF64M Zinc 28 mg/kg J 8,9
LF64 TP07-070621-4 07-13430-LF64N Copper 21.7 mg/kg J 8,9
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QUALIFIED DATA SUMMARY TABLE
Irondale

SDG Sample ID Laboratory ID Analyte Result* Units Lab Qual DV Qual Reason Code
LF64 TP07-070621-4 07-13430-LF64N Iron 14600 mg/kg J 9
LF64 TP07-070621-4 07-13430-LF64N Nickel 38 mg/kg J 9
LF64 TP07-070621-4 07-13430-LF64N Zinc 30 mg/kg J 8,9
LF64 TP07-070621-6.5 07-13431-LF64O Copper 11.2 mg/kg J 8,9
LF64 TP07-070621-6.5 07-13431-LF64O Iron 13100 mg/kg J 9
LF64 TP07-070621-6.5 07-13431-LF64O Nickel 32 mg/kg J 9
LF64 TP07-070621-6.5 07-13431-LF64O Zinc 28 mg/kg J 8,9
LF64 TP11-070621-2 07-13432-LF64P Copper 69.0 mg/kg J 8,9
LF64 TP11-070621-2 07-13432-LF64P Iron 17400 mg/kg J 9
LF64 TP11-070621-2 07-13432-LF64P Nickel 46 mg/kg J 9
LF64 TP11-070621-2 07-13432-LF64P Zinc 35 mg/kg J 8,9
LF64 TP11-070621-2 07-13432-LF64P Acenaphthene 650 ug/kg M NJ 21
LF64 TP11-070621-4 07-13433-LF64Q 1-Methylnaphthalene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q 2-Methylnaphthalene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Acenaphthene 730 ug/kg J 1
LF64 TP11-070621-4 07-13433-LF64Q Acenaphthylene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Anthracene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Benzo(a)anthracene 460 ug/kg J 1
LF64 TP11-070621-4 07-13433-LF64Q Benzo(a)pyrene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Benzo(b)fluoranthene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Benzo(g,h,i)perylene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Benzo(k)fluoranthene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Chrysene 1500 ug/kg J 1
LF64 TP11-070621-4 07-13433-LF64Q Dibenz(a,h)anthracene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Dibenzofuran ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Fluoranthene 610 ug/kg J 1
LF64 TP11-070621-4 07-13433-LF64Q Fluorene 2800 ug/kg J 1
LF64 TP11-070621-4 07-13433-LF64Q Indeno(1,2,3-cd)pyrene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Naphthalene ug/kg U UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Phenanthrene ug/kg Y UJ 1
LF64 TP11-070621-4 07-13433-LF64Q Pyrene 1300 ug/kg J 1
LF64 TP11-070621-6.5 07-13435-LF64S Copper 9.7 mg/kg J 8,9
LF64 TP11-070621-6.5 07-13435-LF64S Iron 13000 mg/kg J 9
LF64 TP11-070621-6.5 07-13435-LF64S Nickel 35 mg/kg J 9
LF64 TP11-070621-6.5 07-13435-LF64S Zinc 25 mg/kg J 8,9
LF72 TP14-070626-2 07-13456-LF72A Nickel 28 mg/kg J 8,9
LF72 TP14-070626-6 07-13458-LF72C Nickel 19 mg/kg J 8,9
LF72 TP14-070626-8 07-13459-LF72D Nickel 19 mg/kg J 8,9
LF72 TP18-070626-1.5 07-13460-LF72E Nickel 27 mg/kg J 8,9
LF72 TP18-070626-3 07-13461-LF72F Nickel 18 mg/kg J 8,9
LF72 TP18-070626-8 07-13463-LF72H Nickel 22 mg/kg J 8,9
LF72 TP17-070626-2 07-13464-LF72I Nickel 19 mg/kg J 8,9
LF72 TP17-070626-6 07-13466-LF72K Nickel 20 mg/kg J 8,9
LF72 TP17-070626-8 07-13467-LF72L Nickel 21 mg/kg J 8,9
LF72 TP22-070626-2 07-13469-LF72N Nickel 140 mg/kg J 8,9
LF72 TP30-070626-3.5 07-13470-LF72O Nickel 32 mg/kg J 8,9
LF72 TP03-070626-1 07-13471-LF72P Nickel 160 mg/kg J 8,9
LF72 TP03-070626-2 07-13472-LF72Q Nickel 25 mg/kg J 8,9
LF74 TP24-070622-2 07-13487-LF74M Benzo(a)pyrene 380 ug/kg M NJ 21
LF74 TP26-070622-6.5 07-13490-LF74P Acenaphthene 790 ug/kg M NJ 21
LF74 TP26-070622-6.5 07-13490-LF74P Benzo(a)pyrene 120 ug/kg M NJ 21
LF74 TP26-070622-6.5 07-13490-LF74P Phenanthrene 420 ug/kg M NJ 21
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LF74 TP26-070622-7 07-13491-LF74Q C8-C10 Aliphatics 27000 ug/kg J 8
LF74 TP26-070622-7 07-13491-LF74Q Fluorene 9800 ug/kg E DNR 20
LF74 TP26-070622-7 07-13491-LF74QDL 1-Methylnaphthalene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL 2-Methylnaphthalene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Acenaphthene 3100 ug/kg DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Acenaphthylene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Anthracene 290 ug/kg DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Benzo(a)anthracene 750 ug/kg DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Benzo(a)pyrene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Benzo(b)fluoranthene 340 ug/kg M DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Benzo(g,h,i)perylene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Benzo(k)fluoranthene 340 ug/kg M DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Chrysene 1700 ug/kg DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Dibenz(a,h)anthracene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Dibenzofuran ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Fluoranthene 1200 ug/kg DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Indeno(1,2,3-cd)pyrene ug/kg U DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Naphthalene ug/kg Y DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Phenanthrene ug/kg Y DNR 11
LF74 TP26-070622-7 07-13491-LF74QDL Pyrene 2100 ug/kg DNR 11
LF88 MW03-070628 07-13573-LF88A Arsenic ug/l U DNR 11
LF88 MW03-070628 07-13573-LF88A Iron 260 ug/l J 9
LF88 MW03-070628 07-13573-LF88A Lead ug/l U DNR 11
LF88 MW03-070628 07-13573-LF88A Nickel ug/l U DNR 11
LF88 MW05-070628 07-13574-LF88B Arsenic ug/l U DNR 11
LF88 MW05-070628 07-13574-LF88B Iron 230 ug/l J 9
LF88 MW05-070628 07-13574-LF88B Lead ug/l U DNR 11
LF88 MW05-070628 07-13574-LF88B Nickel ug/l U DNR 11
LF88 MW04-070628 07-13575-LF88C Arsenic ug/l U DNR 11
LF88 MW04-070628 07-13575-LF88C Iron 380 ug/l J 9
LF88 MW04-070628 07-13575-LF88C Lead ug/l U DNR 11
LF88 MW04-070628 07-13575-LF88C Nickel ug/l U DNR 11
LF88 MW02-070629 07-13576-LF88D Chrysene 0.3 ug/L J 9
LF88 MW02-070629 07-13576-LF88D Naphthalene 0.11 ug/L M NJ 21
LF88 MW02-070629 07-13576-LF88D Phenanthrene 0.11 ug/L M NJ 21
LF88 MW02-070629 07-13576-LF88D Pyrene 0.34 ug/L J 9

LF88 MW02-070629 07-13576-LF88D Diesel Range Hydrocarbons 1.8 mg/L J 9

LF88 MW02-070629 07-13576-LF88D Motor Oil 1.7 mg/L J 9
LF88 MW02-070629 07-13576-LF88D Arsenic ug/l U DNR 11
LF88 MW02-070629 07-13576-LF88D Iron 1860 ug/l J 9
LF88 MW02-070629 07-13576-LF88D Lead ug/l U DNR 11
LF88 MW02-070629 07-13576-LF88D Nickel ug/l U DNR 11
LF88 MW03-070629 07-13577-LF88E Benzo(a)anthracene ug/L U UJ 9
LF88 MW03-070629 07-13577-LF88E Fluoranthene ug/L U UJ 9

LF88 MW03-070629 07-13577-LF88E Diesel Range Hydrocarbons mg/L U UJ 9

LF88 MW03-070629 07-13577-LF88E Motor Oil mg/L U UJ 9
LF88 MW03-070629 07-13577-LF88E Arsenic ug/l U DNR 11
LF88 MW03-070629 07-13577-LF88E Iron 1070 ug/l J 9
LF88 MW03-070629 07-13577-LF88E Lead ug/l U DNR 11
LF88 MW03-070629 07-13577-LF88E Nickel ug/l U DNR 11
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LF88 SW02-070629 07-13578-LF88F Arsenic ug/l U DNR 11
LF88 SW02-070629 07-13578-LF88F Iron 1360 ug/l J 9
LF88 SW02-070629 07-13578-LF88F Lead ug/l U DNR 11
LF88 SW02-070629 07-13578-LF88F Nickel ug/l U DNR 11
LF88 SW01-070629 07-13579-LF88G Arsenic ug/l U DNR 11
LF88 SW01-070629 07-13579-LF88G Iron 720 ug/l J 9
LF88 SW01-070629 07-13579-LF88G Lead ug/l U DNR 11
LF88 SW01-070629 07-13579-LF88G Nickel ug/l U DNR 11
LF88 SW01DUP-070629 07-13580-LF88H Arsenic ug/l U DNR 11
LF88 SW01DUP-070629 07-13580-LF88H Iron 990 ug/l J 9
LF88 SW01DUP-070629 07-13580-LF88H Lead ug/l U DNR 11
LF88 SW01DUP-070629 07-13580-LF88H Nickel ug/l U DNR 11
LF88 MW03-070628 07-13581-LF88I Arsenic ug/l U DNR 11
LF88 MW03-070628 07-13581-LF88I Iron ug/l U UJ 9
LF88 MW03-070628 07-13581-LF88I Lead ug/l U DNR 11
LF88 MW03-070628 07-13581-LF88I Nickel ug/l U DNR 11
LF88 MW05-070628 07-13582-LF88J Arsenic ug/l U DNR 11
LF88 MW05-070628 07-13582-LF88J Iron ug/l U UJ 9
LF88 MW05-070628 07-13582-LF88J Lead ug/l U DNR 11
LF88 MW05-070628 07-13582-LF88J Nickel ug/l U DNR 11
LF88 MW04-070628 07-13583-LF88K Arsenic ug/l U DNR 11
LF88 MW04-070628 07-13583-LF88K Iron 190 ug/l J 9
LF88 MW04-070628 07-13583-LF88K Lead ug/l U DNR 11
LF88 MW04-070628 07-13583-LF88K Nickel ug/l U DNR 11
LF88 MW02-070629 07-13584-LF88L Arsenic ug/l U DNR 11
LF88 MW02-070629 07-13584-LF88L Iron 270 ug/l J 9
LF88 MW02-070629 07-13584-LF88L Lead ug/l U DNR 11
LF88 MW02-070629 07-13584-LF88L Nickel ug/l U DNR 11
LF88 MW03-070629 07-13585-LF88M Arsenic ug/l U DNR 11
LF88 MW03-070629 07-13585-LF88M Iron 260 ug/l J 9
LF88 MW03-070629 07-13585-LF88M Lead ug/l U DNR 11
LF88 MW03-070629 07-13585-LF88M Nickel ug/l U DNR 11
LF88 SW02-070629 07-13586-LF88N Arsenic ug/l U DNR 11
LF88 SW02-070629 07-13586-LF88N Iron ug/l U UJ 9
LF88 SW02-070629 07-13586-LF88N Lead ug/l U DNR 11
LF88 SW02-070629 07-13586-LF88N Nickel ug/l U DNR 11
LF88 SW01-070629 07-13587-LF88O Arsenic ug/l U DNR 11
LF88 SW01-070629 07-13587-LF88O Iron ug/l U UJ 9
LF88 SW01-070629 07-13587-LF88O Lead ug/l U DNR 11
LF88 SW01-070629 07-13587-LF88O Nickel ug/l U DNR 11
LF88 SW01DUP-070629 07-13588-LF88P Arsenic ug/l U DNR 11
LF88 SW01DUP-070629 07-13588-LF88P Iron ug/l U UJ 9
LF88 SW01DUP-070629 07-13588-LF88P Lead ug/l U DNR 11
LF88 SW01DUP-070629 07-13588-LF88P Nickel ug/l U DNR 11
LF99 SED07-070628-0-4 07-13708-LF99A Total Volatile Solids 2.15 Percent J 1,9
LF99 SED07-070628-0-4 07-13708-LF99A Sulfide 47.9 mg/kg J 1
LF99 SED07-070628-0-4 07-13708-LF99A Total Organic Carbon 0.284 Percent J 8,9
LF99 SED07-070628-0-4 07-13708-LF99A 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED07-070628-0-4 07-13708-LF99A Benzyl Alcohol ug/kg U UJ 5B
LF99 SED16-070628-0-4 07-13710-LF99C Total Volatile Solids Percent U UJ 1,9
LF99 SED16-070628-0-4 07-13710-LF99C Sulfide 242 mg/kg J 1
LF99 SED16-070628-0-4 07-13710-LF99C Total Organic Carbon 0.214 Percent J 8,9
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LF99 SED16-070628-0-4 07-13710-LF99C 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED16-070628-0-4 07-13710-LF99C Benzyl Alcohol ug/kg U UJ 5B
LF99 SED06-070628-0-4 07-13712-LF99E Total Volatile Solids Percent U UJ 1,9
LF99 SED06-070628-0-4 07-13712-LF99E Sulfide 527 mg/kg J 1
LF99 SED06-070628-0-4 07-13712-LF99E Total Organic Carbon 0.206 Percent J 8,9
LF99 SED06-070628-0-4 07-13712-LF99E Benzoic Acid ug/kg U R 8
LF99 SED06-070628-0-4 07-13712-LF99E Benzyl Alcohol ug/kg U R 8
LF99 SED06-070628-0-4 07-13712-LF99E 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED06-070628-0-4 07-13712-LF99E Benzyl Alcohol ug/kg U UJ 5B
LF99 SED05-070628-0-4 07-13715-LF99H Total Volatile Solids 1.74 Percent J 1,9
LF99 SED05-070628-0-4 07-13715-LF99H Sulfide 252 mg/kg J 1
LF99 SED05-070628-0-4 07-13715-LF99H Total Organic Carbon 0.791 Percent J 8,9
LF99 SED05-070628-0-4 07-13715-LF99H 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED05-070628-0-4 07-13715-LF99H Benzyl Alcohol ug/kg U UJ 5B
LF99 SED11-070628-0-4 07-13718-LF99K Total Volatile Solids 5.61 Percent J 1,9
LF99 SED11-070628-0-4 07-13718-LF99K Sulfide 902 mg/kg J 1
LF99 SED11-070628-0-4 07-13718-LF99K Total Organic Carbon 0.258 Percent J 8,9
LF99 SED11-070628-0-4 07-13718-LF99K 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED11-070628-0-4 07-13718-LF99K Benzyl Alcohol ug/kg U UJ 5B
LF99 SED02-070628-0-4 07-13720-LF99M Total Volatile Solids 3.9 Percent J 1,9
LF99 SED02-070628-0-4 07-13720-LF99M Sulfide 1860 mg/kg J 1
LF99 SED02-070628-0-4 07-13720-LF99M Total Organic Carbon 0.339 Percent J 8,9
LF99 SED02-070628-0-4 07-13720-LF99M 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED02-070628-0-4 07-13720-LF99M Benzyl Alcohol ug/kg U UJ 5B

LF99 SED02-070628-4-18 07-13721-LF99N Total Volatile Solids 8.03 Percent J 1,9

LF99 SED02-070628-4-18 07-13721-LF99N Sulfide 2000 mg/kg J 1

LF99 SED02-070628-4-18 07-13721-LF99N Total Organic Carbon 10.4 Percent J 8,9

LF99 SED02-070628-4-18 07-13721-LF99N Benzo(a)anthracene 710 ug/kg J 19

LF99 SED02-070628-4-18 07-13721-LF99N bis(2-Ethylhexyl)phthalate ug/kg U UJ 19

LF99 SED02-070628-4-18 07-13721-LF99N Butylbenzylphthalate ug/kg U UJ 19

LF99 SED02-070628-4-18 07-13721-LF99N Chrysene 3300 ug/kg J 19

LF99 SED02-070628-4-18 07-13721-LF99N Di-n-Octyl phthalate ug/kg U UJ 19

LF99 SED02-070628-4-18 07-13721-LF99N Pyrene 2300 ug/kg J 19

LF99 SED02-070628-4-18 07-13721-LF99N 2,4-Dimethylphenol ug/kg U UJ 10

LF99 SED02-070628-4-18 07-13721-LF99N Benzyl Alcohol ug/kg U UJ 5B

LF99 SED02-070628-4-18 07-13721-LF99NDL 1,2,4-Trichlorobenzene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 1,2-Dichlorobenzene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 1,3-Dichlorobenzene ug/kg U DNR 11
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LF99 SED02-070628-4-18 07-13721-LF99NDL 1,4-Dichlorobenzene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 2,4-Dimethylphenol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 2-Methylnaphthalene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 2-Methylphenol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL 4-Methylphenol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Acenaphthene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Acenaphthylene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Anthracene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzo(a)anthracene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzo(a)pyrene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzo(b)fluoranthene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzo(g,h,i)perylene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzo(k)fluoranthene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzoic Acid ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Benzyl Alcohol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL bis(2-Ethylhexyl)phthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Butylbenzylphthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Chrysene 3400 ug/kg J DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Dibenz(a,h)anthracene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Dibenzofuran ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Diethylphthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Dimethylphthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Di-n-Butylphthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Di-n-Octyl phthalate ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Fluoranthene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Fluorene ug/kg U DNR 11
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LF99 SED02-070628-4-18 07-13721-LF99NDL Hexachlorobenzene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Hexachlorobutadiene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Indeno(1,2,3-cd)pyrene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Naphthalene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL N-Nitrosodiphenylamine ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Pentachlorophenol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Phenanthrene ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Phenol ug/kg U DNR 11

LF99 SED02-070628-4-18 07-13721-LF99NDL Pyrene ug/kg U DNR 11

LF99 SED01-070628-0-4 07-13722-LF99O Total Volatile Solids 4.56 Percent J 1,9
LF99 SED01-070628-0-4 07-13722-LF99O Sulfide 1120 mg/kg J 1
LF99 SED01-070628-0-4 07-13722-LF99O Total Organic Carbon 0.162 Percent J 8,9
LF99 SED01-070628-0-4 07-13722-LF99O 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED01-070628-0-4 07-13722-LF99O Benzyl Alcohol ug/kg U UJ 5B

LF99 SED01-070628-4-24 07-13723-LF99P Total Volatile Solids 1.3 Percent J 1,9

LF99 SED01-070628-4-24 07-13723-LF99P Sulfide 827 mg/kg J 1

LF99 SED01-070628-4-24 07-13723-LF99P Total Organic Carbon 0.376 Percent J 8,9

LF99 SED01-070628-4-24 07-13723-LF99P 2,4-Dimethylphenol ug/kg U UJ 10

LF99 SED01-070628-4-24 07-13723-LF99P Benzyl Alcohol ug/kg U UJ 5B

LF99 SED17-070629-0-4 07-13724-LF99Q Total Volatile Solids 1.97 Percent J 1,9
LF99 SED17-070629-0-4 07-13724-LF99Q Total Organic Carbon 0.752 Percent J 8,9
LF99 SED17-070629-0-4 07-13724-LF99Q 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED17-070629-0-4 07-13724-LF99Q Benzyl Alcohol ug/kg U UJ 5B
LF99 SED09-070629-0-4 07-13726-LF99S Total Volatile Solids 1.79 Percent J 1,9
LF99 SED09-070629-0-4 07-13726-LF99S Total Organic Carbon 1.03 Percent J 8,9
LF99 SED09-070629-0-4 07-13726-LF99S 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED09-070629-0-4 07-13726-LF99S Benzyl Alcohol ug/kg U UJ 5B
LF99 SED03-070629-0-4 07-13728-LF99U Total Volatile Solids 2.2 Percent J 1,9
LF99 SED03-070629-0-4 07-13728-LF99U Total Organic Carbon 0.84 Percent J 8,9
LF99 SED03-070629-0-4 07-13728-LF99U 2,4-Dimethylphenol ug/kg U UJ 10
LF99 SED03-070629-0-4 07-13728-LF99U Benzyl Alcohol ug/kg U UJ 5B
LG26 SLAG1-070627 07-13848-LG26A Copper 3060 mg/kg J 9
LG26 SLAG1-070627 07-13848-LG26A Nickel 80 mg/kg J 8
LG26 SLAG2-070627 07-13849-LG26B Copper 13.8 mg/kg J 9
LG26 SLAG2-070627 07-13849-LG26B Nickel 16 mg/kg J 8
LG93 MW05-070628 07-14221-LG93J Arsenic 1.8 ug/l J 8
LG93 MW04-070628 07-14222-LG93K Arsenic 0.5 ug/l J 8
LG93 MW02-070629 07-14223-LG93L Arsenic 0.96 ug/l J 8
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QUALIFIED DATA SUMMARY TABLE
Irondale

SDG Sample ID Laboratory ID Analyte Result* Units Lab Qual DV Qual Reason Code
LG93 MW03-070629 07-14224-LG93M Arsenic 0.91 ug/l J 8
LG93 SW02-070629 07-14225-LG93N Arsenic 0.92 ug/l J 8
LG93 SW01-070629 07-14226-LG93O Arsenic 0.92 ug/l J 8
LG93 SW01DUP-070629 07-14227-LG93P Arsenic 0.93 ug/l J 8
LK98 SED17-070629-0-4 07-16639-LK98J Coarse Sand 13.8 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Fine Sand 21.8 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Gravel 25.6 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Medium Sand 8.2 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Total Fines 1.9 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Very Coarse Sand 26.6 % J 1
LK98 SED17-070629-0-4 07-16639-LK98J Very Fine Sand 2.1 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Coarse Sand 9.7 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Fine Sand 30.8 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Gravel 23.4 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Medium Sand 17.6 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Total Fines 1.4 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Very Coarse Sand 9.3 % J 1
LK98 SED09-070629-0-4 07-16640-LK98K Very Fine Sand 7.9 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Coarse Sand 5.5 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Fine Sand 27.9 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Gravel 30.8 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Medium Sand 8.2 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Total Fines 0.9 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Very Coarse Sand 16.2 % J 1
LK98 SED03-070629-0-4 07-16641-LK98L Very Fine Sand 10.4 % J 1
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INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the summary (Level III) data validation performed on soil, 
sediment, slag, and quality control (QC) sample data for the Washington Department of Ecology 
– Remedial Investigation Feasibility Study at Irondale, Washington.  A complete list of samples 
is provided in the Sample Index.  Analytical Resources, Inc., Tukwila, Washington performed all 
analyses.  The analytical methods and EcoChem project chemists are listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
Diesel and Residual Range Hydrocarbons NWTPH-Dx Mark Lybeer Mark Brindle 

Metals  SW7060A Patricia Lambrecht Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.  The QC criteria are summarized in Appendix A. 

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

Data qualifier definitions and Data Validation Criteria Tables are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 



SAMPLE INDEX
Irondale

NWTPHDx
SDG SAMPLE ID LAB ID Method
LN33 SED11-070628-4-24 07-18008-LN33A NWTPHD-Cleaned
LN33 SED17-070629-4-24 07-18009-LN33B NWTPHD-Cleaned
LN33 SED09-070629-4-24 07-18010-LN33C NWTPHD-Cleaned
LN33 SED03-070629-4-12 07-18011-LN33D NWTPHD-Cleaned
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of sediment, water, and 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 

LF60 9 Sediment, 2 Water & 1 Rinsate 
Blank 

Summary 

LF62 12 Sediment  Summary 

LF64 15 Sediment  Summary 

LF72 5 Sediment  Summary 

LF74 11 Sediment  Full 

LF88 5 Water  Summary 

LF91 1 Rinsate Blank  Summary 

LF98 3 Sediment  Summary 

LF99 12 Sediment  Summary 

I. DATA PACKAGE COMPLETENESS 
The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 
The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Receipt  Matrix Spike/Matrix Spike Duplicates (MS/MSD) 
 Initial Calibration (ICAL) 1 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 

2 Laboratory Blanks   Reporting Limits 
1 Field Blanks 1 Compound Identification (Full validation only) 
2 Surrogate Compounds 1 Calculation Verification (Full validation only) 
 Laboratory Control Samples (LCS/LCSD)   

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 
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Holding Times and Sample Receipt 
The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C. 

The QAPP-required holding time criterion for soil samples is 14 days from date of sampling to date 
of extraction.  The QAPP-required holding time criterion for extracts is 40 days from extraction to 
analysis.  All samples were extracted and analyzed within the holding time criteria. 

SDG LF74:  One of two sample coolers were received at the laboratory at a temperature less than 
the lower control limit, at 1.0 ºC.  The temperature outlier did not impact data quality, therefore no 
action was taken. 

Laboratory Blanks 
In order to assess the impact of laboratory blank contamination on the reported sample results, action 
levels at five times the blank concentrations are established.  If the concentrations in the associated 
field samples are less than the action levels, the results are qualified as not detected (U).  If the 
results are also less than the reporting limit, the results are elevated to the reporting limit. 

SDG LF60:  A positive value for diesel range organics (DRO) was reported in the laboratory blank 
extracted on 7/3/07.  Because of the potential blank contamination, the associated samples were re-
extracted and reanalyzed.  Although the method blank for the re-extraction was clean, the samples 
were re-extracted outside of the holding time period. 

The original results should be reported and the re-extracted results should not be used.  The diesel 
results in Samples DP02-070625-13 and DP01-070626-11 were qualified as not detected (U-7).  All 
results from the re-extracted batch were labeled do-not-report (DNR-11). 

Field Blanks 
SDG LF60:  One field blank, DP05-070626-Rinsate, was reported with this SDG.  No positive 
results were reported in this blank. 

SDG LF91:  One field blank, SedRinsate-070629, was reported with this SDG.  No positive results 
were reported in this blank. 

Surrogates 
SDG LF60:  The percent recovery (%R) value for o-terphenyl was less than the control limit in 
Sample DP06-070625-7.  The reporting limits for diesel and motor oil were estimated (UJ-13) to 
indicate a potential low bias.   

The surrogate o-terphenyl was diluted out in Sample DP02-070625-11 (40x).  No action was taken 
on this basis. 

Field Duplicates 
SDG LF88:  One set of field duplicates was submitted: MW02-070629 and MW03-07-0629.  There 
were positive results for both DRO and motor oil in Sample MW02-070629.  These analytes were 
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not detected in Sample MW03-070629.  The differences between the positive results and the 
reporting limits (RL) were greater than the RL; the results for both samples were estimated (J/UJ-9). 

Compound Identification 
All samples in these SDGs were sulfuric acid/silica gel “cleaned” prior to analysis to reduce the 
effects of biogenic interference in the samples.  Biogenic interference can elevate the motor oil 
chromatographic response, making the sample results to be biased high. 

Calculation Verification 
SDG LF74:  Several recalculations were performed on this SDG.  No calculation errors were found. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD), and  laboratory control sample/laboratory control sample duplicate (LCS/LCSD) %R 
values, with the exceptions noted above.  Precision was also acceptable as demonstrated by the  
LCS/LCSD, MS/MSD, and field duplicate relative percent difference values, with the exceptions 
previously noted. 

Data were estimated because of surrogate %R and field precision outliers.  Data were also qualified 
as not detected because of blank contamination. 

All data, as qualified, are acceptable for use. 



SAMPLE INDEX
Irondale

Metals 6010B

SDG SAMPLE ID LAB ID Method
LM02 DP03-070626-7 07-17261-LM02A SW7060A
LM02 DP01-070626-5 07-17262-LM02B SW7060A
LM02 TP21-070625-2 07-17263-LM02C SW7060A
LM02 TP02-070625-2 07-17264-LM02D SW7060A
LM02 TP08-070621-1.5 07-17265-LM02E SW7060A
LM02 TP08-070621-6 07-17266-LM02F SW7060A
LM02 TP22-070626-2 07-17267-LM02G SW7060A
LM02 TP03-070626-1 07-17268-LM02H SW7060A
LM02 TP12-070622-1.5 07-17269-LM02I SW7060A
LM02 SLAG1-070627 07-17270-LM02J SW7060A
LM02 SLAG2-070627 07-17271-LM02K SW7060A
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
Arsenic by Method SW7060A 

This report documents the review of analytical data from the analyses of soil and slag samples and the 
associated laboratory and field quality control (QC) samples.  Analytical Resources, Inc., Tukwila, 
Washington analyzed the samples. 

SDG Number of Samples Validation Level 
LM02 9 Soil, 2 Slag Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 
1 Holding Times  and Sample Preservation 2 Matrix Spikes  
 Initial Calibration   Laboratory Duplicates 
 Calibration Verification  2 GFAA Post Digestion Spike  
 CRDL Standards 1 Field Duplicates  
 Laboratory Blanks  Standard Addition Results 
1 Field Blanks 1 Reported Results 
 Laboratory Control Samples   Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2° to 6°C.  One of the coolers was received at the laboratory at a temperature 
less than the lower limit, at 1.0°C.  This temperature outlier did not impact data quality and no action 
was taken. 

Field Blanks 
There were no field blanks analyzed with these samples. 
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Matrix Spikes  
A matrix spike (MS) was analyzed at the proper frequency of one per 20 samples or one per batch; 
whichever was more frequent.  The percent recovery (%R) values for arsenic (34.6%) was less than 
the lower control limit of 75%.  All associated results were qualified as estimated (J/UJ - 8) to indicate 
a possible low bias. 

Field Duplicates 
There were no field duplicates analyzed with these samples. 

GFAA Post Digestion Spike 
The post digestion spike recoveries for Samples DP03-070626-7 (66.2%) and SLAG2-070627 (77%) 
were less than the lower control limit of 85%.  Arsenic was not detected in these samples.  Reporting 
limits were estimated (UJ-15) to indicate a potential low bias. 

Reported Results 
Several sample required dilution due to high sample concentrations or matrix interferences.  
Reporting limits were elevated accordingly.   

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory duplicate relative percent difference values indicated acceptable precision.  Accuracy was 
also acceptable, as demonstrated by the MS, laboratory control sample, and post digestion spike %R 
values, except as previously noted. 

Data were estimated based on MS and post digestion spike %R outliers.  

All data, as qualified, are acceptable for use. 



QUALIFIED DATA SUMMARY TABLE
Irondale

SDG Sample ID Laboratory ID Analyte Result* Units Lab Qual DV Qual Reason Code

LM02 DP03-070626-7 07-17261-LM02A Arsenic mg/kg U UJ 8,15

LM02 DP01-070626-5 07-17262-LM02B Arsenic 32 mg/kg J 8

LM02 TP21-070625-2 07-17263-LM02C Arsenic 7.9 mg/kg J 8

LM02 TP02-070625-2 07-17264-LM02D Arsenic 13 mg/kg J 8

LM02 TP08-070621-1.5 07-17265-LM02E Arsenic 14 mg/kg J 8

LM02 TP08-070621-6 07-17266-LM02F Arsenic 27 mg/kg J 8

LM02 TP22-070626-2 07-17267-LM02G Arsenic 64 mg/kg J 8

LM02 TP03-070626-1 07-17268-LM02H Arsenic 58 mg/kg J 8

LM02 TP12-070622-1.5 07-17269-LM02I Arsenic 6.5 mg/kg J 8

LM02 SLAG1-070627 07-17270-LM02J Arsenic 36 mg/kg J 8

LM02 SLAG2-070627 07-17271-LM02K Arsenic mg/kg U UJ 8,15
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INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the summary (Level III) data validation performed on 
sediment, groundwater, field blank, and quality control (QC) sample data for the Washington 
Department of Ecology – Remedial Investigation Feasibility Study at Irondale, Washington.  A 
complete list of samples is provided in the Sample Index.  Analytical Resources, Inc., Tukwila, 
Washington performed all analyses.  The analytical methods and EcoChem project chemists are 
listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
Semivolatile Organic Compounds (SVOC) EPA Method 8270D Jennifer Newkirk John Mitchell 

Polycyclic Aromatic Hydrocarbons (PAH) EPA Method 8270D-SIM Jennifer Newkirk/ 
Mark Lybeer 

John Mitchell 

Diesel and Residual Range Hydrocarbons NWTPH-Dx Mark Lybeer John Mitchell 

Metals  SW6010B, EPA 200.8, and 
SW7470A 

Jennifer Newkirk Christine Ransom 

Conventionals1   various Jennifer Newkirk Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.  The QC criteria are summarized in Appendix A. 

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

Data qualifier definitions and Data Validation Criteria Tables are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 
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Sample Index
SAIC

Irondale

SDG Sample ID Laboratory ID SVOC PAH PCB Fuels Metals Grain Size
Total 

Solids

Preserved 
Total 

Solids

Total 
Volatile 
Solids

N-
Ammonia Sulfide TOC

MB44 ID-50-SD 07-26515-MB44A            

MB44 ID-51-SD 07-26516-MB44B            

MB44 ID-52-SD 07-26517-MB44C            

MB44 ID-53-SD 07-26518-MB44D            

MB44 ID-54-SD 07-26519-MB44E            

MB44 ID-56-SD 07-26520-MB44F            

MB44 ID-57-SD 07-26521-MB44G            

MB44 ID-59-SD 07-26522-MB44H            

MB44 ID-59-D 07-26523-MB44I            

MB44 ID-59-T 07-26524-MB44J       

MB44 ID-58-SD 07-26525-MB44K            

MB44 ID-55-SD 07-26526-MB44L            

MB44 ID-04-SD 07-26527-MB44M            

MB44 ID-00-RB 07-26528-MB44N     

MB44 ID-00-ER 07-26529-MB44O     

MC25 MW2-071212 07-27013-MC25A   

MC25 MW3-071212 07-27014-MC25B   

MC25 MW4-071212 07-27015-MC25C   

MC25 MW5-071212 07-27016-MC25D   

MC25 RINSATE-071211 07-27017-MC25E   

MC25 MW2-071212 07-27018-MC25F 

MC25 MW3-071212 07-27019-MC25G 

MC25 MW4-071212 07-27020-MC25H 

MC25 MW5-071212 07-27021-MC25I 

MC71 SED18-071210-5 07-27288-MC71B 

MC71 SED18-071210-7.5 07-27289-MC71C 

MC71 SED18-071210-10 07-27290-MC71D 

MC71 SED18-071210-12.5 07-27291-MC71E 

MC71 SED20-071210-1.5 07-27292-MC71F 

MC71 SED20-071210-3.5 07-27293-MC71G 
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Sample Index
SAIC

Irondale

SDG Sample ID Laboratory ID SVOC PAH PCB Fuels Metals Grain Size
Total 

Solids

Preserved 
Total 

Solids

Total 
Volatile 
Solids

N-
Ammonia Sulfide TOC

MC71 SED20-071210-5 07-27294-MC71H 

MC71 SED20-071210-6.5 07-27295-MC71I 

MC71 SED21-071210-2.5 07-27296-MC71J 

MC71 SED21-071210-5 07-27297-MC71K 

MC71 SED23-071210-2.5 07-27302-MC71P 

MC71 GEISS1-071213-.25 07-27305-MC71S 

MC71 GEISS1-071213-1.5 07-27306-MC71T 

MC71 GEISS2-071213-1.5 07-27307-MC71U 

MC71 GEISS3-071213-1 07-27308-MC71V 

MC71 TP32-071210-1.5 07-27309-MC71W 

MC71 TP32-071210-5 07-27310-MC71X 

MC71 TP33-071211-2 07-27313-MC71AA 

MC71 TP34-071210-1.5 07-27315-MC71AC 

MC71 TP34-071210-5 07-27316-MC71AD 

MC71 TP32-071210-7.5 07-27311-MC71Y 

MC71 TP35-071210-1.5 07-27320-MC71AH 

MC71 TP35-071210-5 07-27321-MC71AI 

MC71 TP35-071210-7.5 07-27322-MC71AJ 

MC71 TP36A-071211-9.5 07-27328-MC71AP 

MC71 TP37-071212-1.5 07-27330-MC71AR 

MC72 TP37-071212-5.5 07-27332-MC72A 

MC72 TP38-071212-1 07-27333-MC72B 

MC72 TP38-071212-5 07-27334-MC72C 

MC72 TP39-071212-1 07-27335-MC72D 

MC72 TP39-071212-5 07-27336-MC72E 

MC72 TP40-071212-.5 07-27337-MC72F 

MC72 UBSS1-071212-.5 07-27338-MC72G 

MC72 TP40-071212-5 07-27339-MC72H 

MC72 TP41-071213-1 07-27340-MC72I 

MC72 TP41-071213-3 07-27341-MC72J 
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Sample Index
SAIC

Irondale

SDG Sample ID Laboratory ID SVOC PAH PCB Fuels Metals Grain Size
Total 

Solids

Preserved 
Total 

Solids

Total 
Volatile 
Solids

N-
Ammonia Sulfide TOC

MC72 TP42-071212-2 07-27342-MC72K 

MC72 TP42-071212-5 07-27343-MC72L 

MC72 UBSS2-071212-.5 07-27345-MC72N 

MC72 TP43-071211-2 07-27346-MC72O 

MC72 TP43-071211-5.5 07-27347-MC72P 

MC72 TP43-071211-10 07-27348-MC72Q 

MC76 UBS1-071212-.5 07-27350-MC76A 

MC76 TP41-071213-1W 07-27351-MC76B 

MC76 UBS2-071212-.5 07-27352-MC76C 

ME43 SED18-071210-5 08-284-ME43A  

ME43 SED20-071210-1.5 08-285-ME43B  

ME43 SED21-071210-5 08-286-ME43C  

MF81 SED18-071210-5 08-1055-MF81A  

MF81 SED20-071210-1.5 08-1056-MF81B  

MF81 SED21-071210-5 08-1057-MF81C  
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
SVOC by EPA Method 8270D 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
ME43 3 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

2 Holding Times and Sample Preservation  Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check  Laboratory Control Sample (LCS) 
 Initial Calibration (ICAL)  Internal Standards 
2 Continuing Calibration (CCAL)  Target Analyte List 
 Laboratory Blanks   Reporting Limits 
 Field Blanks  Compound Identification (Full validation only) 
1 Surrogate Compounds  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  The majority of the coolers were received at the laboratory at 
temperatures outside of these limits, with temperatures ranging from 1.8 to 3.8C.  These 
temperature outliers did not impact data quality and no action was taken. 
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The analytical holding time of 14 days had expired (by three days) prior to the laboratory archiving 
the samples at -20° C.  All associated results and reporting limits were qualified as estimated 
(J/UJ-1). 

Continuing Calibration 

The RRF values were greater than the 0.05 minimum control limit for the continuing calibrations 
(CCALs). 

The CCAL percent difference (%D) values were within the 25% control limits, with the following 
exception:   

The %D value for benzoic acid in the CCAL analyzed 1/17/08 15:11 was outside the control limit.  
This analyte was not detected in the associated samples; reporting limits were qualified as estimated 
(UJ-5B). 

Surrogate Compounds 

The percent recovery (%R) value for 2,4,6-tribromophenol was greater than the upper control limit 
for Sample SED18-071210-5.  No qualifiers were applied for this single outlier. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, laboratory control sample, and matrix 
spike/matrix spike duplicate (MS/MSD) percent recovery values, with the exception noted above.  
Precision was also acceptable as demonstrated by the MS/MSD relative percent difference values. 

Data were qualified based on exceeded holding times and a continuing calibration %D outlier. 

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Polycyclic Aromatic Hydrocarbons by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of 4 water samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. 

SDG Number of Samples Validation Level 
MC25 4 Water & 1 Field Blank Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

1 Holding Times and Sample Preservation 1 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check  Laboratory Control Sample/Laboratory Control Sample 
Duplicates (LCS/LCSD) 

 Initial Calibration (ICAL)  Internal Standards 
 Continuing Calibration (CCAL)  Target Analyte List 
2 Laboratory Blanks   Reporting Limits (MDL and MRL) 
1 Field Blanks  Reported Results 
 Surrogate Compounds   

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  The majority of the coolers were received at the laboratory at 
temperatures outside of these limits.  These temperature outliers did not impact data quality and no 
action was taken. 
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Laboratory Blanks 

To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times the concentration reported in the blank.  If a contaminant is reported in an 
associated field sample and the concentration is less than the action level, the result is qualified as 
not detected (U-7).  If the result is also less than the reporting limit, then the result is elevated to the 
reporting limit.  No action is taken if the sample result is greater than the action level, or for 
non-detected results. 

Method blanks were analyzed at the appropriate frequency.  A summary of contaminant levels, 
associated samples, and action levels is provided in the data validation worksheets.  Various target 
analytes were detected in the method blanks.  However, only the following analytes were qualified as 
not detected in one or more samples in the associated laboratory data sets. 

SDG MC25:  naphthalene (5 results), fluoranthene (1 result) 

Field Blanks 

Laboratory method blanks are used to evaluate all associated field blanks.  Any remaining positive 
results in the trip blank are then used to evaluate all associated samples, including equipment blanks.  
Any remaining positive results in the equipment blank are used to evaluate the associated samples. 

One rinsate blank, RINSATE-071211, was included in this data package.  After qualifiers were 
applied for laboratory blank contamination, no positive results for any target analytes remained in 
this blank. 

Matrix Spike/Matrix Spike Duplicates 

No matrix spike/matrix spike duplicate (MS/MSD) analyses were performed.  Accuracy and precision 
were assessed using the laboratory control sample and laboratory control sample duplicate 
(LCS/LCSD). 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate and LCS/LCSD percent recovery values.  
Precision was also acceptable as demonstrated by the LCS/LCSD relative percent difference values. 

Data were qualified as not detected because of method blank contamination. 

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RIFS 
SVOC by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the individual samples. 

SDG Number of Samples Validation Level 
ME43 3 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 

2 Holding Times & Sample Preservation 2 Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 

 GC/MS Instrument Performance Check  Laboratory Control Sample/Laboratory Control Sample Duplicate 
(LCS/LCSD) 

 Initial Calibration (ICAL)  Internal Standards 
 Continuing Calibration (CCAL)  Target Analyte List 
 Laboratory Blanks  1 Reporting Limits 
 Field Blanks  Compound Identification (Full validation only) 
1 Surrogate Compounds  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  The majority of the coolers were received at the laboratory at 
temperatures outside of these limits, with temperatures ranging from 1.8 to 3.8C.  These 
temperature outliers did not impact data quality and no action was taken. 
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The analytical holding time of 14 days had expired (by three days) prior to the laboratory archiving 
the samples at -20° C.  All associated results and reporting limits were qualified as estimated 
(J/UJ-1). 

Surrogate Compounds 

The %R value for 2-flurophenol was less than the lower control limit for Sample SED18-071210-5.  
No qualifiers were applied for this single outlier. 

Matrix Spike/Matrix Spike Duplicates 

The matrix spike/matrix spike duplicate (MS/MSD) analyses were performed using Sample 
SED20-071210-1.5.  The percent recovery (%R) values for 2,4-dimethylphenol were much less than 
the lower control limit, at 4.0% and 4.1%.  The result for this analyte was qualified as estimated (J-
8) in the parent sample to indicate a potential low bias. 

Reporting Limits 

Reporting limits were elevated due to smaller than normal sample volumes used for extraction and 
required dilutions.  Screening showed that samples contained high levels of oil which causes matrix 
interference. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, laboratory control sample/laboratory 
control sample duplicate (LCS/LCSD), and MS/MSD %R values, with the exceptions noted above.  
Precision was also acceptable as demonstrated by the LCS/LCSD and MS/MSD RPD values. 

Data were estimated based on exceeded holding times and MS/MSD %R outliers. 

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of sediment samples, water 
samples, and the associated laboratory and field quality control (QC) samples.  Samples were analyzed 
by Analytical Resources, Inc., Tukwila, Washington.  Refer to the Sample Index for a list of the 
individual samples. 

SDG Number of Samples Validation Level 

MC25 4 Water & 1 Rinsate Blank Summary 

MC71 16 Sediment Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 
1 Holding Times and Sample Receipt  Laboratory Control Samples (LCS/LCSD) 
 Initial Calibration (ICAL) 1 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 
 Blanks (Method)  Reporting Limits (MDL and MRL) 

1 Blanks (Field) 1 Compound Identification 
 Surrogate Compounds  Calculation Verification (Full validation only) 

1 Matrix Spike/Matrix Spike Duplicates (MS/MSD)  Hardcopy to EDD Verification 
___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  One of the coolers was received at the laboratory at 1.8C, outside 
of these limits.  This temperature outlier did not impact data quality and no action was taken. 
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Blanks (Field) 

Laboratory method blanks are used to evaluate all associated field blanks.  Any remaining positive 
results in the trip blank are then used to evaluate all associated samples, including equipment blanks.  
Any remaining positive results in the equipment blank are used to evaluate the associated samples. 

SDG MC25:  One rinsate blank, RINSATE-071211, was included in this data package.  There were 
no positive results detected in this blank.  No qualifiers were required. 

Matrix Spike/Matrix Spike Duplicates 

SDG MC25:  No matrix spike/matrix spike duplicate (MS/MSD) analysis was performed.  Accuracy 
and precision were assessed using the laboratory control sample and laboratory control sample 
duplicate (LCS/LCSD). 

SDG MC71:  No MS/MSD percent recovery (%R) values were reported as the diesel concentration 
in the parent sample, SED18-071210-5, was significantly higher than the spiked concentration.  The 
relative percent difference (RPD) value was within the acceptance limit for precision. 

Field Duplicates 

No field duplicates were submitted. 

Compound Identification 

All samples were sulfuric acid/silica gel “cleaned” prior to analysis to reduce the effects of biogenic 
interference in the samples.   

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, MS/MSD, and LCS/LCSD %R values.  
Precision was also acceptable as demonstrated by the MS/MSD and LCS/LCSD RPD values. 

No data were qualified for any reason. 

All data, as reported, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Metals by Methods SW6010B, EPA 200.8, SW 7060A 

This report documents the review of analytical data from the analyses of water, sediment, and tissue 
samples and the associated laboratory and field quality control (QC) samples.  Samples were analyzed 
by Analytical Resources, Inc., Tukwila, Washington. 

SDG Number of Samples Validation Level 
MC25 4 Water & 1 Field Blank Summary 

MC71 10 Sediment Summary 
MC72 16 Sediment Summary 

MC76 3 Tissue Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative.  

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 

1 Holding Times  and Sample Preservation 1 Laboratory Duplicates 
 Initial Calibration   ICP Interference Check Samples 
1 Calibration Verification   Field Duplicates 
1 CRDL Standards  Serial Dilutions 
 Laboratory Blanks  ICPMS Internal Standards 
 Field Blanks  GFAA Post Digestion Spikes 
 Laboratory Control Samples (LCS) 1 Reported Results 
2 Matrix Spikes (MS)  Calculation Verification (Full validation only) 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

SDGs MC25, MC71 & MC72:  The validation guidance documents state that the cooler temperatures 
should be within an advisory temperature range of 2 to 6C.  The majority of the coolers were 
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received at the laboratory at temperatures outside of these limits, with temperatures ranging from 
1.8 to 3.8C.  These temperature outliers did not impact data quality and no action was taken. 

Calibration Verification 

SDG MC71:  The recovery for arsenic was greater than the upper control limit of 110% for the 
calibration verification (CCV) sample analyzed on 1/3/2008 at 13:17.  The associated samples were 
re-analyzed and no action was necessary.   

CRDL Standards 

Contract required detection limit (CRDL) standards were analyzed at the beginning of each 
analytical sequence.  For recovery values greater than upper control limit of 130%, positive results less 
than two times the CRDL were estimated (J-14) to indicate a potential high bias.  For recovery values 
less than the lower control limit of 70%, positive results less than twice the CRDL and non-detects 
were estimated (J/UJ-14) to indicate a potential low bias.  The following outliers were noted: 

SDG MC25:  iron (64%) – Two CRDL standards were analyzed, the initial standard was in control 
but the second analysis yielded a recovery below the control limit.  As the samples were analyzed 
closer to the second CRDL standard, results were estimated (J/UJ-14) to indicate a potential low 
bias. 

SDGs MC71 & MC72:  zinc (63%) – Associated results were greater than the action level and no 
qualification of data was required. 

SDG MC76:  arsenic (136%) – Associated positive results were greater than the action level and no 
qualification of data was required. 

Laboratory Blanks 

SDG MC76:  Zinc was detected in the method blank at a level greater than the method detection 
limits (MDL).  To evaluate the effect on the sample data, an action level of five times the blank 
concentration was established.  All associated results were greater than the action level; no 
qualification of data was required. 

Field Blanks 

SDG MC25:  One field blank, RINSATE-071211, was submitted with this SDG.  Iron was detected 
in this blank at a level greater than the MDL.  In order to establish the effect on the field samples, an 
action level of five times the blank concentration was established.  All associated positive sample 
results were less than the action level and were qualified as not detected (U-6). 
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Matrix Spikes (MS) 

Matrix spike samples (MS) were analyzed at the proper frequency of one per 20 samples or one per 
batch; whichever was more frequent.  The percent recovery (%R) values were within the control 
limits of 75%-125% with the exceptions noted below.  For %R values greater than 125%, the 
associated positive results were estimated (J) to indicate a possible high bias.  No action was taken for 
non-detects.  For %R values less than 75%, the associated positive results and detection limits were 
qualified as estimated (J/UJ) to indicate a possible low bias. 

SDG MC71:  The MS %R value for copper (35%) was less than the lower control limit of 75%.  All 
associated results were estimated (J-8) to indicate a potential low bias. 

SDG MC76:  There was insufficient sample mass available to analyze a matrix spike for the tissue 
samples.  Method accuracy was evaluated using the laboratory control sample recoveries. 

Laboratory Duplicates 

SDG MC76:  There was insufficient sample mass available to analyze a laboratory duplicate for the 
tissue samples.  Laboratory precision could not be assessed. 

Reported Results 

SDG MC25:  Sample MW3-071212 required additional dilutions due to matrix effects.  The 
reporting limits for total and dissolved metals were elevated accordingly. 

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory duplicate relative percent difference values indicated acceptable precision.  Accuracy was 
also acceptable, as demonstrated by the MS and laboratory control sample %R values, except as 
previously noted. 

Detection limits were elevated based on field blank contamination.  Data were estimated based on 
CRDL and MS recovery outliers.  

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Conventional Parameter Analyses 

This report documents the review of analytical data from the analyses of sediment samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. 

SDG Number of Samples Validation Level 
MC71 10 Sediment Summary 
MF81 3 Sediment Summary 

The analytical tests that were performed are summarized below: 

Parameter Method  
Total Solids (TS) 160.3 

Total Organic Carbon (TOC) Plumb 1981 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

III. TECHNICAL DATA VALIDATION 

The QC requirements for review are listed below. 
1 Holding Times and Sample Preservation  Laboratory Control Samples (LCS) 
 Initial Calibration   Matrix Spikes (MS) 
 Calibration Verification   Laboratory Replicates 
 Laboratory Blanks  Field Duplicates 

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  One sample cooler was receive at a temperature of 1.8C.  This 
temperature outlier did not impact data quality and no action was taken. 
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IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory replicate relative percent difference values and percent relative standard deviation  values 
indicated acceptable precision.  Accuracy was also acceptable, as demonstrated by the matrix spike 
and laboratory control sample recoveries. 

No data were qualified for any reason.  All data, as reported, are acceptable for use. 



Qualified Data Summary Table
SAIC

Irondale

SDG Sample ID Laboratory ID Method Analyte Value Unit
Lab 

Quailifier
Validator 
Qualifier

Validator 
Reason 
Code

MB44 ID-50-SD 07-26515-MB44A ASTM D422 Percent retained 32 micron 8.3 Percent J 9

MB44 ID-51-SD 07-26516-MB44B ASTM D422 Percent retained 32 micron 6.0 Percent J 9

MB44 ID-52-SD 07-26517-MB44C ASTM D422 Percent retained 32 micron 6.1 Percent J 9

MB44 ID-53-SD 07-26518-MB44D ASTM D422 Percent retained 32 micron 5.9 Percent J 9

MB44 ID-54-SD 07-26519-MB44E ASTM D422 Percent retained 32 micron 2.3 Percent J 9

MB44 ID-56-SD 07-26520-MB44F ASTM D422 Percent retained 32 micron 2.7 Percent J 9

MB44 ID-57-SD 07-26521-MB44G ASTM D422 Percent retained 32 micron 5.1 Percent J 9

MB44 ID-59-SD 07-26522-MB44H ASTM D422 Percent retained 32 micron 34.2 Percent J 9

MB44 ID-59-D 07-26523-MB44I ASTM D422 Percent retained 32 micron 12.0 Percent J 9

MB44 ID-59-T 07-26524-MB44J ASTM D422 Percent retained 32 micron 10.8 Percent J 9

MB44 ID-58-SD 07-26525-MB44K ASTM D422 Percent retained 32 micron 1.1 Percent J 9

MB44 ID-55-SD 07-26526-MB44L ASTM D422 Percent retained 32 micron 5.1 Percent J 9

MB44 ID-04-SD 07-26527-MB44M ASTM D422 Percent retained 32 micron 0.4 Percent J 9

MB44 ID-50-SD 07-26515-MB44A E160.3 Total Solids 67.00 Percent J 1

MB44 ID-51-SD 07-26516-MB44B E160.3 Total Solids 72.90 Percent J 1

MB44 ID-52-SD 07-26517-MB44C E160.3 Total Solids 70.90 Percent J 1

MB44 ID-53-SD 07-26518-MB44D E160.3 Total Solids 58.40 Percent J 1

MB44 ID-54-SD 07-26519-MB44E E160.3 Total Solids 68.80 Percent J 1

MB44 ID-56-SD 07-26520-MB44F E160.3 Total Solids 58.00 Percent J 1

MB44 ID-57-SD 07-26521-MB44G E160.3 Total Solids 64.00 Percent J 1

MB44 ID-50-SD 07-26515-MB44A E160.4 Total Volatile Solids 2.32 Percent J 1

MB44 ID-51-SD 07-26516-MB44B E160.4 Total Volatile Solids 2.34 Percent J 1

MB44 ID-52-SD 07-26517-MB44C E160.4 Total Volatile Solids 1.66 Percent J 1

MB44 ID-53-SD 07-26518-MB44D E160.4 Total Volatile Solids 2.93 Percent J 1

MB44 ID-54-SD 07-26519-MB44E E160.4 Total Volatile Solids 1.37 Percent J 1

MB44 ID-56-SD 07-26520-MB44F E160.4 Total Volatile Solids 3.27 Percent J 1

MB44 ID-57-SD 07-26521-MB44G E160.4 Total Volatile Solids 2.28 Percent J 1

MB44 ID-50-SD 07-26515-MB44A E350.1M N-Ammonia 10.9 mg-N/kg J 1

MB44 ID-51-SD 07-26516-MB44B E350.1M N-Ammonia 19.0 mg-N/kg J 1

MB44 ID-52-SD 07-26517-MB44C E350.1M N-Ammonia 12.6 mg-N/kg J 1

MB44 ID-53-SD 07-26518-MB44D E350.1M N-Ammonia 30.0 mg-N/kg J 1

MB44 ID-54-SD 07-26519-MB44E E350.1M N-Ammonia 12.8 mg-N/kg J 1

MB44 ID-56-SD 07-26520-MB44F E350.1M N-Ammonia 12.1 mg-N/kg J 1

MB44 ID-57-SD 07-26521-MB44G E350.1M N-Ammonia 7.62 mg-N/kg J 1

MB44 ID-50-SD 07-26515-MB44A E376.2 Sulfide 126 mg/kg J 1,8

MB44 ID-51-SD 07-26516-MB44B E376.2 Sulfide 371 mg/kg J 1,8

MB44 ID-52-SD 07-26517-MB44C E376.2 Sulfide 690 mg/kg J 1,8

MB44 ID-53-SD 07-26518-MB44D E376.2 Sulfide 73.7 mg/kg J 1,8

MB44 ID-54-SD 07-26519-MB44E E376.2 Sulfide 1130 mg/kg J 1,8

MB44 ID-56-SD 07-26520-MB44F E376.2 Sulfide 290 mg/kg J 1,8

MB44 ID-57-SD 07-26521-MB44G E376.2 Sulfide 201 mg/kg J 1,8

MB44 ID-59-SD 07-26522-MB44H E376.2 Sulfide 110 mg/kg J 8
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Qualified Data Summary Table
SAIC

Irondale

SDG Sample ID Laboratory ID Method Analyte Value Unit
Lab 

Quailifier
Validator 
Qualifier

Validator 
Reason 
Code

MB44 ID-59-D 07-26523-MB44I E376.2 Sulfide 54.1 mg/kg J 8

MB44 ID-59-T 07-26524-MB44J E376.2 Sulfide 139 mg/kg J 8

MB44 ID-58-SD 07-26525-MB44K E376.2 Sulfide 131 mg/kg J 8

MB44 ID-55-SD 07-26526-MB44L E376.2 Sulfide 148 mg/kg J 8

MB44 ID-04-SD 07-26527-MB44M E376.2 Sulfide 707 mg/kg J 8

MB44 ID-50-SD 07-26515-MB44A Plumb,1981 Total Organic Carbon 1.51 Percent J 8

MB44 ID-51-SD 07-26516-MB44B Plumb,1981 Total Organic Carbon 1.18 Percent J 8

MB44 ID-52-SD 07-26517-MB44C Plumb,1981 Total Organic Carbon 0.564 Percent J 8

MB44 ID-53-SD 07-26518-MB44D Plumb,1981 Total Organic Carbon 1.63 Percent J 8

MB44 ID-54-SD 07-26519-MB44E Plumb,1981 Total Organic Carbon 1.06 Percent J 8

MB44 ID-56-SD 07-26520-MB44F Plumb,1981 Total Organic Carbon 2.15 Percent J 8

MB44 ID-57-SD 07-26521-MB44G Plumb,1981 Total Organic Carbon 1.13 Percent J 8

MB44 ID-59-SD 07-26522-MB44H Plumb,1981 Total Organic Carbon 0.736 Percent J 8

MB44 ID-59-D 07-26523-MB44I Plumb,1981 Total Organic Carbon 1.29 Percent J 8

MB44 ID-59-T 07-26524-MB44J Plumb,1981 Total Organic Carbon 0.909 Percent J 8

MB44 ID-58-SD 07-26525-MB44K Plumb,1981 Total Organic Carbon 1.18 Percent J 8

MB44 ID-55-SD 07-26526-MB44L Plumb,1981 Total Organic Carbon 0.379 Percent J 8

MB44 ID-04-SD 07-26527-MB44M Plumb,1981 Total Organic Carbon 0.388 Percent J 8

MB44 ID-50-SD 07-26515-MB44A SW6010B Chromium 16.0 mg/kg J 8

MB44 ID-50-SD 07-26515-MB44A SW6010B Zinc 30 mg/kg J 8

MB44 ID-51-SD 07-26516-MB44B SW6010B Chromium 14.7 mg/kg J 8

MB44 ID-51-SD 07-26516-MB44B SW6010B Zinc 29 mg/kg J 8

MB44 ID-52-SD 07-26517-MB44C SW6010B Chromium 17.6 mg/kg J 8

MB44 ID-52-SD 07-26517-MB44C SW6010B Zinc 35 mg/kg J 8

MB44 ID-53-SD 07-26518-MB44D SW6010B Chromium 15.1 mg/kg J 8

MB44 ID-53-SD 07-26518-MB44D SW6010B Zinc 28 mg/kg J 8

MB44 ID-54-SD 07-26519-MB44E SW6010B Chromium 8.4 mg/kg J 8

MB44 ID-54-SD 07-26519-MB44E SW6010B Zinc 16 mg/kg J 8

MB44 ID-56-SD 07-26520-MB44F SW6010B Chromium 16.9 mg/kg J 8

MB44 ID-56-SD 07-26520-MB44F SW6010B Zinc 36 mg/kg J 8

MB44 ID-57-SD 07-26521-MB44G SW6010B Chromium 9.6 mg/kg J 8

MB44 ID-57-SD 07-26521-MB44G SW6010B Zinc 19 mg/kg J 8

MB44 ID-59-SD 07-26522-MB44H SW6010B Chromium 22.1 mg/kg J 8

MB44 ID-59-SD 07-26522-MB44H SW6010B Zinc 39 mg/kg J 8

MB44 ID-59-D 07-26523-MB44I SW6010B Chromium 23.7 mg/kg J 8

MB44 ID-59-D 07-26523-MB44I SW6010B Zinc 36 mg/kg J 8

MB44 ID-58-SD 07-26525-MB44K SW6010B Chromium 11.8 mg/kg J 8

MB44 ID-58-SD 07-26525-MB44K SW6010B Zinc 21 mg/kg J 8

MB44 ID-55-SD 07-26526-MB44L SW6010B Chromium 10.6 mg/kg J 8

MB44 ID-55-SD 07-26526-MB44L SW6010B Zinc 18 mg/kg J 8

MB44 ID-04-SD 07-26527-MB44M SW6010B Chromium 18.5 mg/kg J 8

MB44 ID-04-SD 07-26527-MB44M SW6010B Zinc 68 mg/kg J 8
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MC25 MW2-071212 07-27013-MC25A LVI SW8270D SIM Fluoranthene 0.014 ug/L B U 7

MC25 MW2-071212 07-27013-MC25A LVI SW8270D SIM Naphthalene 0.011 ug/L B U 7

MC25 MW3-071212 07-27014-MC25B LVI SW8270D SIM Naphthalene 0.013 ug/L B U 7

MC25 MW4-071212 07-27015-MC25C LVI SW8270D SIM Naphthalene 0.012 ug/L B U 7

MC25 MW5-071212 07-27016-MC25D LVI SW8270D SIM Naphthalene 0.012 ug/L B U 7

MC25 RINSATE-071211 07-27017-MC25E LVI SW8270D SIM Naphthalene 0.023 ug/L B U 7

MC25 MW2-071212 07-27013-MC25A SW6010B Iron 230 ug/l U 6

MC25 MW3-071212 07-27014-MC25B SW6010B Iron ug/l U UJ 14

MC25 MW4-071212 07-27015-MC25C SW6010B Iron 120 ug/l UJ 6,14

MC25 MW5-071212 07-27016-MC25D SW6010B Iron 90 ug/l UJ 6,14

MC25 RINSATE-071211 07-27017-MC25E SW6010B Iron 150 ug/l J 14

MC25 MW2-071212 07-27018-MC25F SW6010B Iron ug/l U UJ 14

MC25 MW3-071212 07-27019-MC25G SW6010B Iron ug/l U UJ 14

MC25 MW4-071212 07-27020-MC25H SW6010B Iron 70 ug/l UJ 6,14

MC25 MW5-071212 07-27021-MC25I SW6010B Iron ug/l U UJ 14

MC71 GEISS1-071213-.25 07-27305-MC71S SW6010B Copper 205 mg/kg J 8

MC71 GEISS1-071213-1.5 07-27306-MC71T SW6010B Copper 103 mg/kg J 8

MC71 GEISS2-071213-1.5 07-27307-MC71U SW6010B Copper 42 mg/kg J 8

MC71 GEISS3-071213-1 07-27308-MC71V SW6010B Copper 46 mg/kg J 8

MC71 TP32-071210-1.5 07-27309-MC71W SW6010B Copper 5810 mg/kg J 8

MC71 TP32-071210-5 07-27310-MC71X SW6010B Copper 122 mg/kg J 8

MC71 TP33-071211-2 07-27313-MC71AA SW6010B Copper 321 mg/kg J 8

MC71 TP34-071210-1.5 07-27315-MC71AC SW6010B Copper 43 mg/kg J 8

MC71 TP34-071210-5 07-27316-MC71AD SW6010B Copper 144 mg/kg J 8

MC71 TP37-071212-1.5 07-27330-MC71AR SW6010B Copper 8.7 mg/kg J 8

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzyl Alcohol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 2,4-Dimethylphenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 4-Methylphenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Phenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D bis(2-Ethylhexyl)phthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Di-n-Octyl phthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Hexachlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Anthracene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Pyrene 770 ug/kg J 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Dimethylphthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Dibenzofuran ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzo(g,h,i)perylene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Indeno(1,2,3-cd)pyrene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzo(b)fluoranthene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Fluoranthene 280 ug/kg J 1
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ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzo(k)fluoranthene 130 ug/kg J 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Acenaphthylene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Chrysene 800 ug/kg J 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzo(a)pyrene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 1,3-Dichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzo(a)anthracene 310 ug/kg J 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Benzoic Acid ug/kg U UJ 1,5B

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Acenaphthene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Diethylphthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Di-n-Butylphthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Phenanthrene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Butylbenzylphthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D N-Nitrosodiphenylamine ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Fluorene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Hexachlorobutadiene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Pentachlorophenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 1-Methylnaphthalene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D Naphthalene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 2-Methylnaphthalene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 2-Methylphenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A PSDDA SW8270D 1,2-Dichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzyl Alcohol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 2,4-Dimethylphenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 4-Methylphenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Phenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D bis(2-Ethylhexyl)phthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Di-n-Octyl phthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Hexachlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Anthracene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Pyrene 260 ug/kg J 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Dimethylphthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Dibenzofuran ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzo(g,h,i)perylene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Indeno(1,2,3-cd)pyrene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzo(b)fluoranthene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Fluoranthene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzo(k)fluoranthene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Acenaphthylene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Chrysene 200 ug/kg J 1
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ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzo(a)pyrene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 1,3-Dichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzo(a)anthracene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Benzoic Acid ug/kg U UJ 1,5B

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Acenaphthene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Diethylphthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Di-n-Butylphthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Phenanthrene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Butylbenzylphthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D N-Nitrosodiphenylamine ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Fluorene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Hexachlorobutadiene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Pentachlorophenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 1-Methylnaphthalene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D Naphthalene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 2-Methylnaphthalene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 2-Methylphenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B PSDDA SW8270D 1,2-Dichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzyl Alcohol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 2,4-Dimethylphenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 4-Methylphenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Phenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D bis(2-Ethylhexyl)phthalate 25 ug/kg J 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Di-n-Octyl phthalate ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Hexachlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Anthracene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Pyrene 40 ug/kg J 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Dimethylphthalate ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Dibenzofuran ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzo(g,h,i)perylene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Indeno(1,2,3-cd)pyrene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzo(b)fluoranthene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Fluoranthene 36 ug/kg J 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzo(k)fluoranthene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Acenaphthylene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Chrysene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzo(a)pyrene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 1,3-Dichlorobenzene ug/kg U UJ 1
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ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzo(a)anthracene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Benzoic Acid ug/kg U UJ 1,5B

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Acenaphthene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Diethylphthalate 41 ug/kg J 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Di-n-Butylphthalate ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Phenanthrene 24 ug/kg J 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Butylbenzylphthalate ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D N-Nitrosodiphenylamine ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Fluorene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Hexachlorobutadiene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Pentachlorophenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 1-Methylnaphthalene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D Naphthalene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 2-Methylnaphthalene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 2-Methylphenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C PSDDA SW8270D 1,2-Dichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Benzyl Alcohol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM 2,4-Dimethylphenol 140 ug/kg J 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Hexachlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Butylbenzylphthalate ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM N-Nitrosodiphenylamine ug/kg Y UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Hexachlorobutadiene ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM Pentachlorophenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM 2-Methylphenol ug/kg U UJ 1

ME43 SED18-071210-5 08-284-ME43A SW8270D SIM 1,2-Dichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Benzyl Alcohol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM 2,4-Dimethylphenol 88 ug/kg J 1,8

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Hexachlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Butylbenzylphthalate ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM N-Nitrosodiphenylamine ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Hexachlorobutadiene ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM Pentachlorophenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM 2-Methylphenol ug/kg U UJ 1

ME43 SED20-071210-1.5 08-285-ME43B SW8270D SIM 1,2-Dichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Benzyl Alcohol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM 2,4-Dimethylphenol 6.2 ug/kg J 1
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ME43 SED21-071210-5 08-286-ME43C SW8270D SIM 1,4-Dichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Hexachlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM 1,2,4-Trichlorobenzene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Dibenz(a,h)anthracene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Butylbenzylphthalate ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM N-Nitrosodiphenylamine ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Hexachlorobutadiene ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM Pentachlorophenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM 2-Methylphenol ug/kg U UJ 1

ME43 SED21-071210-5 08-286-ME43C SW8270D SIM 1,2-Dichlorobenzene ug/kg U UJ 1

 4/15/2008
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INTRODUCTION 

Basis for the Data Validation 

This report summarizes the results of the summary (Level III) data validation performed on 
groundwater and quality control (QC) sample data for the Washington Department of Ecology – 
Remedial Investigation Feasibility Study at Irondale, Washington.  A complete list of samples is 
provided in the Sample Index.  Analytical Resources, Inc., Tukwila, Washington performed all 
analyses.  The analytical methods and EcoChem project chemists are listed below. 

Analysis Method of Analysis Primary Review Secondary Review 
SVOC-SIM SW8270D-SIM Jennifer Newkirk Eric Strout 

Diesel and Residual Range Hydrocarbons NWTPH-Dx Linda Holz Eric Strout 
Metals  SW6010B & EPA 200.8 Linda Holz Christine Ransom 

The data validation is based on QC criteria documented in the above listed methods, the Quality 
Assurance Project Plan (QAPP) - Investigation/Feasibility Study, Irondale, Washington (2007); 
and USEPA National Functional Guidelines for Organic (1999) and Inorganic (2004) Data 
Review.   

EcoChem’s goal in assigning data validation qualifiers is to assist in proper data interpretation.  
If values are estimated (assigned a J), data may be used for site evaluation purposes but reasons 
for data qualification should be taken into consideration when interpreting sample 
concentrations.  Values with no data qualifier meet all data quality goals as outlined in the EPA 
Functional Guidelines. 

Data qualifier definitions, reason codes, and validation criteria are included as Appendix A.  
Appendix B contains the Qualified Data Summary Table.  Data validation worksheets are kept 
on file at EcoChem. 

jc  4/3/09 4:17:00 PM i EcoChem, Inc. 
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SAMPLE INDEX
Irondale - Groundwaters

SDG Sample ID
Laboratory ID

SVOC-
SIM

TPH-Dx Metals

MW04-090109 09-1271-OH58A   
MW05-090109 09-1272-OH58B   
MW03-090109 09-1273-OH58C   
MW02-090109 09-1274-OH58D   
MW02-090109-DUPE 09-1275-OH58E   
MW04-090109 09-1276-OH58F 
MW05-090109 09-1277-OH58G 
MW03-090109 09-1278-OH58H 
MW02-090109 09-1279-OH58I 
MW02-090109-DUPE 09-1280-OH58J 

OH58

4/6/09
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DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Metals by Methods SW6010B and E200.8 

This report documents the review of analytical data from the analyses of groundwater samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the Sample Index. 

SDG Number of Samples Validation Level 
OH58 5 Groundwater Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative.  

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%).  

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed in the following table: 
1 Holding Times  and Sample Preservation  Matrix Spikes (MS) 
 Initial Calibration   Laboratory Duplicates 
 Calibration Verification  2 Field Duplicates 
 CRDL Standards  Interference Check Samples 

 Laboratory Blanks  Serial Dilutions 
 Laboratory Control Samples (LCS) 1 Reported Results 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified. 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

jc  4/3/09 4:17:00 PM MET - 1 EcoChem, Inc. 
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Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the RL for a given analyte; otherwise, the difference between the two results is 
used to evaluate precision.  For water matrices, the RPD control limit is 35% or the difference must 
be less than the RL.   

Data for one set of field duplicates were submitted:  MW02-090109 and MW02-090109-DUPE.  The 
RPD values for total iron (67.3%) and dissolved copper (52.6%) were greater than the 35% control 
limit.  The total iron and dissolved copper results for these two samples were estimated (J-9). 

Reported Results 

Some results for dissolved arsenic and nickel were slightly higher than for the total fraction.  The 
results fell within normal analytical precision and no action was necessary.  

IV. OVERALL ASSESSMENT 

As determined by this evaluation, the laboratory followed the specified analytical methods.  The 
laboratory and field replicate RPD values indicated acceptable precision, except as noted above.  
Accuracy was also acceptable, as demonstrated by the matrix spike and  laboratory control sample 
recoveries. 

Data were estimated based on a field duplicate precision outlier.   

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Selected Semivolatiles by EPA Method 8270D-SIM 

This report documents the review of analytical data from the analyses of groundwater samples and the 
associated laboratory and field quality control (QC) samples.  Samples were analyzed by Analytical 
Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the Sample Index. 

SDG Number of Samples Validation Level 

OH58 5 Groundwater  Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy laboratory data package.  Laboratory QC results were also verified 
(10%).  No errors were found. 

SDG OH58:  There was a calibration calculation error in the data submitted by the laboratory. 
Results were recalculated correctly and a revised hardcopy and electronic data deliverable were 
submitted. 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed in the following table: 

1 Holding Times and Sample Preservation  Laboratory Control Samples (LCS) 
 GC/MS Instrument Performance Check  Matrix Spikes/Matrix Spike Duplicates (MS/MSD) 
 Initial Calibration (ICAL)  Internal Standards 
 Continuing Calibration (CCAL) 2 Field Duplicates 

2 Laboratory Blanks   Target Analyte List 
 Field Blanks  Reporting Limits 
 Surrogate Compounds  Reported Results 

___________________________________________________________ 
1 Quality control results are discussed below, but no data were qualified 
2 Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

4/6/2009 SVOC SIM - 1 EcoChem, Inc. 
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Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

Laboratory Blanks 

To assess the impact of each blank contaminant on the reported sample results, an action level is 
established at five times the concentration reported in the blank.  If a contaminant is reported in an 
associated field sample and the concentration is less than the action level, the result is qualified as 
not detected (U-7).  If the result is also less than the reporting limit, then the result is elevated to the 
reporting limit.  No action is taken if the sample result is greater than the action level, or for 
non-detected results. 

Method blanks were analyzed at the appropriate frequency.  Various target analytes were detected in 
the method blanks, however, only the following analytes were qualified as not detected in one or more 
samples. 

A total of three naphthalene results were qualified as not-detected (U-7). 

Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the RL for a given analyte; otherwise, the difference between the two results is 
used to evaluate precision.  For water matrices, the RPD control limit is 35% or the difference must 
be less than the RL.   

One set of field duplicates (MW02-090109 and MW02-090109-DUPE) were submitted.  The 
benzo(a)pyrene difference value was greater than the reporting limit.  The benzo(a)pyrene results 
were estimated (J/UJ-9) in the parent and duplicate samples. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD), and laboratory control sample recoveries.  Precision was also acceptable as 
demonstrated by the MS/MSD and field duplicate RPD values, with the exception noted above. 

Data were estimated based on a field duplicate precision outlier.  Data were qualified as not detected 
based on contamination in the associated method blank. 

All data, as qualified, are acceptable for use. 



DATA VALIDATION REPORT 
Washington DOE Toxics Cleanup 

Irondale RI/FS 
Diesel and Residual Range Hydrocarbons by Method NWTPH-Dx 

This report documents the review of analytical data from the analyses of groundwater samples and 
the associated laboratory and field quality control (QC) samples.  Samples were analyzed by 
Analytical Resources, Inc., Tukwila, Washington. A complete list of samples is provided in the 
Sample Index. 

SDG Number of Samples Validation Level 

OH58 5 Groundwater Summary 

I. DATA PACKAGE COMPLETENESS 

The laboratory submitted all required deliverables.  The laboratory followed adequate corrective 
action processes and all anomalies were discussed in the case narrative. 

II. EDD TO HARDCOPY VERIFICATION 

A complete (100%) verification of the electronic data deliverable (EDD) results was performed by 
comparison to the hardcopy data package.  Laboratory QC results were also verified (10%). 

III. TECHNICAL DATA VALIDATION 

The QC requirements that were reviewed are listed below. 
1 Holding Times and Sample Preservation  Laboratory Control Samples (LCS/LCSD) 
 Initial Calibration (ICAL) 2 Field Duplicates 
 Continuing Calibration (CCAL)  Target Analyte List 
 Blanks (Method)  Reporting Limits 
 Field Blanks  Reported Results 
 Surrogate Compounds  Compound Identification and Quantification 
 Matrix Spike/Matrix Spike Duplicates (MS/MSD)   

___________________________________________________________ 
1  Quality control results are discussed below, but no data were qualified. 
2  Quality control outliers that impact the reported data were noted.  Data qualifiers were issued as discussed below. 

Holding Times and Sample Preservation 

The validation guidance documents state that the cooler temperatures should be within an advisory 
temperature range of 2 to 6C.  Two coolers were received at the laboratory at temperatures less 
than the lower control limit, with temperatures of 0.6 and 1.2C.  These temperature outliers did not 
impact data quality and no action was taken. 

jc 4/3/09 3:41:00 PM TPHDx - 1 EcoChem, Inc. 
L:\SAIC Bothell 41\C04122.007\GW-Geo\4122007_TPH.doc 



jc 4/3/09 3:41:00 PM TPHDx - 2 EcoChem, Inc. 
L:\SAIC Bothell 41\C04122.007\GW-Geo\4122007_TPH.doc 

Field Duplicates 

The relative percent difference (RPD) value is used to assess precision only if both sample results 
are greater than 5x the reporting limit (RL) for a given analyte; otherwise, the difference between the 
two results is used to evaluate precision.  For water matrices, the RPD value control limit is 35% or 
the difference must be less than the RL.   

One set of field duplicates, MW02-090109 and MW02-090109-DUPE, was submitted.  The 
difference of the diesel range hydrocarbon results was greater than the RL.  The diesel results were 
estimated (J/UJ-9) in these two samples. 

IV. OVERALL ASSESSMENT 

As was determined by this evaluation, the laboratory followed the specified analytical method.  
Accuracy was acceptable, as demonstrated by the surrogate, matrix spike/matrix spike duplicate 
(MS/MSD) and laboratory control sample percent recovery (%R) values.  Precision was also 
acceptable, as demonstrated by the field duplicate and MS/MSD RPD values, with the exception 
noted above. 

Data were estimated based on a field duplicate precision outlier.   

All data, as qualified, are acceptable for use. 



 

APPENDIX A 
DATA QUALIFIER DEFINITIONS  

REASON CODES  
AND CRITERIA TABLES 
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DATA VALIDATION QUALIFIER CODES 
National Functional Guidelines 

 
 

The following definitions provide brief explanations of the qualifiers assigned to results in the 
data review process. 

 

U The analyte was analyzed for, but was not detected 
above the reported sample quantitation limit. 

J The analyte was positively identified; the associated 
numerical value is the approximate concentration of the 
analyte in the sample. 

N The analysis indicates the presence of an analyte for 
which there is presumptive evidence to make a 
“tentative identification”. 

NJ The analysis indicates the presence of an analyte that 
has been “tentatively identified” and the associated 
numerical value represents the approximate 
concentration. 

UJ The analyte was not detected above the reported 
sample quantitation limit.  However, the reported 
quantitation limit is approximate and may or may not 
represent the actual limit of quantitation necessary to 
accurately and precisely measure the analyte in the 
sample. 

R The sample results are rejected due to serious 
deficiencies in the ability to analyze the sample and 
meet quality control criteria.  The presence or absence 
of the analyte cannot be verified.  

The following is an EcoChem qualifier that may also be assigned during the data review process:

DNR Do not report; a more appropriate result is reported 
from another analysis or dilution. 

 

 



DATA QUALIFIER REASON CODES 
 

 1 Holding Time/Sample Preservation 

 2 Chromatographic pattern in sample does not match pattern of calibration standard. 

 3 Compound Confirmation 

 4 Tentatively Identified Compound (TIC) (associated with NJ only) 

 5A Calibration (initial) 

 5B Calibration (continuing) 

 6 Field Blank Contamination 

 7 Lab Blank Contamination (e.g., method blank, instrument, etc.) 

 8 Matrix Spike(MS & MSD) Recoveries 

 9 Precision (all replicates) 

 10 Laboratory Control Sample Recoveries 

 11 A more appropriate result is reported (associated with “R” and “DNR” only) 

 12 Reference Material 

 13 Surrogate Spike Recoveries (a.k.a., labeled compounds & recovery standards) 

 14 Other (define in validation report) 

 15 GFAA Post Digestion Spike Recoveries 

 16 ICP Serial Dilution % Difference 

 17 ICP Interference Check Standard Recovery 

 18 Trip Blank Contamination 

 19 Internal Standard Performance (e.g., area, retention time, recovery) 

 20 Linear Range Exceeded 

 21 Potential False Positives 

 22 Elevated Detection Limit Due to Interference (i.e., laboratory, chemical and/or matrix) 

 

T:\Controlled Docs\Qualifiers & Reason Codes\Reason Codes-EcoChem.doc  EcoChem, Inc. 
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DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 4°C ±2°
J(+)/UJ(-) if greater than 6 deg. C

(EcoChem PJ)
1

Holding Time
Water:  7 days from collection  
Soil:  14 days from collection 

Analysis:  40 days from extraction 

Water: 
J(+)/UJ(-) if ext. > 7 and < 21 days

J(+)/R(-) if ext > 21 days   (EcoChem PJ)

Solids/Wastes:
J(+)/UJ(-) if ext. > 14 and < 42 days

J(+)/R(-) if ext. > 42 days   (EcoChem PJ)

J(+)/UJ(-) if analysis >40 days

1

Tuning
DFTPP

Beginning of each 12 hour period
Method acceptance criteria

R(+/-) all analytes in all samples
associated with the tune

5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5A

%RSD < 30%
(EcoChem PJ, see TM-06)

J(+) if %RSD > 30%
5A

RRF > 0.05

(EcoChem PJ, see TM-06)

If MDL= reporting limit:
J(+)/R(-) if RRF < 0.05

If reporting limit > MDL:
note in worksheet if RRF <0.05

5B

 %D <25%

(EcoChem PJ, see TM-06)

If  > +/-90%:  J+/R-
If  -90% to -26%: J+ (high bias)

If  26% to 90%: J+/UJ- (low bias)

5B

U(+) if sample (+) result is less than CRQL and
 less than appropriate 5X or 10X rule

 (raise sample value to CRQL)
7

U(+) if sample (+) result is greater than or equal to CRQL and 
less than appropriate 5X and 10X rule (at reported sample 

value)
7

No TICs present R(+) TICs using 10X rule 7

Field Blanks
(Not Required)

No results > CRQL Apply 5X/10X rule; U(+) < action level 6

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

Method Blank
One per matrix per batch

No results > CRQL

Initial Calibration
(Minimum 5 stds.)

Continuing Calibration
(Prior to each 12 hr. 

shift)

T:\Controlled Docs\Criteria Tables\EcoChem Default\EcoChem NFG Organic Criteria.xlsNFG-SVOC Copyright 2005 EcoChem, Inc.



DATA VALIDATION CRITERIA Table No.:  NFG-SVOC
Revision No.: 7

Last Rev. Date: 8/23/07
Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Semivolatile Analysis by GC/MS
 (Based on Organic NFG 1999)

MS/MSD (recovery)
One per matrix per batch

Use method acceptance criteria

Qualify parent only unless other QC indicates 
systematic problems:
J(+) if both %R > UCL  

J(+)/UJ(-) if both %R < LCL
J(+)/R(-) if both %R < 10%
       PJ if only one %R outlier

8

MS/MSD
(RPD)

One per matrix per batch
Use method acceptance criteria

J(+) in parent sample if RPD > CL 9

LCS
low conc. H2O SVOA

One per lab batch
Within method control limits

J(+) assoc. cmpd if > UCL
J(+)/R(-) assoc. cmpd if < LCL

J(+)/R(-) all cmpds if half are < LCL
10

LCS
regular SVOA (H2O & 

solid)

One per lab batch
Lab or method control limits

J(+) if %R > UCL    J(+)/UJ(-) if %R <LCL
J(+)/R(-) if %R < 10% (EcoChem PJ)

10

LCS/LCSD
(if required)

One set per matrix and batch of 20 samples
RPD < 35%

J(+)/UJ(-) assoc. cmpd. in all samples 9

Surrogates
Minimum of 3 acid and 3 base/neutral 

compounds
Use method acceptance criteria

Do not qualify if only 1 acid and/or 1 B/N
surrogate is out unless <10%

J(+) if %R > UCL      J(+)/UJ(-) if %R < LCL
J(+)/R(-) if %R < 10%

13

Internal Standards

Added to all samples
Acceptable Range: IS area 50% to 200% of 

CCAL area
RT within 30 seconds of CC RT

J(+) if  > 200%
J(+)/UJ(-) if  < 50%
J(+)/R(-) if  < 25%

RT>30 seconds, narrate and Notify PM

19

Field Duplicates

Use QAPP limits.  If no QAPP: 
Solids:  RPD <50%

OR absolute diff. < 2X RL (for results < 5X RL)

Aqueous: RPD <35%
OR absolute diff. < 1X RL (for results < 5X RL)

Narrate and qualify if required by project
(EcoChem PJ)

9

TICs
Major ions (>10%) in reference must

be present in sample; intensities
agree within 20%; check identification

NJ the TIC unless:
R(+) common laboratory contaminants

See Technical Director for ID issues

4

Quantitation/
Identification

RRT within 0.06 of standard RRT
Ion relative intensity within 20% of standard

All ions in std. at > 10% intensity must 
be present in sample

See Technical Director if outliers
14

21 (false +)
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DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
Page: 1 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE
Cooler Temperature & 

Preservation
4°C±2°C

Water: HCl to pH < 2
J(+)/UJ(-) if greater than 6 deg. C 1

Holding Time

Ext. Waters: 14 days preserved
 7 days unpreserved
Ext. Solids: 14 Days

Analysis: 40 days from extraction

J(+)/UJ(-) if hold times exceeded
J(+)/R(-) if exceeded > 3X

(EcoChem PJ)
1

Initial Calibration

5 calibration points
(All within 15% of true value)

Linear Regression:  R2 >0.990
If used, RSD of response factors <20%

Narrate if fewer than 5 calibration levels
or if %R >15%

J(+)/UJ(-) if R2 <0.990 
J(+)/UJ(-) if %RSD > 20%

5A

Mid-range Calibration 
Check Std.

Analyzed before and after each analysis shift & 
every 20 samples.

Recovery range 85% to 115%

Narrate if frequency not met.

J(+)/UJ(-) if %R < 85%
J(+) if %R >115%

5B

U  (at the RL) if sample result is
 < RL & < 5X blank result.

7

U (at reported sample value) if sample  result is > 
RL and < 5X blank result

7

Field Blanks
(if required by project)

No results > RL
Action is same as method blank for positive results 

remaining in the field blank after method blank 
qualifiers are assigned.

6

MS samples (accuracy)
(if required by project)

%R within lab control limits

Qualify parent only, unless other QC indicates 
systematic problems.

J(+) if both %R > upper control limit (UCL)
J(+)/UJ(-) if both %R < lower control limit (LCL)

No action if parent conc. >5X the amount spiked.
Use PJ if only one %R outlier

8

Precision:
MS/MSD or LCS/LCSD 

or sample/dup

At least one set per batch (<10 samples)
RPD < lab control limit

J(+) if RPD  > lab control limits 9

LCS
(not required by method)

%R within lab control limits

J(+)/UJ(-) if %R < LCL
J(+) if %R  > UCL

J(+)/R(-) if any %R <10%
(EcoChem PJ)

10

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

At least one per batch (<10 samples)
No results >RL

Method Blank

T:\Controlled Docs\Criteria Tables\EcoChem Default\Fuels Criteria_all tests.xlsNWTPH-Dx Copyright 2006 EcoChem, Inc.



DATA VALIDATION CRITERIA Table No.:  NWTPH-Dx
Revision No.:  2

Last Rev. Date: 8/13/07
Page: 2 of 2

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Total Petroleum Hydrocarbons-Diesel & Residual Range
(Based on EPA National Functional Guidelines as applied to criteria in NWTPH-Dx, 

June 1997, Wa DOE & Oregon DEQ)

Surrogates

2-fluorobiphenyl, p-terphenyl, o-terphenyl, 
and/or pentacosane added to all samples (inc. 

QC samples).

%R = 50-150% 

J(+)/UJ(-) if %R < LCL
J(+) if %R > UCL 

J(+)/R(-) if any %R <10%
No action if 2 or more surrogates are used, and 
only one is outside control limits.  (EcoChem PJ)

13

Pattern Identification

Compare sample chromatogram to standard 
chromatogram to ensure range and pattern are 

reasonable match.
Laboratory may flag results which have poor 

match.

J(+) 2

Field Duplicates

Use project control limits, if stated in QAPP

EcoChem default:
water: RPD < 35%
solids: RPD < 50%

Narrate (Use Professional Judgement to qualify) 9

Two analyses
for one sample (dilution)

Report only one result per
analyte

"DNR" (or client requested qualifier) all results that 
should not be reported.

(See TM-04)
11
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DATA VALIDATION CRITERIA Table No.:  NFG-ICP
Revision No.:   draft
Last Rev. Date: draft

Page: 1 of 4

VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                         

For Dissolved Metals:  0.45um filter & preserve after 
filtration

Tissues: Frozen

EcoChem Professional Judgment - no qualification based 
on cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r > 0.995
J(+)/UJ(-) if r < 0.995 (multi point cal) 5A

Initial Calibration 
Verification (ICV) 

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing 
Calibration 

Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

%R within ±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blank

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
(Refer to TM-02 for additional information)

7

Reporting Limit 
Standard 

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Sb, Pb, Tl)

R(-)/J(+) < 2x RL if %R <50% (< 30% Sb, Pb, Tl)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30-49% Sb, Pb,Tl) 
 J(+) < 2x RL if %R 130-180% (150-200% Sb, Pb, Tl) 

R(+) < 2x RL if %R > 180% (200% Sb, Pb, Tl) 

14

Interference Check 
Samples

(ICSA/ICSAB)

ICSAB %R 80 - 120%  for all spiked elements      
 | ICSA | < MDL for all unspiked elements except: K, Na

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R= 50 to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP
(Based on Inorganic NFG 1994 & 2004)

One per matrix per batch 

Blank Spike:  %R within 80-120%
R(+/-) if %R < 50% 

J(+)/UJ(-) if %R = 50-79%
J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance 
range or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

Matrix Spikes
One per matrix per batch 

75-125% for samples less than 4x spike level

J(+) if %R > 125% 
J(+)/UJ(-) if %R < 75% 

J(+)/R(-) if %R < 30% or 
J(+)/UJ(-) if Post Spike %R 75-125%

Qualify all samples in batch

8

Post-digestion Spike
If  Matrix Spike is outside 75-125%, 

spike at twice the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples >RL and < 5x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL (2x RL for solids)
qualify all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample conc. > 50x MDL
J(+)/UJ(-) if %D >10%

qualify all samples in batch
16

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < action level
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20

Laboratory Control 
Sample (LCS)

10
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

Cooler Temperature 
and Preservation

Cooler temperature:  4°C ±2°
Waters: Nitric Acid to pH < 2                            

For Dissolved Metals:  0.45um filter & preserve after filtration

EcoChem Professional Judgment - no qualification based on 
cooler temperature outliers

J(+)/UJ(-) if pH preservation requirements 
are not met

1

Holding Time
180 days from date sampled

Frozen tissues - HT extended to 2 years
J(+)/UJ(-) if holding time exceeded 1

Tune 

Prior to ICAL
monitoring compounds analyzed 5 times wih Std Dev. < 5%

mass calibration <0.1 amu from True Value
Resolution < 0.9 AMU @ 10% peak height or 

<0.75 amu @ 5% peak height

Use Professional Judgment to evaluate tune
J(+)/UJ(-) if tune criteria not met

5A

Initial Calibration
Blank +  minimum 1 standard

If more than 1 standard, r>0.995
J(+)/UJ(-)  if r<0.995 (for multi point cal) 5A

Initial Calibration 
Verification  (ICV)

Independent source analyzed immediately after calibration
%R within ±10% of true value

J(+)/UJ(-) if %R 75-89%
J(+) if %R = 111-125% 

R(+) if %R > 125% 
R(+/-) if %R < 75%

5A

Continuing Calibration 
Verification (CCV)

Every ten samples, immediately following
ICV/ICB and at end of run

±10% of true value

J(+)/UJ(-) if %R = 75-89%
J(+) if %R 111-125% 
R(+) if %R > 125% 
R(+/-) if %R < 75%

5B

Initial and Continuing 
Calibration Blanks 

(ICB/CCB)

After each ICV and CCV
every ten samples and end of run

| blank | <  IDL (MDL)

Action level is 5x absolute value of blank conc.
For (+) blanks, U(+) results < action level

For (-) blanks, J(+)/UJ(-) results < action level
refer to TM-02 for additional details

7

Reporting Limit 
Standard  (CRI)

2x RL analyzed beginning of run
Not required for Al, Ba, Ca, Fe, Mg, Na, K
%R = 70%-130% (50%-150% Co,Mn, Zn)

R(-),(+) < 2x RL if %R < 50% (< 30% Co,Mn, Zn)       
J(+) < 2x RL, UJ(-) if %R 50-69% (30%-49% Co,Mn, Zn) 

J(+) < 2x  RL if %R 130%-180% (150%-200% Co,Mn, Zn) 
R(+) < 2x RL if %R > 180% (200% Co, Mn, Zn) 

14

Interference Check 
Samples

(ICSA/ICSAB)

Required by SW 6020, but not 200.8
ICSAB %R 80% - 120%  for all spiked elements      
 | ICSA | <  IDL (MDL) for all unspiked elements 

For samples with Al, Ca, Fe, or Mg > ICS levels
R(+/-) if %R < 50%      
 J(+) if %R >120% 

J(+)/UJ(-) if %R = 50% to 79% 
Use Professional Judgment for ICSA to determine if

 bias is present
see TM-09 for additional details

17

Method Blank
One per matrix per batch

(batch not to exceed 20 samples)
blank < MDL

Action level is 5x  blank concentration
U(+) results < action level

7

One per matrix per batch 
Blank Spike:  %R within 80%-120%

R(+/-) if %R < 50% 
J(+)/UJ(-) if %R = 50-79%

J(+) if %R >120%

CRM: Result within manufacturer's certified acceptance range 
or project guidelines

J(+)/UJ(-) if  < LCL,  
J(+) if  > UCL

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

10
Laboratory Control 

Sample (LCS)
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VALIDATION
QC ELEMENT

ACCEPTANCE CRITERIA ACTION
REASON 

CODE

EcoChem Validation Guidelines for Metals Analysis by ICP-MS
(Based on Inorganic NFG 1994 & 2004)

Matrix Spike/ 
Matrix Spike Duplicate 

(MS/MSD)

One per matrix per batch 
75-125% for samples where results 

do not exceed 4x spike level

J(+) if %R>125% 
J(+)/UJ(-) if %R <75% 
J(+)/R(-) if %R<30% or 

J(+)/UJ(-) if Post Spike %R 75%-125%
Qualify all samples in batch

8

Post-digestion Spike
If Matrix Spike is outside 75-125%,

Spike parent sample at 2x the sample conc.
No qualifiers assigned based on this element

Laboratory Duplicate
(or MS/MSD)

One per matrix per batch
RPD < 20% for samples > 5x RL 

Diff < RL for samples > RL and < 5 x RL
(Diff < 2x RL for solids)

J(+)/UJ(-) if RPD > 20% or diff > RL
all samples in batch

9

Serial Dilution
5x dilution one per matrix

%D < 10% for original sample values > 50x MDL
J(+)/UJ(-) if %D >10%
All samples in batch

16

Internal Standards
Every sample

 SW6020:  60%-125% of cal blank IS
200.8:  30%-120% of cal blank IS

J (+)/UJ (-)  all analytes associated with IS outlier 19

Field Blank Blank < MDL
Action level is 5x blank conc.

 U(+) sample values < AL 
in associated field samples only

6

Field Duplicate

For results > 5x RL:
Water: RPD < 35%      Solid: RPD < 50%

For results < 5 x RL:
Water: Diff < RL   Solid: Diff < 2x RL 

J(+)/UJ(-) in parent samples only 9

Linear Range Sample concentrations must  fall within range J values over range 20
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Qualified Data Summary 
Irondale - Groundwaters

SDG SAMPLE ID LAB ID ANALYTE RESULT UNITS LAB QUAL DV QUAL DV REASON
OH58 MW02-090109 09-1274-OH58D Diesel Range Hydrocarbons 0.72 mg/L J 9

OH58 MW02-090109-DUPE 09-1275-OH58E Diesel Range Hydrocarbons mg/L U UJ 9

OH58 MW02-090109 09-1274-OH58D Iron 1430 ug/l J 9

OH58 MW02-090109-DUPE 09-1275-OH58E Iron 710 ug/l J 9

OH58 MW02-090109 09-1279-OH58I Copper 12 ug/l J 9

OH58 MW02-090109-DUPE 09-1280-OH58J Copper 7 ug/l J 9

OH58 MW04-090109 09-1271-OH58A Naphthalene 0.012 ug/L B U 7

OH58 MW05-090109 09-1272-OH58B Naphthalene 0.012 ug/L B U 7

OH58 MW03-090109 09-1273-OH58C Naphthalene 0.010 ug/L B U 7

OH58 MW02-090109 09-1274-OH58D Benzo(a)pyrene ug/L U UJ 9

OH58 MW02-090109-DUPE 09-1275-OH58E Benzo(a)pyrene 0.032 ug/L J 9

4/6/09
L:\SAIC Bothell 41\C04122.007\GW-Geo\4122007.xls Page 1 of 1 EcoChem, Inc.
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1.0 Introduction 

Irondale Iron and Steel (Irondale) has been identified by the Washington State Department of 
Ecology (Ecology) under the Toxics Cleanup Program’s (TCP) Puget Sound Initiative for 
focused cleanup and source control (Figure 1–1).  Previous investigations (Hart Crowser 1996; 
JCHHS 2001) have indicated that plant operations have resulted in the contamination of soil, 
sediment, and groundwater with total petroleum hydrocarbons (TPH) and metals (Ecology 
2007).  This report includes the results of the characterization of the intertidal sediment quality at 
the Irondale Iron and Steel former operations as described in the Irondale Iron and Steel Plant 
Intertidal Sediment Quality Investigation Irondale, WA, Sampling and Analysis Plan (SAP) 
dated December 30, 2008. 

1.1 Site History 

A detailed description of the site, operational history, and summary of previous investigations is 
provided in the Remedial Investigation/Feasibility Study Workplan, Irondale Iron and Steel 
Plant, Irondale, Washington (GeoEngineers 2007).   

1.2 Project Scope and Work Plan Objectives 

The scope of this Intertidal Sediment Investigation was limited geographically to the TPH-
impacted intertidal areas in the vicinity of the former Irondale plant facilities and wharf.    

The results of this sediment characterization will be used to determine whether potential cleanup 
action(s) are warranted and sufficient to minimize the potential for adverse impacts to the biotic 
community. The specific objectives of this sediment investigation include the following: 

• Conduct a sampling and analysis effort to characterize the intertidal sediment quality. 
• Collect, process, and analyze representative intertidal sediment data to characterize the 

site in accordance with protocols, timing, and quality assurance/quality control (QA/QC) 
requirements outlined by Washington State Sediment Management Standards (SMS) 
protocols, Puget Sound Estuary Program (PSEP) protocols, and subsequent Sediment 
Management Annual Review Meetings (SMARM) updates. 

• Compare the intertidal sediment chemistry results to Washington State SMS, sediment 
quality standard (SQS), and contaminant screening level (CSL), and TPH (NWTPH-Dx 
extended). 

• Collect sediments from 10 locations to get a representative range of TPH concentrations. 
• Determine the relative toxicity of TPH to benthic organisms by conducting a suite of 

sediment toxicity tests on synoptic intertidal sediment samples across a range of TPH 
concentrations and any that exceed the SQS chemical criteria.  The suite of toxicity tests 
will include a larval development bioassay, an amphipod mortality bioassay, a juvenile 
polychaete growth bioassay, and Microtox® luminescence bioassay.  In addition, due to 
the intertidal nature of the site and the presence of TPH, bioassays will be conducted 
using full-spectrum lighting (Ecology 2008). 
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• Compare any toxicological response due to TPH to the Model Toxics Control Act 
(MTCA) cleanup standard for TPH and determine whether this standard is protective of 
benthic invertebrates in intertidal sediments. 

1.3 Document Organization 

This Data Report summarizes and evaluates the results of the Irondale Intertidal Sediment 
Investigation within the context of the project scope and study objectives as outlined in Section 
1.0.  Section 2.0 of this document describes the study design and the methods for sample 
collection, analysis, and biological testing, as well as any deviations from the SAP (SAIC 2008). 
The results of the chemical analysis and biological testing are presented in Section 3.0.  Section 
4.0 discusses the suitability of whether the MTCA cleanup standard for TPH in soil is also 
protective of benthic invertebrates in intertidal sediments.  References are provided in Section 
5.0.  The appendices include: 

• Appendix A. Intertidal Sediment and Sample Container Logbooks 
• Appendix B. Chemistry Laboratory Reports, Chain-of-Custody Forms, and Data 

Validation 
• Appendix C. Biological Laboratory Report 
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Figure 1-1.  Irondale Iron and Steel Study Area 
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2.0 Data Collection and Analytical Methods 

This section describes the study design, sample collection methodology, and the methods for 
chemical and biological testing.  A full description of the methods can be found in the SAP 
(SAIC 2008). 

2.1 Study Design 

The major component of this study was to characterize the nature and extent of intertidal 
sediment contamination at Irondale through the use of the SMS interpretive criteria.  In addition, 
a toxicological investigation was conducted to determine any potential adverse impacts to 
benthic biota from TPH contamination.  Results of this toxicological investigation will help to 
establish whether the MTCA cleanup standard for TPH in soil is also protective of benthic 
invertebrates.  

2.2 Sampling and Handling Methods 

Intertidal sediment samples were collected at eight locations (Figure 2–1) on January 8, 2009.  
All samples were collected during a low tide to assure beach access.  The position of all beach 
locations was recorded using a differential Global Positioning System (DGPS).  Location 
coordinates are listed in Table 2–1.   

Table 2–1.  Sample Locations 

Location ID Latitude1 Longitude1 Northing2 Easting2 

ID-100-15-21-SD 48.042537 122.766059 1167686 386223 

ID-101-8-14-SD 48.042548 122.766015 1167697 386228 

ID-102-9-15-SD 48.042535 122.765978 1167705 386222 

ID-103-11-17-SD 48.042449 122.766011 1167697 386189 

ID-104-13-19-SD 48.042356 122.765975 1167705 386155 

ID-106-13-19-SD 48.042274 122.765949 1167712 386127 

ID-107-8-14-SD 48.042182 122.765888 1167724 386125 

ID-108-12-18-SD 48.042118 122.765821 1167726 386091 

SB-REF-ID-01 48.076298 123.020736 1106077 400259 

SB-REF-ID-02 48.082231 123.02870 1104191 402478 
1. WGS 1984 (decimal degrees)  
2. NAD 83, State Plane North 

Hand shovels were used to make the initial excavations at a given location, and stainless steel 
scoops or spoons were used to collect the actual sample material.  Sediment characteristics, 
including texture, color, odor, and presence of biological organisms, contamination, or debris 
were recorded in the field logbook (Appendix A).  Care was taken to avoid collecting sediment 
that was in contact with the hand shovel.  A sufficient volume of intertidal sediment was 
collected and composited at each location to provide for chemical analysis and toxicity testing.  
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Sediment to be analyzed for total sulfides was taken directly from the excavation and preserved 
with zinc acetate. 

The homogenized sediment was placed in pre-cleaned jars and then labeled.  Samples were 
identified based on their location, sample type, and depth interval such that sample ID-108-12-
18-SD was collected at location 108 between 12 and 18 inches depth.   

The R/V Growler, owned and operated by Science Applications International Corporation 
(SAIC), was used to collect two reference samples from Sequim Bay, WA, on January 29, 2009.  
Sediment sampling locations were logged using the onboard Global Positioning System (GPS).  
The reference samples (0 to 5 inches) were collected using a stainless steel petit ponar grab.  
Sediment was collected and homogenized at each of the reference locations to provide sufficient 
volume for chemical analysis and toxicity testing.   

An aliquot of sediment from each reference location was wet-sieved in the field to separate the 
coarse and fine-grained material in order to match the appropriate test and reference locations for 
toxicity testing.  A 63-micron sieve was used to separate the silt and clay (fines) from the sand 
and gravel portion of the sediment sample. 

2.3 Chemical Analyses 

All chemical analyses were conducted by Analytical Resources, Inc. (ARI), of Tukwila, WA.  
All procedures were performed in accordance with the PSEP guidelines.  All samples were 
analyzed for sediment conventionals and TPH.  Five samples were analyzed for SMS chemistry.  
The specific analyses conducted on each sample are presented in Table 2–2.   

The analyses for semi-volatile organic compounds (SVOCs) and polycyclic aromatic 
hydrocarbons (PAHs) were conducted using method 8270.  The analysis for most of the metals 
was conducted using method 6010B, while mercury was analyzed using method 7471A.  For the 
sediment conventionals, grain size was analyzed using PSEP methods, total organic carbon 
(TOC) using Plumb 1981, total volatile solids using method 160.4, total solids using method 
160.3, total sulfides by method EPA 376.2, and ammonia using method EPA 350.1.  Analysis of 
oil range hydrocarbons followed the NWTPH-Dx Method.  Polychlorinated biphenyls (PCBs) 
were not analyzed as part of this investigation. 

The chemical results are compared to the SMS SQS and CSL numeric criteria.  The SMS 
provides a regulatory basis, management goal, and decision process for the characterization and 
cleanup of contaminated sediments (Ecology 1995). 
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Table 2–2.  Surface Sediment Sample Types Collected 

Sample Location Sediment 
Conventionals1 

Total 
Sulfides 

NWTPH- 
Dx extended 

SVOCs Metals; 
Mercury 

Archive Toxicity 
Testing2 

ID-100-15-21-SD X X X X X A X 
ID-101-8-14-SD X X X X X A X 
ID-102-9-15-SD X X X X X A X 

ID-103-11-17-SD X X X  X A  
ID-103-11-17-D X  X     
ID-103-11-17-T X       

ID-104-13-19-SD X X X   A  
ID-106-13-19-SD X X X   A  
ID-107-8-14-SD X X X   A  

ID-108-12-18-SD X X X X X A X 
ID-000-MIX3 X  X X X  X 

Reference Samples 
REF-ID-01 X X X    X 
REF-ID-02 X X X    X 

X = sample collected and submitted for analysis/testing; A: sample collected and archived;  -:  no sample collected 
at this location 

1. Sediment conventional parameters include grain size distribution, total solids, total volatile solids, total organic 
carbon, and ammonia. 

2. Toxicity testing includes amphipod mortality; larval development; polychaete growth; Microtox® luminescence. 
3. ID-MIX-000 is a 4:1 blend of ID-103 and ID-107. 

2.4 Biological Analyses 

Additional sediment at each location was collected and archived for toxicity testing.  Potential 
bioassay samples were stored at 4°C with no headspace under a nitrogen atmosphere pending 
completion of chemical analyses.  These samples were delivered directly to the NewFields 
biological laboratory in Port Gamble, WA, upon the completion of the sample collection effort. 

Intertidal surface sediment collected from five site and two reference locations were submitted 
for confirmatory biological testing across a range of TPH concentrations (Table 2-2).  The 
primary objective of this study was to conduct toxicity tests on intertidal sediment across a range 
of TPH concentrations.  To accomplish this objective, an additional sample was created by 
mixing four parts ID-103-11-17-SD with one part ID-107-8-14-SD in an effort to produce a mid-
range TPH concentration for biological testing.  The sediment TPH concentrations submitted for 
biological testing ranged from 30 to 690 mg/kg. Two reference sediment samples from Sequim 
Bay were also run for toxicity testing.  The suite of toxicity tests for all seven samples included 
amphipod mortality (Eohaustorius estuarius), larval development (Mytilus galloprovincialis), 
juvenile polychaete growth (Neanthes arenaceodentata), and Microtox bioluminescence (Vibrio 
fischeri).  All biological testing was in strict compliance with Recommended Guidelines for 
Conducting Laboratory Bioassays on Puget Sound Sediments (PSEP 1995).  Due to the intertidal 
nature of the site and the presence of TPH, bioassays were conducted using full-spectrum 
lighting (Ecology 2008). Further details on the toxicity testing methodology are provided in the 
SAP (SAIC 2008).  The results of the toxicity testing are provided in Section 3.3.  
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Figure 2-1. Intertidal Sampling Locations 
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3.0 Data Results 

This section summarizes the results of the chemical analyses and toxicity testing conducted as a 
part of the Irondale Intertidal Sediment Quality Investigation. 

3.1 Surface Sediment Chemistry 

All nine intertidal sediment samples and both reference samples were analyzed for TPH and 
sediment conventionals.  Five intertidal sediment samples were analyzed for SMS chemistry.  
All SMS chemical results are discussed relative to the SQS and the CSL.  TPH are discussed in 
terms of concentrations present and spatial distribution.  While the combined sample ID-000-
MIX is included in this discussion, the sample is not representative of a specific location.   

Results for the five samples analyzed for SMS chemistry are listed in Table 3–1.  In this table, all 
undetected concentrations are represented by the method reporting limit.  There were no 
exceedances of SQS or CSL criteria within the five intertidal samples analyzed for SMS 
chemistry.  In addition, none of the reporting limits associated with the undetected values 
exceeded the SQS criteria.   

Sample ID-000-MIX, a 4:1 combination of ID-103 and ID-107, was analyzed twice for SMS 
chemistry to test the homogeneity of the sediment.  Data from the second analysis, ID-000-MIX-
D1, have been qualified do not report (DNR) to denote that these data are to be used for 
comparison purposes only.  Only two analytes, pyrene and chrysene, were detected in both 
samples.  The RPD for pyrene was 27%.  The RPD for chrysene was 55%, however detected 
concentrations were less than twice the reporting limit. 

TPH results for all samples, including reference locations, are presented in Table 3–2.  For the 
intertidal samples, motor oil concentrations ranged from 21 mg/kg at ID-100-15-24-SD to 3,600 
mg/kg at ID-104-13-19-SD.  Diesel range hydrocarbons ranged from 9.1 mg/kg at ID-100-15-24-
SD to 5,400 mg/kg at ID-104-13-19-SD.  Locations 104, 106, and 107 at the center of the 
Irondale intertidal sampling area had the highest concentrations of both motor oil and diesel 
range hydrocarbons.  Portions of the sampling to the north and south of these three locations had 
concentrations 10 to 100 times lower.  Concentrations of both TPH analytes were undetected at 
the two reference locations.   

The initial sample of ID-000-MIX analyzed on February 4th, 2009, had concentrations of 330 and 
360 mg/kg for motor oil and diesel range hydrocarbons, respectively.  ID-000-MIX was 
reanalyzed as three separate samples on February 17th, 2009 (Table 3-2).   The RPD between ID-
00-MIX and ID-000-MIX-D1 was 32% for both motor oil and diesel range hydrocarbons.  The 
RSD for all four samples was 21% for motor oil, and 25% for diesel range hydrocarbons.  This 
degree of precision suggests homogeneity of the mixed sample. 
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Table 3–1.  SMS Chemistry Results 
SampleID WA WA ID-100-15-21-SD ID-101-8-14-SD ID-102-9-15-SD ID-108-12-18-SD ID-000-MIX ID-MIX-000-D1* 
Collection Date SQS CSL 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/29/2009 LQ VQ 1/29/2009 LQ VQ 
Metals in mg/kg DW 
Arsenic 57 93 10 U U 20 U U 20 U U 6 U U 6 U U    
Cadmium 5.1 6.7 0.6 U U 0.6 U U 0.6 U U 0.2 U U 0.2 U U    
Chromium __ __ 17   16   14   20.1   18.4      

Copper 390 390 113   112   76.7   19.7   30.4      
Lead 450 530 25   17   10   4   8      
Mercury 0.41 0.59 0.06   0.07   0.05   0.05 U U 0.04 U U    
Silver 6.1 6.1 0.9 U U 0.9 U U 0.9 U U 0.3 U U 0.4 U U    
Zinc 410 960 144   99   57   29   124      
LPAH in mg/kg TOC 
Naphthalene 99 170 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Acenaphthylene 66 66 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Acenaphthene 16 57 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Fluorene 23 79 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Phenanthrene 100 480 0.99 U U 0.24 J J 0.65   0.43 J J 0.23 U J 0.47 U DNR 
Anthracene 220 1200 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
1-Methylnaphthalene __ __ 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 

2-Methylnaphthalene 38 64 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Total LPAH 960 5300 0.99 U U 0.24 J J 0.65   0.43 J J 0.45 U U 0.47 U DNR 
HPAH in mg/kg TOC 
Fluoranthene 160 1200 0.94 J J 0.58   1.06   0.39 J J 0.49 U  0.47 U DNR 
Pyrene 1000 1400 0.94 J J 0.77   1.44   0.35 J J 0.89   0.68  DNR 
Benzo(a)anthracene 110 270 0.99 U U 0.34 J J 0.67   0.71 U U 0.35 U J 0.47 U DNR 
Chrysene 110 460 0.54 J J 0.48   1.38   0.71 U U 0.87   0.49  DNR 
Benzo(b)fluoranthene __ __ 0.99 U U 0.34 J J 0.50 J J 0.71 U U 0.31 U J 0.47 U DNR 

Benzo(k)fluoranthene __ __ 0.99 U U 0.29 J J 0.62   0.71 U U 0.45 U U 0.47 U DNR 

Benzofluoranthenes 230 450 0.99 U U 0.63 J J 1.11 J J 0.71 U U 0.45 U U 0.47 U DNR 
Benzo(a)pyrene 99 210 0.99 U U 0.29 J J 0.38 J J 0.71 U U 0.45 U U 0.47 U DNR 
Indeno(1,2,3-cd)pyrene 34 88 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Dibenz(a,h)anthracene 12 33 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
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Table 3–1.  SMS Chemistry Results (Continued) 
SampleID WA WA ID-100-15-21-SD ID-101-8-14-SD ID-102-9-15-SD ID-108-12-18-SD ID-000-MIX ID-MIX-000-D* 
Collection Date SQS CSL 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/8/2009 LQ VQ 1/29/2009 LQ VQ 1/29/2009 LQ VQ 
Benzo(g,h,i)perylene 31 78 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Total HPAH 960 5300 2.41 J J 3.08 J J 6.04 J J 0.74 J J 2.25   1.17   
Chlorinated Aromatics in mg/kg TOC 
1,3-Dichlorobenzene __ __ 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 

1,4-Dichlorobenzene 3.1 9 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
1,2-Dichlorobenzene 2.3 2.3 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
1,2,4-Trichlorobenzene 0.81 1.8 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
Hexachlorobenzene 0.38 2.3 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
Phthalate Esters in mg/kg TOC 
Dimethylphthalate 53 53 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Diethylphthalate 61 110 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Di-n-Butylphthalate 220 1700 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Butylbenzylphthalate 4.9 64 0.74 U U 0.36 U U 0.47 U U 0.57 U U 0.35 U U 0.35 U DNR 
bis(2-Ethylhexyl) 
phthalate 

47 78 0.99 U U 0.31 J J 0.59 U U 0.46 J J 0.45 U U 0.47 U DNR 

Di-n-Octylphthalate 58 4500 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Phenols in µg/kg DW 
Phenol 420 1200 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR 
2-Methylphenol 63 63 6.1 U U 6.2 U U 6.2 U U 6.2 U U 6.2 U U 6.1 U DNR 
4-Methylphenol 670 670 20 U U 20 U U 20 U U 20 U U 19 U U 20 U DNR 
2,4-Dimethylphenol 29 29 6.1 U U 6.2 U U 6.8   6.2 U U 6.2 U U 6.1 U DNR 
Pentachlorophenol 360 690 30 U U 31 U U 31 U U 31 U U 31 U U 30 U DNR 
Miscellaneous Extractables in mg/kg TOC 
Benzyl Alcohol  
(µg/kg DW) 

57 73 30 U U 31 U U 31 U U 31 U U 19 U R 30 U DNR 

Benzoic Acid  
(µg/kg DW) 

650 650 200 U U 200 U U 200 U U 200 U U 190 U U 200 U DNR 

Dibenzofuran 15 58 0.99 U U 0.48 U U 0.59 U U 0.71 U U 0.45 U U 0.47 U DNR 
Hexachlorobutadiene 3.9 6.2 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 
N-Nitrosodiphenylamine 28 130 0.30 U U 0.15 U U 0.18 U U 0.22 U U 0.15 U U 0.14 U DNR 

DW = dry weight; HPAH = high molecular weight polycyclic aromatic hydrocarbon; LPAH = low molecular weight polycyclic aromatic hydrocarbon 
U = undetected values listed at reporting limit; DNR = do not report, use results for original ID-000-MIX sample; * = ID-000-MIX-D normalized using TOC 
from ID-000-MIX 
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Table 3–2.  Total Petroleum Hydrocarbon Results 

SampleID Collection 
Date 

Motor Oil 
(mg/kg) 

LQ VQ Diesel Range 
Hydrocarbons 

(mg/kg) 

LQ VQ 

ID-100-15-21-SD 1/8/09 21    9.1    

ID-101-8-14-SD 1/8/09 150    85    

ID-102-9-15-SD 1/8/09 410    280    

ID-103-11-17-SD 1/8/09 38    20    

ID-104-13-19-SD 1/8/09 3600    5400    

ID-106-13-19-SD 1/8/09 2600    3600    

ID-107-8-14-SD 1/8/09 3100    4000    

ID-108-12-18-SD 1/8/09 94    42    

ID-000-MIX 1/29/09 330    360    

ID-000-MIX-D1 1/29/09 240  DNR 260  DNR 

ID-000-MIX-D2 1/29/09 230  DNR 230  DNR 

ID-000-MIX-D3 1/29/09 210  DNR 210  DNR 

SB-REF-ID-01 1/29/09 13 U U 6.6 U U 

SB-REF-ID-02 1/29/09 12 U U 6.2 U U 

3.2 Sediment Conventionals 

The results of the sediment conventionals are listed in Table 3–3.  Intertidal sediments consisted 
primarily of gravel and sand.  Gravel constituted from 12.1 to 34.6 percent of the grain size 
fraction.  Sand constituted 63.7 to 85.8 percent of grain size fraction.  Total fines had a 
maximum concentration of 3.8 percent at ID-104-13-19-SD.   

TOC concentrations range from 1.35 to 5.57 percent dry weight (DW).  Though no definitive 
pattern was present, locations with higher concentrations of TPH tended to have greater TOC 
concentrations.   

Total sulfide concentrations ranged from 4.26 to 2,170 mg/kg DW.  The highest total sulfides 
concentration was found at location ID-101-8-14-SD, while the lowest was ID-106-13-19-SD.  
Ammonia concentrations were more consistent.  Ammonia was undetected in four of the 
intertidal samples.  Detected concentrations ranged from 0.13 to 0.6 mg-N/kg DW. 

The reference sediment had a lower percentage of the gravel grain size fraction, but 
concentrations of total fines in the reference sediment fell within the same range as the intertidal 
samples.  TOC was lower in the reference sediment, averaging 0.3 percent TOC.  Reference 
ammonia concentrations were higher than the intertidal sediment, averaging 3.6 mg-N/kg DW. 
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Table 3–3.  Sediment Conventional Parameters 

SampleID ID-100-15-
21-SD 

ID-101-8-
14-SD 

ID-102-9-
15-SD 

ID-103-
11-17-SD 

ID-104-13-
19-SD 

ID-106-13-
19-SD 

Collection Date 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 1/8/2009 

Total Organic Carbon (%) 2.03 4.16 3.41 1.35 5.57 3.91 

Total Volatile Solids (%) 1.75 6.94 9.32 3.07 3.81 4.56 

Total Solids (%) 77.2 69.8 71 72.7 73.1 74.2 

Preserved Total Solids (%) 75.1 68.9 70.2 75.6 70 68.7 

N-Ammonia (mg-N/kg) 0.61 0.21 0.6 0.13 0.13 0.13 

Sulfide (mg/kg) 343 2170 742 13 706 4.26 

Grain Size (%) 
Gravel 17.6 29.3 18 16 20 14.3 

Very Coarse Sand 10.3 10.3 18.3 4.2 15.8 11.1 

Coarse Sand 15.4 15 14.1 15.4 17.5 18.2 

Medium Sand 35.5 22.8 24.1 41.6 29.7 33.3 

Fine Sand 14.5 11.5 19.4 20.1 11.3 17.1 

Very Fine Sand 3.3 4.1 4.5 1.9 1.9 3.3 

Total Fines 3.4 7 1.7 1 3.8 2.7 

SampleID ID-107-8-
14-SD 

ID-108-12-
18-SD 

ID-000-
MIX 

SB-REF-
ID-01 

SB-REF-
ID-02 

Collection Date 1/8/2009 1/8/2009 1/29/2009 1/29/2009 01/29/09 

Total Organic Carbon (%) 4.81 2.82 4.26 0.232 0.354 

Total Volatile Solids (%) 4.68 1.79 1.95 0.74 0.79 

Total Solids (%) 74.1 70.7 74.6 76.6 73.3 

Preserved Total Solids (%) 70.8 74.6  76.7 74.5 

N-Ammonia (mg-N/kg) 0.16 0.13 0.32 4.68 2.57 

Sulfide (mg/kg) 299 498  1.5 1.33 

Grain Size (%) 
Gravel 34.6 12.1 14.1 0.7 0.5 

Very Coarse Sand 10.1 4.3 4.7 0.7 0.8 

Coarse Sand 18 17.9 17 7.7 3.7 

Medium Sand 26.1 51.1 41.4 54.4 55.5 

Fine Sand 9.1 11.1 18.7 32 37.6 

Very Fine Sand 1.2 1.4 2 3.5 0.9 

Total Fines 0.9 2 2 0.9 0.9 
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3.3 Biological Testing Results 

The biological testing was performed on a total of five sediment samples from the intertidal area 
of the Irondale site (Table 3–4) and two reference sediments (Sequim Bay).  The bioassays 
conducted included the following: 

• 10-day amphipod mortality (Eohaustorius estuarius), 
• 48-hour larval development (Mytilus sp.),  
• 20-day juvenile polychaete growth (Neanthes arenaceodentata), and 
• 15-minute Microtox bioluminescence (Vibrio fischeri). 

NewFields (Port Gamble, WA) conducted the amphipod mortality, larval development, and 
juvenile polychaete growth bioassays.  Nautilus Environmental (Fife, WA) conducted the 
Microtox bioluminescence bioassay.  The following sections summarize the results of the 
confirmatory biological testing.  The bioassay laboratory reports are provided in Appendix C. 

3.3.1 Bioassay Water Quality Results 

The water quality test condition protocols and summary of daily measurements are presented in 
Table 3–4.  The temperature, salinity, DO, and pH were all within control limits and acceptable 
ranges throughout the tests, with one minor exception.  The salinity exceeded the control limits 
for the juvenile polychaete growth bioassays.  However, this water quality deviation is not 
believed to have had a significant effect on the test results.  Water quality is not monitored as 
part of the Microtox bioluminescence bioassay as the 100 percent porewater extract of the 
sediment sample is pH, dissolved oxygen, and salinity-adjusted prior to testing.   

The water quality measurements for ammonia (interstitial and overlying) and sulfides 
(interstitial) are presented in Table 3–5.  The total ammonia and sulfide concentrations were all 
below levels of potential concern in bioassay test results (DMMP 2002; DMMP 2004).  Based on 
the water quality measurements, there is no reason to believe there were any adverse effects on 
test organisms due to laboratory test conditions.  



Data Report Irondale Intertidal Sediment Quality Investigation 

Page 14 DRAFT April 14, 2009  

Table 3–4.  Water Quality Test Results Compared to Test Control Limits 

Test 
(Test Species) 

Control Limits/ 
Test Results 

Temperature Salinity DO pH3 

Control Limits 15 ± 1°C 28 ± 2 ppt n/a2 --- Amphipod Mortality 
(E. estuarius) Test Results1 15.3 to 16.4 °C 26 – 29 ppt 6.7-8.7 mg/L 7.6 – 8.3 

Control Limits 16 ± 1°C 28 ± 1 ppt >60% saturation --- Larval Development  
(M. galloprovincialis) Test Results1 15.2 to 16.7 °C 27 – 28 ppt 6.9 – 9.3 mg/L 7.3 – 8.0 

Control Limits 20 ± 1°C 28 ± 2 ppt n/a2 --- Juvenile Polychaete 
Growth 

(N. arenaceodentata) Test Results1 19.3 to 21.1°C 26 – 32 ppt 6.1 – 7.8 mg/L 7.4 – 8.2 

Microtox 
Bioluminescence 

 (V. fischeri) 

n/a4 15 °C4,5 20 ± 2 ppt4 50 – 100% 
saturation4 

7.9 – 8.24 

Source: Ecology 2008. 
ppt = parts per thousand; n/a = not applicable 
1. Water quality test results are for reference and test sediment parameters only; does not include negative control 

results. 
2. Continuous aeration is required by the protocol, so the DO should not be a cause of concern. 
3. pH is required for water quality monitoring but does not have explicit control limits. 
4. The 100 percent porewater extract of the sediment sample is adjusted for temperature, pH, dissolved oxygen, 

and salinity.  
5. Temperature is maintained at 15°C in an incubator during testing. 
 

Table 3–5.  Water Quality Measurements of Total Ammonia and Sulfides 

Test 
(Test Species) 

Batch Interstitial Ammonia 
Total NH3 (mg/L) 

Overlying Ammonia 
Total NH3 (mg/L) 

Sulfides 
(mg/L) 

Amphipod Mortality 
(E. estuarius) 

1 <0.5– 3.871 <0.5 – 1.991 0.072 – 1.652 

Larval Development 
(M. galloprovincialis) 

1 n/a <0.5 <0.01 – 0.0913 

Juvenile Polychaete 
Growth 

(N. arenaceodentata) 

1 <0.5 – 4.181 <0.5 – 13.81 0.087 – 0.7202 

Microtox Bioluminescence 
 (V. fischeri) 

1 n/a n/a n/a 

n/a = not applicable 
1. Highest two concentrations of ammonia were measured in reference sediment samples 
2. Sulfides measurement is interstitial water. 
3. Sulfides measurement is overlying water. 
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3.3.2 Negative Control and Reference Sediment Performance Results 

The reference sediments are used in comparison with test sediments for interpreting the results of 
the bioassays.  Two locations, from Sequim Bay were sampled for comparison to the test 
sediments collected for the Irondale Intertidal Sediment Characterization.  Sequim Bay is 
recognized as a suitable reference area for the collection of sediments for interpreting bioassay 
results.   

The percent fines, the total of the silt and clay grain size fractions, are used for paring the 
appropriate reference sediment with a given test sediment (Table 3–6).  Since all the test 
sediments and reference sediments had less than 7 percent fines, either reference sediment is 
deemed suitable for comparison and result interpretation.  The TOC results for reference and test 
sediments are included in Table 3–6 for comparison. 

The performance results of the negative control and reference sediments for each bioassay are 
presented in Table 3–7.  The negative control performance standards were met for all four 
bioassays.  Therefore, the test results for the amphipod mortality, larval development, and 
juvenile polychaete bioassays should be considered valid for the purposes of the SMS 
confirmatory biological tests.  The interpretation of the amphipod mortality, larval development, 
and juvenile polychaete growth bioassays are presented in Tables 3–9, 3–10, and 3–11, 
respectively.  One of the reference sediments (SB-REF-ID01) did not meet the performance 
criteria for the Microtox bioassay; therefore all the results of this test are compared to SB-REF-
ID02.  The interpretation of the Microtox bioluminescence bioassay results are presented in 
Section 3.3.7, Microtox Bioluminescence Bioassay. 

Table 3–6.  Grain Size and TOC Results for Determining Reference Sediments 
Comparisons 

Sample ID Percent Fines 
(silt + clay) 

TOC (%) Reference Sediment for 
Comparison1 

Reference 
SB-REF-ID-01 

0.9 0.232 n/a 

Reference 
SB-REF-ID-02 

0.9 0.354 n/a 

ID-100 3.4 2.03 Either Reference 

ID-101 7.0 4.16 Either Reference 

ID-102 1.7 3.41 Either Reference 

ID-108 2.0 2.82 Either Reference 

ID-MIX 2.0 4.26 Either Reference 
1. Due to the similar physical nature of the reference sediments and test sediment relative to percent fines, either 

reference can be used for comparison with test sediments.  It should be noted that the reference sediment 
samples had notably lower concentrations of TOC, but should not affect the overall interpretation of the test 
sediment bioassay results. 
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Table 3–7.  Negative Control Performance Standards and Test Results 

Test 
(Test Species) 

Negative Control 
Performance Standard 

Reference Sediment  
Performance Standard 

Amphipod Mortality 
(E. estuarius) 

MC ≤ 10% 0% MR ≤ 25% SB-REF-ID01: 10% 
SB-REF-ID02: 4% 

Larval Development 
(M. galloprovincialis) 

NC ÷ I ≥ 0.70 0..958 NR ÷ NC ≥ 65% SB-REF-ID01: 84.4% 
SB-REF-ID02: 88.5% 

Juvenile Polychaete 
Growth 

(N. arenaceodentata) 

MC ≤ 10% 
and 

MIGC ≥ 0.381 

0%; 
0.86 

MIGR ÷ MIGC 
≥0.80 

SB-REF-ID01: 1.15 
SB-REF-ID02: 1.16  

Microtox Bioluminescence 
(V. fischeri) 

MC > 80%2 82-85%3 MR> 80%2 SB-REF-ID01: 66-77% 

SB-REF-ID02: 109-115% 
Bold Font: Performance criteria not met 
M = mean mortality; N = mean normal development survival in seawater control; I = initial count (250);  
MIG = mean individual growth rate (mg/individual/day) 
Subscripts: R = reference; C = negative control 
1. Target MIGc is 0.72 mg/individual/day; the test is considered to be failed if the Control MIG is less than 0.38 

mg/individual/day. 
2. Percent mean light output of final control or reference relative to initial control or reference. 

3.3.3 Positive Control Results 

The results of the reference toxicant tests for the bioassays are provided in Table 3–8.  The LC50 
values for all the bioassays fell within the acceptable range of mean ± two standard deviations 
for historical reference toxicant data generated by the NewFields Northwest biological laboratory 
for the amphipod mortality, larval development, and juvenile polychaete growth bioassays; and 
Nautilus Environmental for the Microtox bioassay.  The reference toxicant results indicate the 
test organisms appeared to be sufficiently sensitive for demonstrating a toxic response and 
sufficiently robust for laboratory testing.  The reference control charts with both the current and 
running means and standard deviations are provided in Appendix C. 

Table 3–8.  Reference Toxicant Results 

Test 
(Test Species) 

Reference 
Toxicant 

Endpoint Test 
Batch 

LC50 Laboratory Historical 
Range (mean ± 2SD) 

Amphipod Mortality 
(E. estuarius) 

Cadmium 
chloride 

96-hour 
survival 

1 6.3 mg/L Cd 4.6 – 12.7 mg/L Cd 

Larval Development 
(M. galloprovincialis) 

Copper 
chloride 

normality 1 11.3 µg/L Cu 3.9 – 16.7 µg/L Cu 

Juvenile Polychaete Growth 
(N. arenaceodentata) 

Cadmium 
chloride 

96-hour 
survival  

1 9.9 mg/L Cd 2.9 – 17.3 mg/L Cd 

Microtox Bioluminescence
(V. fischeri) 

Phenol luminescence 1 33.0 mg/L 
phenol 

26.9 – 71.1 
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3.3.4 Amphipod Mortality Bioassay 

The amphipod mortality tests were initiated on February 10, 2009, using test organisms  
(E. estuarius) obtained from Northwest Aquatic Sciences, Newport, OR.  The results of the 
amphipod mortality bioassay are presented in Table 3–9.  The amphipod mean mortality ranged 
from 1 to 85 percent in the test sediments.  One of the test sediments (ID-MIX) failed both the 
SMS SQS and CSL biological effects interpretive criteria for the amphipod mortality bioassay. 

Table 3–9.  Amphipod Mortality Bioassay (E. estuarius) Results and Evaluation Guidelines 

Comparison to Reference4 SQS CSL 

MT – MR >25%  
and 

MT vs. MR SD 
(p = 0.05) 

MT – MR >30% 
and 

MT vs. MR SD 
(p = 0.05) 

Sample ID Percent 
Mortality1 

Mean 
Mortality2 

Reference 
Sediment3 MT – 

MR; 
MT vs. MR SD; 

p = 0.05: 
significant? 

(test) 
Pass/Fail Pass/Fail 

Control 0 
0 
0 
0 
0 

0 ± 0.0 n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID01 

20 
10 
0 
15 
5 

10 ± 7.9 n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID012 

10 
0 
0 
0 
10 

4 ± 5.5 n/a n/a n/a n/a n/a 

ID-100 0 
5 
5 
0 
0 

2 ± 2.7 SB-REF-ID02 -2 No5; 
(Approximate t-test) 

Pass Pass 

ID-101 0 
10 
5 
0 
0 

3 ± 4.5 SB-REF-ID02 -1 No; 
(Mann-Whitney) 

Pass Pass 

ID-102 0 
20 
10 
5 
5 

8 ± 7.6 SB-REF-ID02 4 No;  
(Student’s t-test) 

Pass Pass 

ID-108 0 
5 
0 
0 
0 

1 ± 2.2 SB-REF-ID02 -3 No5; 
(Approximate t-test) 

Pass Pass 
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Table 3–9.  Amphipod Mortality Bioassay (E. estuarius) Results and Evaluation Guidelines 
(Continued) 

Comparison to Reference4 SQS CSL 

MT – MR >25%  
and 

MT vs. MR SD 
(p = 0.05) 

MT – MR >30% 
and 

MT vs. MR SD 
(p = 0.05) 

Sample ID Percent 
Mortality1 

Mean 
Mortality2 

Reference 
Sediment3 MT – 

MR; 
MT vs. MR SD; 

p = 0.05: 
significant? 

(test) 
Pass/Fail Pass/Fail 

ID-MIX 70 
95 
75 
95 
90 

85 ± 11.7 SB-REF-ID02 81 Yes; 
(Mann-Whitney) 

Fail Fail 

M = mortality; SD = statistically different; Pass = meet SMS interpretive criteria; 
Fail = exceed SMS interpretive criteria; n/a = not applicable 
Subscripts: R = reference; C = negative control; T = test sediment 
 Pale yellow shading indicates an SQS failure 
 Rose shading indicates a CSL failure 
 
1. Percent mortality observed in individual replicates. 
2. Mean percent mortality ± standard deviation observed in test sample. 
3. Reference, background, or control sediment used for comparison.  Since the reference sediments were 

comparable, the one which performed best, in this case SB-REF-ID02, was used for comparative purposes as a 
conservative measure. 

4. Comparison to reference includes the numeric result for the comparative criteria, the result of the statistical test, 
and the statistical test used.  All statistics were conducted using BioStat (DMMP/SMS Bioassay Statistics 
Program; Beta v4.1).  All amphipod mortality data were arcsine transformed for statistical analysis, unless noted 
otherwise. 

5. Rankit transformation used due to non-normality and non-homoscedasticity. 
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3.3.5 Larval Development Bioassay 

The larval development tests were initiated on February 13, 2009, using test organisms (Mytilus 
galloprovincialis) provided by Carlsbad Aquafarms, Carlsbad, CA.  The results of the larval 
development bioassay are presented in Table 3–10.  The results for the larval development 
bioassay ranged from 11.0 to 95.7 mean percent normal survival for the test sediments.  Two of 
the seventeen test sediments failed the CSL criteria when compared to the reference sediment 
SB-REF-ID02, whereas only one failed the CSL when compared to the reference sediment SB-
REF-ID01.  A total of 3 test sediments fail the SQS when compared to the reference sediment 
SB-REF-ID02.  

Table 3–10.  Batch 1: Larval Development Bioassay (Mytilus sp.) Results and Evaluation 
Guidelines 

Comparison to Reference4 SQS CSL 

NT  vs. NR SD 
(p = 0.10); 

NT ÷ NR <0.85; 

NT vs. NR SD 
(p = 0.10); 

NT ÷ NR <0.70; 

Sample ID Percent 
Normal 

Survival1  

Mean 
Normal 

Survival2 
 

Reference 
Sediment3 NT ÷ NR NT  vs. NR SD; 

p = 0.10: 
significant? 

(test) Pass/ Fail Pass/ Fail 

Sea Water 
Control2,5 

94.0 
93.2 
88.4 

100.0 
100.0 

95.1 ± 4.9 n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID01 

80.6 
82.7 
75.2 
95.2 
88.1 

84.4 ± 7.6 n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID02 

95.2 
85.2 
86.9 
79.4 
95.7 

88.5 ± 7.0 n/a n/a n/a n/a n/a 

ID-100 88.1 
95.2 

100.0 
100.0 
95.2 

95.7 ± 4.9 SB-REF-
ID02 

1.08 No; (Approximate 
t-test) 

Pass Pass 

ID-101 12.1 
13.8 
7.5 

12.5 
9.2 

11.0 ± 2.6 SB-REF-
ID02 

0.12 Yes; 
(Approximate 

t-test) 

Fail Fail 
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Table 3–10.  Batch 1: Larval Development Bioassay (Mytilus sp.) Results and Evaluation 
Guidelines (Continued) 

Comparison to Reference4 SQS CSL 

NT  vs. NR SD 
(p = 0.10); 

NT ÷ NR <0.85; 

NT vs. NR SD 
(p = 0.10); 

NT ÷ NR <0.70; 

Sample ID Percent 
Normal 

Survival1  

Mean 
Normal 

Survival2 
 

Reference 
Sediment3 NT ÷ NR NT  vs. NR SD; 

p = 0.10: 
significant? 

(test) Pass/ Fail Pass/ Fail 

ID-102 69.3 
60.2 
74.8 
91.9 
73.5 

73.9 ± 11.6 SB-REF-
ID02 

0.84 Yes; 
(Students t-test) 

Fail Pass 

ID-108 77.7 
81.0 
81.0 
79.8 
78.9 

79.7 ± 1.4 SB-REF-
ID02 

0.90 Yes; 
(Approximate  

t-test) 

Pass Pass 

ID-MIX 55.1 
52.2 
76.4 
51.0 
66.8 

60.3 ± 11.0 SB-REF-
ID02;  

(SB-REF-
ID01)5  

0.68; 
(71.4)5 

Yes; 
(Students t-test)6 

Fail Fail; 
(Pass)5 

N = normal development; SD = statistically different; n/a = not applicable 
Subscripts: R = reference; T = test sediment 
 Pale yellow shading indicates an SQS failure 
 Rose shading indicates a CSL failure 
 Light blue shading indicates a discrepancy between the interpretive comparisons 
 
1. Percent normal survivors observed in individual replicates. 
2. Mean percent normal survivors ± standard deviation observed in test sample. 
3. Reference, background, or control sediment used for comparison.  Since the reference sediments were 

comparable, the one which performed best, in this case SB-REF-ID02, was used for comparative purposes as a 
conservative measure. 

4. Comparison to reference includes the numeric result for the comparative criteria, the result of the statistical test, 
and the statistical test used.  All statistics were conducted using BioStat (DMMP/SMS Bioassay Statistics 
Program; Beta v4.1).  All larval development data were arcsine transformed for statistical analysis, unless 
indicated otherwise. 

5. The test sediment ID-MIX was compared to both reference sediments due to the fact it fails the CSL 
interpretive criteria when compared to SB-REF-ID02, but passes when compared to SB-REF-ID01. 

6. Statistical outcome was the same for both reference sediment comparisons. 
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3.3.6 Juvenile Polychaete Growth Bioassay 

The juvenile polychaete growth tests were initiated on February 12, 2009, using the test 
organism (N. arenaceodentata) obtained from Dr. Donald Reish, California State University, 
Long Beach, CA.  The results of the juvenile polychaete growth bioassay are presented in Table 
3–11.  The results of the juvenile polychaete growth bioassay ranged from 0.563 to 0.767 mean 
individual growth (mg/individual/day) for the test sediments.  One of the five test sediments (ID-
MIX) failed the SQS biological interpretive criteria for the juvenile polychaete growth test.  All 
of the test sediments met the CSL biological interpretive criteria for the juvenile polychaete 
growth test.   

Table 3–11.  Juvenile Polychaete Growth Bioassay (N. arenaceodentata) Results and 
Evaluation Guidelines 

Comparison to Reference4 SQS CSL 

MIGT vs. MIGR 
SD 

(p = 0.05); 
MIGT/MIGR 

<0.70 

MIGT vs. MIGR 
SD 

(p = 0.05); 
MIGT/MIGR 

<0.50 

Sample ID MIG 1 Mean 
MIG2 

Reference 
Sediment3 MIGT/

MIGR 
MIGT vs. MIGR 

SD; 
p = 0.05: 

significant?; 
(test) 

Pass/ Fail Pass/ Fail 

Negative 
Control 

0.840 
0.866 
0.834 
1.019 
0.731 

0.858 ± 
0.10 

n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID01 

0.899 
1.041 
0.861 
1.107 
1.023 

0.986 ± 
0.10 

n/a n/a n/a n/a n/a 

Reference 
SB-REF-

ID02 

1.258 
1.157 
0.887 
0.914 
0.743 

0.992 ± 
0.21 

n/a n/a n/a n/a n/a 

ID-100 0.625 
0.564 
0.809 
0.726 
0.881 

0.721 ± 
0.13 

SB-REF-ID02 0.72 Yes; 
(Student’s t-test) 

Pass Pass 

ID-101 0.773 
0.715 
0.787 
0.715 
0.845 

0.767 ± 
0.05 

SB-REF-ID02 0.77 Yes; 
(Approximate  

t-test) 

Pass Pass 
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Table 3–11.  Juvenile Polychaete Growth Bioassay (N. arenaceodentata) Results and 
Evaluation Guidelines (Continued) 

Comparison to Reference4 SQS CSL 

MIGT vs. MIGR 
SD 

(p = 0.05); 
MIGT/MIGR 

<0.70 

MIGT vs. MIGR 
SD 

(p = 0.05); 
MIGT/MIGR 

<0.50 

Sample ID MIG 1 Mean 
MIG2 

Reference 
Sediment3 MIGT/

MIGR 
MIGT vs. MIGR 

SD; 
p = 0.05: 

significant?; 
(test) 

Pass/ Fail Pass/ Fail 

ID-102 0.712 
0.679 
0.959 
0.556 
0.774 

0.736 ± 
0.15 

SB-REF-ID02 0.74 Yes; 
(Student’s t-test) 

Pass Pass 

ID-108 0.746 
0.775 
0.853 
0.720 
0.647 

0.748 ± 
0.08 

SB-REF-ID02 0.75 Yes; 
(Approximate  

t-test) 

Pass Pass 

ID-MIX 0.556 
0.655 
0.614 
0.514 
0.477 

0.563 ± 
0.07 

SB-REF-ID02 0.57 Yes; 
(Approximate  

t-test) 

Fail Pass 

MIG = mean individual growth rate (mg/individual/day); SD = statistically different; n/a = not applicable 
Subscripts: R = reference; T = test sediment 
 Pale yellow shading indicates an SQS failure 
 
1. Mean individual growth per replicate (mg/individual/day). 
2. Mean individual growth ± standard deviation for sample (mg/individual/day). 
3. Reference sediment used for comparison.  Since the reference sediments were comparable, the one which 

performed best, in this case SB-REF-ID02, was used for comparative purposes as a conservative measure. 
4. Comparison to reference includes the numeric result for the comparative criteria, the result of the statistical test, 

and the statistical test used.  All statistics were conducted using BioStat (DMMP/SMS Bioassay Statistics 
Program; Beta v4.1).  All juvenile polychaete growth data were log10 transformed for statistical analysis unless 
otherwise noted.  
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3.3.7 Microtox Bioluminescence Bioassay 

The Microtox bioluminescence bioassays were run in two different batches on February 10, 
2009, at the Nautilus Environmental biological laboratory, in Fife, WA, using the test organism 
(V. fischeri) obtained from Strategic Diagnosis, Inc.  The results of the Microtox bioassay are 
presented in Table 3–12.  The results of the Microtox bioluminescence bioassay ranged from 
0.87 to 1.10 mean change in light output after 15 minutes for the test sediments.  None of the five 
test sediments passed the SQS biological interpretive criteria for Microtox bioluminescence test.  
No SMS criteria exist for CSL comparison using Microtox data.   

Table 3–12.  Microtox Bioluminescence Bioassay (V. fisheri) Results and Evaluation 
Guidelines 

Comparison to Reference4 SQS5 

TI15 vs. RI15 SD 
(p = 0.05); 

TI15/RI15 <0.80 

Sample ID I15
1 Mean I15

2 Reference 
Sediment3 TI15/RI15 TI15 vs. RI15 SD; 

p = 0.05: 
significant?; 

(test) Pass/ Fail 

Batch 1 
Negative 
Control 

0.90 
0.92 
0.99 
1.04 
0.96 

0.96 n/a n/a n/a n/a 

Reference 
SB-REF-

ID01 

0.68 
0.76 
0.77 
0.77 
0.68 

0.67 n/a n/a n/a n/a 

Reference 
SB-REF-

ID02 

1.12 
0.98 
0.99 
0.96 
1.10 

0.94 n/a n/a n/a n/a 

ID-100 1.25 
1.05 
1.11 
1.04 
1.07 

1.10 SB-REF-
ID02 

1.17 No; 
 (Student’s  

t-test) 

Pass 

ID-101 0.94 
0.95 
0.93 
1.09 
0.86 

0.98 SB-REF-
ID02 

1.04 No; 
 (Student’s  

 t-test) 

Pass 

ID-102 1.12 
1.00 
0.92 
0.97 
1.03 

0.99 SB-REF-
ID02 

1.05 No; 
(Student’s  

t-test) 

Pass 
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Table 3–12.  Microtox Bioluminescence Bioassay (V. fisheri) Results and Evaluation 
Guidelines (Continued) 

Comparison to Reference4 SQS5 

TI15 vs. RI15 SD 
(p = 0.05); 

TI15/RI15 <0.80 

Sample ID I15
1 Mean I15

2 Reference 
Sediment3 TI15/RI15 TI15 vs. RI15 SD; 

p = 0.05: 
significant?; 

(test) Pass/ Fail 

Batch 2 
Negative 
Control 

0.97 
0.91 
0.86 
0.91 
0.98 

0.93 n/a n/a n/a n/a 

Reference 
SB-REF-

ID01 

0.60 
0.61 
0.62 
0.60 
0.64 

0.63 n/a n/a n/a n/a 

Reference 
SB-REF-

ID02 

0.92 
0.89 
0.97 
0.94 
0.90 

0.91 n/a n/a n/a n/a 

ID-108 0.84 
0.84 
0.80 
0.86 
0.80 

0.91 SB-REF-
ID02 

1.00 Yes; 
(Student’s  

t-test) 

Pass 

ID-MIX 0.78 
0.82 
0.85 
0.76 
0.78 

0.87 SB-REF-
ID02 

0.96 Yes; 
(Student’s  

t-test) 

Pass 

I = change in light output; I15= change in light output after 15 minutes; T =Test sediment; R = Reference sediment 
SD = statistically different; n/a = not applicable 
 
1. Replicate change in light output after 15 minutes. 
2. Mean change in light output after 15 minutes ± standard deviation for sample. 
3. Reference sediment used for comparison as selected by laboratory.  Since the reference sediments were 

comparable, the one which performed best, in this case SB-REF-ID02, was used for comparative purposes as a 
conservative measure. 

4. Comparison to reference includes the numeric result for the comparative criteria, the result of the statistical test, 
and the statistical test used.  All statistics were conducted using BioStat (DMMP/SMS Bioassay Statistics 
Program; Beta v4.1).  All Microtox data were arcsine transformed for statistical analysis, unless indicated 
otherwise. 

5. No SMS criteria exist for CSL comparison using Microtox data. 
6. Data may be skewed due to excessive turbidity in the sample. 



Irondale Intertidal Sediment Quality Investigation Data Report 

April 14, 2009 DRAFT Page 25 

3.3.8 Summary of Bioassay Results 

A summary of the results for the suite of four bioassays is presented in Table 3–13.  If all four 
bioassays pass the SMS biological interpretive criteria (SQS and CSL), the location is considered 
to have passed the SMS standards.  If one of four bioassays fails the SQS biological interpretive 
criteria, the location is considered to have failed SMS SQS criteria.  If two or more bioassays fail 
the SQS biological interpretive criteria or one or more bioassays fail the CSL biological 
interpretive criteria, the location is considered to have failed the SMS CSL criteria.  As a result 
of the biological testing, two of the five locations passed the SMS criteria, one location failed the 
SQS criteria, and two locations failed the CSL criteria.  The summary table defaults to the more 
conservative interpretation for the final SMS determination. The TPH concentration for each test 
sediment is also included in Table 3–13.   

Table 3–13.  Summary of Bioassay Results 

Station 
ID 

Amphipod 
Mortality 

Larval 
Development 

Juvenile 
Polychaete 

Growth 

Microtox 
Bioluminescence

SMS Results1 TPH 
Concentration 

ID-100 Pass Pass  Pass Pass Pass  30.1 

ID-101 Pass Fails CSL Pass Pass Fails CSL 235 
ID-102 Pass Fails SQS Pass Pass Fails SQS 690 

ID-108 Pass Pass  Pass Pass Pass  136 

ID-MIX Fails CSL Fails CSL Fails SQS Pass Fails CSL 4602 

 
 Pale yellow shading indicates an SQS failure 
 Rose shading indicates a CSL failure 
 Light blue shading indicates a discrepancy between the interpretive comparisons 
 
The SMS results column provides a summary of the results for the suite of three bioassays.  ‘Pass’ indicates all four 
bioassays pass the SMS biological interpretive criteria.  If one of four bioassays fails the SQS biological interpretive 
criteria, the location fails SQS.  If two or more bioassays fail the SQS biological interpretive criteria or one or more 
bioassays fail the CSL biological interpretive criteria, the location fails the CSL. 
 
The TPH concentration for ID-MIX is the mean of three replicate analyses with TPH concentrations of 420, 460, 
and 500. 
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4.0 MTCA Cleanup Standard for TPH in Soil 

The major component of this study was to characterize the nature and extent of intertidal 
sediment contamination at Irondale through the use of the SMS interpretive criteria.  In addition, 
a toxicological investigation was conducted to determine any potential adverse impacts to 
benthic biota from TPH contamination.  The results of the toxicological investigation were used 
to determine whether the MTCA cleanup standard for TPH in soil (2000 mg/kg) is also 
protective of benthic invertebrates.  

None of the intertidal sediment had contaminant concentrations that exceeded the SMS 
interpretive criteria.  Sediment samples were submitted for biological testing with TPH 
concentrations ranging from 30.1 to 690 mg/kg.  The three samples with observable toxic effects 
had TPH concentrations ranging from 235 to 690 mg/kg.  The two samples that passed all four 
bioassay tests had TPH concentrations ranging from 30.1 to 136 mg/kg, the lowest two 
concentrations of the sediments submitted for biological testing.  Therefore, the results of the 
toxicity testing are consistent relative to the fact that effects were observed at higher 
concentrations and no effects were observed at lower concentrations.  Based on the results of this 
site-specific dataset, the No Observable Effect Concentration for TPH would be 136 mg/kg.  
Based on these data, a TPH concentration of 136 mg/kg or less in intertidal sediments would not 
be expected to have an adverse impact to benthic receptors, whereas for a TPH concentration of 
235 mg/kg or greater observable adverse impacts to benthic receptors would be expected. 

Therefore, the MTCA cleanup standard for soil is not sufficiently protective of benthic 
invertebrates.  Intertidal sediments with TPH concentration less than 136 mg/kg should be 
considered protective of benthic invertebrates based on the results of this investigation. 
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Please find enclosed original Chain-of-Custody (COC) record, sample receipt
documentation, and the data package for samples from the project referenced above.

Sample receipt and details of these analyses are discussed in the Case Narrative.

Please note that current ARI control limits are available at www.arilabs.com.

An electronic copy of this package will remain on file with ARl. Should you have any
questions or problems, please feel free to contact me at your convenience.

Sincerely,

AN4cITtCAL RESOU RCES, I NC.
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Susan D. Dunnihoo
Client Services Manager
206-695-6207
sue@arilabs.com
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Analytical Resources, lncorporated
Analytical Chemists and Consultants

Skr(_

Gooler Receipt Form

Project Name:ARl Client:

COC No:

Cooler Accepted by:

Delivered by:

Tracking No:

Preliminary Examination Phase:

Were intact, properly signed and dated custody seals attached to the outside of to cooler?

Were custody papers included with the cooler?

Were custody papers properly filled out (ink, signed, etc.) .......

Record cooler temperature (recornmended 2.0-6.0 "C for chemistry .......5'2.,

51,+
Complete custody forms and attach all shipping documents

Date: I lQ I 0A time: 12\6
--.1--_r-

Log-ln Phase:

Was a temperature blank included in the cooler? YES') NO

What kind of packing material was used?

Was sufficient ice used (if appropriate)? ..........
Were ail bottles sealed in individual plastic bags?

Did all bottle arive in good condition (unbroken)?

Were all bottle labels complete and legible?

Did all bottle labels and tags agree with custody papers?

Were all bottles used correct for the requested analyses?

Do any of the analyses (bottles) require preservation? (attach preservation checklist) . . . . . .. YES

Were allVOC vials free of air bubbles? f<A ; YES
Was sufficient amount of sample sent in each bottle? . . .:.-YB,

NO

NO

NO

NO

NO

NO

/frb..
NO

NO

Samples Logged,by: Time: C'.2-<-,
"" Notify Project Manager of discrepancles or-concerns **

Explain discrepancies or negative responses:

By: Date:

0016F Cooler Receipt Form
#*4'F#,B$#ffi#+a
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Science Applications, Intl.

Project: Irondale Sediment Quality Investigation
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ANALYTICAL
RESOURCES
INCORPORATED

Case Narrative

Client: GeoEngineers
Project: Irondale Sediment Quality Investigation
Matrix: Sediment
ARI Job No.: OH26

Sample receipt

Ten sediment samples and one water sample were received on January 9,2009. The cooler
temperatures measured by IR thermometer following ARI SOP were 0.6, I .2, and 5.2'C.
The samples were received in good condition with no discrepancies in paperwork. Select

sample containers were archived upon receipt pending further instructions, as requested on

the COC. For further details regarding sample receipt, please refer to the Cooler Receipt

Form.

Semivolatiles by SW8270

The sample was extracted and analyzed within required holding times.

Initial and continuing calibrations were within limits.

The surrogate percent recoveries were within the control limits.

Benzyl Alcohol was present in the sample, the method blank, MB-011409, and the LCS,
LCS-011409 at levels that exceeded the calibration range of the instrument and/or fell
outside the control limits. This was due to contamination in the laboratory traced to
maintenance of the DI water system. As the sample was past the method recommended

holding time, no further corrective action was taken.

Bis(2-Ethylhexyl)phthalate was present in the method blank at a level that was greater than

the reporting limit. Since the sample was undetected for this compound, no further
corrective action was required.

Diesel/Motor Oil Ranee Hvdrocarbons bv WDOE NWTPH-Dx

The samples were extracted and extracts analyzed within required holding times.

Initial and continuing calibrations were within limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporting limits. The LCS percent recovery was within
the control limits.

Page I of2Case Narrative OH26



ANALYTICAL
RESOURCES
INCORPORATED

The matrix spike/matrix spike duplicate percent recoveries were within the advisory control
limits.

Total Metals

The sample was digested and analyzed within required holding times.

The method blank was clean at the detection limits. The LCS percent recoveries were

within the control limits.

General Chemistry Analyses

The samples was prepped and analyzed within required holding times.

The method blank was clean at the detection limits and the LCS percent recoveries were

within the control limits.

The SRM percent recoveries were within control limits.

The matrix spike percent recovery and the RPD of sulfide were outside the control limits for
sample ID-l02-9-15-SD due to lack of sample homogeneity. All other quality control
parameters were met for sulfide. No further corrective action was required.

Geotechnical Parameters

A laboratory specific narrative follows.

Page 2 of 2
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Jl EAnalytical Resources, Incorporated

-aU Analytical Chemists and Consultants

Client: Science Applications, Intl. Project No.: OH26

Client Project: lrondale Sediment Quality Investigation

Case Narrative

1. Ten samples were submitted for grain size analysis according to PSEP
methodology.

2. The samples were run in a single batch, and sample lD-108-12-18-SD was chosen
for triplicate analysis. The triplicate data is reported on the QA summary.

3. All of the samples, except lD-101-8-14-SD, did not contain the required 5 grams of
fines in the pipette portion of the analysis. Our balance has a capacity of about 200 g
(by 0.0001) and a sample that would give 5 g of fines could not be split and stay
within the capacity of the balance.

4. Samples PG-A1-24-5, PG-A1-10-S, PG-A1-07-S, PG-A1-03-S, PG-A1-01-S, PG-
A2-11-S, PG-A2-14-S, and PG-A4-OBB-S contained woody or other organic matter,
which may have broken down during the sieving process, affecting grain size
analysis.

5. Most of the samples contained shells and/or fragments of shells.
6. Samples lD-104-13-1g-SD, lD-106-13-1g-SD, and lD-107-8-14-SD contained a

sticky tar like substance which is inappropriate for the PSEP grain size test.
7. The data is provided in summary tables and plots.
B. There were no other noted anomalies in this project.

Approved by: 
-'f57

-Ga{rechnician
Date: 6,-t6rz@

4611 South 134th Place, Suite 100 . Tukwila WA 98168 . 206-695-6200 .#Effit-6m#ffiffi#



lnorganic Data

Data Reporting euat,ifiers
Effective 12t2BtO4

u Indicates that the target analyte was not detected at the reported concentration
* D'pricate RpD is not within estabrished contror rimits

B Reported varue is ress than the CRDL but > the ReportinE Limit
N Matrix Spike recovery not within estabtished contror timits

NA Not Appticable. anatyte not spiked

H The natural concentration of the spiked efement is so much greater than
fr::,"r?:tttion 

spiked that an accurate determination 
"f ;ilk" recovery is

L Analyte concentration is 55 times the Reporting Limit and the replicate control limitdefaults to +1 RL instead of the normal ZbU npO

Organic Data

u Indicates that the target analyte was not detected at the reported concentration
* Fragged varue is not within estabrished contror rimits

B Analyte detected in an associated Method Blank at a concentration greater thanone-half of ARI's Reporting Limit or sz- oilne regutatory limit or 5yo ofthe analyteconcentration in the sample_

J Estimated concentration when the value is tess than ARI's estabtished reporting

D The spiked compound was not detected due to sample extract dilution
NR spiked compound reaovery is not reported due.to chromatographic interference
E Estimated concentration calculated for an anatyte response above the validinstrument calibration range- A ditution is required to obtain an accuratequantification of the analyte-

S Indicates an anatlrte response that
concentration is not valid; a dilution
analyte

NA The flagged analyte was not anatyzed for

NS The flagged analyte was not spiked into the sample

the
not

has sattrrated the detector_ The calculated
is required to obtain valid quantification of the

EiF-H* "'ffi.85#*W*



M Estimated vatue for an analyte detected an{ co1fige_d by an anaryst but with fowspectrar match parameters_ This n"g i. ,ILi onry for cc_ias ,nafyses
M2 The sampte contains pCB 

_c_ongeners that do not match any standard Arocforpattern- The PcBs are identifi"o'""J q"""iiri.o 
", td;;;;o? nrr,or" pattern mostcrosefy matches that of the sampre_ Theirpo.t"o vafue is an estimate.N 

J::"ilJI:?,:f::t^[?JJ",;ffiJf;- anaryre ror which rhere is presumprive

Y 
rIff ,xT[:"''J:',S"f.x;i,x!:ffiiffi,:]:l"rorred concenrralr. In: reportins
U flag with a raised reporting limit. ence- The Y ftag is equivalent to the

c 
Inffi'{:#;.?',:Y""jlj9:"t'o"d on onfv one or two chromatosraphic corurnns.
cofumn 

r'q''rrL r'r(erfetence prevented a positive identificaiion on the second

P The analyte was detected o.n both chromatographic cofumns but the quantifiedvarues differ by'qoy" RpD with 
"" oo.rlo,rr'&"-..."tographic interference

Geotechnicat Data

The total of aft fines fractions- This ftag is used to_.,.eport totar fines when onrysieve anarysis is requested and batances-t"Lr g-r;.ize with sampfe we-ght_
sampres were frozen prior to particre size determination
sampte matrix was not approprialg for the requested analysis- This normalfyr9fe1s to sampfes contaminatei with 

?^ ;r;;l"JrL"* rhat interferes wrth rhesrevfng process andror moisture @ntent. pd;ih/ 
"IJ satu.auon carcurations

ff#31""11fl "T:il,T" [",r3,'r"portion 
orrines- required to perronp the pipe rte

A

F

SM

SS

W Weight of sampfe in some
accurate weighting plpette aliquots was below the tevel required for



1 1549-3 PCB 20 ACETONE 10t10/09
2 1472-3 BCOC PEST 10 ACETONE 07 t20to8
3 1517-1 PEST o2lo4l20 ACETONE 05t15/09
4 1561-2 LOW PEST 0.2t0.4t2 ACETONE ost15109
5 1537-1 EPH 1 500 MECL2 08/16/09
6 1559-2 PCP 12.5t125 ACETONE 11t05t09
7 1573-1 ABN 100 ACETONE 0B/01/09
8 1566-1 TBT 2.5 MECL2 12tO4t09
I 1567-3 PORE TBT .125t.25 MECL2 12tO4t09

10 1554-3 ABN ACID 1001200 MEOH 10t21t09
11 1563-3 TPHD 1 5000 \CETONE 11t20to9
12 1563-1 ABN BASE 200 \CETONE 06/30/09
13 1573-2 LOW PCB 2 \CETONE 10t10/09
14 1547-1 LOW ABN ACID 10t20 MEOH o4t10109
15* 1452-1 SIM PNA 15175 MEOH o4togt09
16 1502-2 DIOXANE 100 MEOH 02t20t09
17 1516-2 1248 PCB 20 ACETONE o5to7t09
18 1514-4 LOW SIM PNA 1.5n.5 ACETONE 04t24t09
19 1517-3 AK103 7500 MECL2 12t29t08
20 1572-2 PNA 100 ACETONE 2t26t09
21* 1414-4 SKY/BHT 100 MEOH 04/08/09
22 1570-1 HERB 12.5t12500 MEOH 02t19/09
23 1505-1 LOW ABN BASE 20 MEOH o3t20t09
24 1541-4 LOW ABN 10 ACETONE 08/01/09
25 1481-1 DIPHENYL 100 MEOH 07t20to8
26 1545-2 OP-PEST 25 MEOH 02t14t09
27 1495-1 STEROLS 200 MEOH 12t29t08
28 1494-1 ADD. PEST 4 ACETONE 01t23t09
29 1496-3 DECANES 100 MEOH o2t12to9
30 1497-2 EDB/DBCP 2 ACETONE 02t12t09
31 1510-3 TERPINEOL 100 MEOH o3t21t09

LCS SOLUTIONS
LABEISOLN IE TEST CONC. UG/MLSOLVENT EXP

12t30to8

Page 1
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32 1545-3 GUAIACOL 50-200 ACETONE 06/05/09
33 1522-1 RESIN ACID 250 ACETONE o6t11tog
34 1530-2 CONGENERS 1 ACETONE 07l23to9
50 1571-1 FULL RESIN 250 ACETONE o6t10109*=RE\ ERIFIET SOLUTION

LCS SOLUTIONS 12t30to8

Page2

##€ffi#: #ffi*#aH



SURR SOLUTIONS :zaotol

LABEL SOLN ID TEST CONC. UG/ML SOLVENT EXP.
A 1559-5 ABN 100/150 MEOH o3113/09
B 1572-1 SIM PNA 15175 MEOH o8t28t09
c 1559-1 SIM ABN 25137.5 MEOH 03113/09
D 1561-3 LOW PCB 0.2 ACETONE 07l31lo9
E* 1478-1 HERB 62.5 MEOH 09t21tog
F 1520-3 PCP 12.5 ACETONE 04t18/09
G 1534-1 l,4DIOXANE 100 MEOH o2l20l09
H 1545-1 OP-PEST 25 MEOH 02114109

1559-4 LOW S. PNA 1.5 MEOH 08l2Bl09
J 1566-5 TBT-PORE 0.125 MECL2 12tO4t09
K 1538-1 MED PCB 20 ACETONE 07l31lo9
L 1566-4 TBT 2.5 MECL2 12l04l09
M 1558-2 EPH 1 500 MECL2 09l24l09
N 1538-2 PCB 2 ACETONE 07l31lo9
o 1567-4 TPH 450 MECL2 09124109
P 1560-3 HCID 2250 MECL2 09124109
o 1497-3 EDB 2 ACETONE 02112109
R 1521-4 RESIN ACID 250 ACETONE 06111lo9
S 1568-5 PBDE .25 MEOH 12111109
T *reverifier solution
U
V
W
X
Y
Z

Page 1
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Data Summary Package
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Science Applications, Intl.

Project: Irondale Sediment Quality Investigation

ARI JOB NO: OH26

prepared
by

Analyticat Resources, Inc.
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ORGANICS AI{AIJYSIS DATA SHEET
SemivolaEiles by Sw8270D cClMS
Pacre I ot 2

Ai35fi:ri@
INCORPORATED

Sample fD: ID-104-R
SAIVTPLE

QC Report No: OH25-Science Applications, Int1.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

NA
Date Sampled: 01- /08/09

UaEe r<eCetVeO: UL/U9/49

SampJ-e Amount: 500 mL
Final Extract Vol-ume: 0.50 mL

Di]ution Factor: 1. 0O

Result

Lab Sample ID: OH26K
LfMS fD: 09-856
Matrlx: Water
Data Release Autho rizea-..4
Reported: oI/Ig/og ft/

Date Extracted. 0a/14/09
Date Ana]yzed: Oa/ 17 / 09 15 :44
fnstrumenE/Analyst : NT5/LJR

CAS Nunrber Analvt,e RL

ro8 -95 -2
rrl- 44 -4
95-57 -8
54L-7 3 -L
'1,06-46-7
100-51-6
95-50-1
95 -48 -7
108-60-1
1-06-44-5
521- 64 -'7
6'7 -72-1,
98-95-3
7I -59 -1,
88-75-5
IO5-67 -9
65-85-0
111- 91- 1
L20 -83 -2
1,20 -82 -r
9r-20 -3
'l_06-47 -8
87 -58 -3
59-50-7
9r-57 -6
77 -47 -4
88-06-2
95-95-4
91-58-7
88-74-4
131- 11- 3

208 -96 - I
99-09-2
83-32-9
51-28 -5
1_O0 -02 -7
)_5 Z - Oz1- v
606 -20 -2
LZL-r4-Z
84 -66 -2

Phenol
Bis- (2-Chforoethvl) Ether
2 -Chlorophenol-
1, 3 -Dichlorobenzene
1 , 4 -DicI'tLorobenzene
Benzyl AIcohol
1, 2 -Dichlorobenzene
2 -Methylphenol
2, 2' -Oxybis ( 1-Chloropropane)
4 -Methylphenol
N-Nltroso - Di -N- Propylamine
Hexachl-oroethane
Nitrobenzene
Isophorone
2 -Nitrophenol
2,4-Dj-met.hylphenol
Benzoic Acid
bis (2 -Chforoethoxy) Methane
2 , 4 -Dichlorophenol
L, 2, 4-Trichlorobenzene
Naphthalene
4-Chloroani-Iine
Hexachl-orobutadiene
4 - Chl-oro - 3 -met.hylphenol
2 -Methylnaphthalene
Hexachlorocyc 1 opentadiene
2, 4, 6-TrichLorophenol-
2 ,4 ,5 -Trichlorophenol
2 -Chloronaphthalene
2 -Nit.roaniline
Dimebhylphthalate
Acenaphthyl-ene
3 -Nitroaniline
Acenaphthene
2 , 4 -Dj-nitrophenol-
4 -Nit rophenol
Di-benzof uran
2 , 5 -Dinitrotofuene
2,4-Dj,nLt rotoluene
Diethylphthafate

1.0
1.0
1.0
1.0
1.0
5.0
1.0
1.0
1.0
1.0
5.0
1-0
1.0
1.0
qn
1.0

10
1.0
qn

1.0
1.0
5.0
1n
5.0
1.0
5.0
5.0

1.0
5.0
1.0
1n
5.0
1.0

5.0
1.0
5.0
trn
1.0

< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.O U

1OO BE
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
<10u

< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 5.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
<10u

< 5.0 u
< 1.0 u
< 5.0 u
< 5.0 u
< 1.0 u

FORM I



ORGA}IICS ANAIJYSIS DATA SHEET
Semiwolatiles by SW8270D GCIMS
Page 2 of 2

Lab Sample ID: OH26K
LfMS ID: 09-855
MaLrix: Water
Date Anal-yzed: OA/ L7 / 09 1-5 :44

CAS Number Ana1yt.e

ANALYTICAL (A
RESOURCES \7
INCORPORATED

Sample ID: ID-104-R
SAMPIJE

Report No: OH26-Science Appllcations, Int1.
PTOJCCT: IRONDALE SEDIMENT QUALITY INVESTIGA

NA

RL ResuI t
7005-72-3
86-73-7
100-01-5
534 -52 -1,
85-30-6
101-5s-3
r7B-74-L
87 -86-5
85-01-8
86-74-8
LZV- rZ- I

84-74-2
206 -44 -O
129-00-0
85-68-7
91,- 94 -1,
55-55-3
L1,7 -8r-7
zL6-Vr->
L1,1 -84-0
205 - 99 -2
207-08-9
50-32-8
193 -3 9-s
53 -70 -3
r9r-24 -2
90-r2-o

4 - Chlorophenyl -phenyl ether
Fl-uorene
4 -Ni t roani 1 ine
4, 5 -Dini Lro - 2 -Methylphenol
N-Ni t rosodiphenyl amine
4 - Bromophenyl - phenyl e the r
Hexachl-orobenzene
Pentachlorophenol
Phenanthrene
Carbazofe
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
But.ylbenzylphtha 1 ate
3, 3' -Dichforobenzidine
Benzo (a) anthracene
bis (2 -Ethylhexyl ) phthaJ ate
Chrysene
Di-n-Octy1 phthalate
Benzo (b) fluoranthene
Benzo (k) ffuoranthene
Benzo (a) pyrene
fndeno (L,2 ,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
1 -Methylnaphthalene

Reported in pg/L (ppb)

Semivolat.ile Surrogate Recovery

1.0
1.0
5.0

10
1.0
1.0
1.0
qn
1.0
1.0
1.0
1.0
1.0
1.0
1.0
qo
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

< 1.0 u
< 1-0 u
< 5.0 u
<10u

< 1.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1.0 u
< 1-0 u
< 1.0 u
< 1.O U
< 1.0 u

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 -Phenof
2, 4, 6-Trj-bromophenol

68.0S
70.03
oJ.56
74.12

58.0?
58.4?
64 .32
6B. sg

2 -Fluorobiphenyl
d4 -I ,2 -Dichlorobenzene
2 - Fluorophenol
d4-2-Chlorophenol

FORM I *F-fitr# : ### *" 
"l'=



Alsb[J:rb@
INCORPORATED

SW827O SEMIVOIJATILES WATER SURROGATE RECOVERY SI'MT{,ARY

Matrix: Water

CIients fD

QC Report No: OH26-Science Applications, fntl.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

NBZ FBP TPH DCB PHI, 2FP TBP 2CP TOT OUT

MB-011409
LCS-011409
rD- 104 -R

(NBZ) = d5-Nitrobenzene
(FBP) = 2-Fluorobiphenyl
(TPH) = d14-p-Terphenyl
(DCB) = d4-1,2-Dichlorobenzene
(PHL) = d5-Phenol
(2FP) = 2-Fluorophenol-
(TBP) = 2,4,5-Tribromophenol
(2CP) = d4-2-Chl-orophenol-

Log

67.22 65-6+ 82.BZ
69.2% 6'7 .62 81, -2%
58.0? 68.0? '70.O2

6'7 .22 65 .1-96 69 . 62 7 0 . 4%

5'7.22 66-7% 78.92 70.42
63.52 64.32 '74.r2 68.59

QC LIMITS
(40 - 103 )

(3s-e8)
(2a-a22)
(28-85)
(32 -ee)
(36-e3)
(3'7 -L20)
(40-e8)

0
0

0

58 .42
62 .42
5B .42

LCS/MB LTMTTS
(s4 - 402 )

(4'7 - ee)
(s0-119)
(39-86)
(4s-100)
(49 - e4)
(49 - r77 )

rq4-qq)

Prep Method: SW3520C
Number Ranqe: 09-856 to 09-856

Page 1 for OH26
FORM-rr SW8270



ORGA}IICS ANALYSTS DATA SHEET
Semivolatiles by SW8270D GCIMS
Page 1- of 2

Lab Sample ID: LCS-011409
LIMS ID:09-856
Matrix: Water
Data Rel-ease Authorized.. ,f
Reported: 0L/1,9/09 ///U

Date Extracted:- 0L/a4/09
Date Anal-lzedz 01,/L7 /o9 1,2:25
Instrument/Analyst : NT5/LJR
GPC Cleanup: NO

Analvte

Al35fi3r;@
INCORPORATED

Sample ID: LCS-01-l-409
LAB CO}flTROL

QC Report No: OH25-Science Applications, Intl.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

Date Sampled: OA/08/O9
Date Receiwed: O1/09/O9

Sample Amount: 500 mL
Finaf Extract Volume: 0.50 mL

Dilution Factor: 1.00

Lab Spike
ConEroI Added Recoverv

Phenol
Bis - (2 -Chl-oroethy]) Ether
2 -Chlorophenol
1, 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Alcohol
1, 2 -Dichlorobenzene
2 -Methylphenol
2 ,2' -Oxybis ( 1-Chl-oropropane)
4 -Methy1phenoI
N-Nitroso -Di -N- Propylamine
Hexachloroethane
Nitrobenzene
Isophorone
2 -Nitrophenol
2 , 4 -Dj-methylphenol
Benzoic Acid
bis (2 -Chl-oroethoxy) Methane
2 , 4-Dtchlorophenol
L,2 , 4 -Trichlorobenzene
Napht.halene
4 -Chloroaniline
Hexachl-orobut adi- ene
4 - Chl-oro - 3 -methylphenol
2 -Methylnaphthalene
Hexachlorocyc lopentadi ene
2 , 4,6 -Trichlorophenol
2, 4, 5-Trichl-orophenol
2 -Chloronapht.halene
2 -Nitroanil-ine
Dimethylphthalate
Acenaphthylene
3 -Nitroaniline
AcenaphLhene
2 , 4 -Di.nitrophenol
4 -Nitrophenol
Dibenzofuran

1,6 .7
16.2
1,'7 .4
13.1
13.1
251, E

L4.r
1,7 .3
15.6
31 .O
L6 .5
11.3
r1 .6
l-8.2
20 -3
r7 .2
53 .0
1,'7 .8
79 .0
15. 0

r7 -o
40 .7
13 .0
20.o
1,1 .7
49.2
18 .5
18 .6
]-'7 -4
18.5
19.3
18.0
s5 - B
18.4

100
1,7 .0
18. B

25-0
?q n
)q n

25 .0
2s.o
50.0
25.O
25 .0
25 .0
50.0
25.O
?q n

)q n

25.O
25.O
25 .0
75.O
25_O
25-0
25 .0
25 .0
60. 0

25.O
25 .0
75.0
25 .0
25 .0
2s.o
25 .0
25 .0
25 .0
64 .0
25 .0
75.O
25 .0
25 .0

66 .8%
64 .82
69 .6%
52 .42
52 .42

5022
56 .42
69 -22
62 .42
'74.02
66.O2
45.22
'70.42
72 .8%
8L.22
68. B?
70.'72
7L.2Z
76.02
60.0?
68.08
67.8%
52 .02
80.0?
'7 0 .82
65-62
74.0%
74.42
69 .62
74.4%
7'7.22
72 .0%
87.22
73.5%

133?
58.0%
15.22

FORM III
I ilq F-E4 L+EiSaeE'4 e



ORGA}IICS A}IAI,YSIS DATA SHEET
Semivolatsiles by Sw8270D GCIMS
Page 2 of 2

Lab Sample ID: LCS-011409
LIMS ID: 09-855
Matrix: Water
Date Anal-yzed; 01,/ I7 / 09 a2 :25

Analyte

Al3bfi8rb@
INCORPORATEO

Sample ID: LCS-011409
LAB CONTROL

QC Report No: OH26-Science Applications, Intl.
Proiect: IRONDALE SEDIMENT QUALITY fNVESTIGA

Lab Spike
Control Added Recovery

2 , 6 -Dinitrotol-uene
2 , 4 -Dinitrotol-uene
Diethylphthal-ate
4 - Chlorophenyl -phenyf e the r
Fl-uorene
4 -Nitroani.Iine
4 , 6-Dinitro-2 -MethylPhenol
N -Nitrosodiphenyl amine
4 - Bromophenyl -phenyl eth e r
Hexachlorobenzene
Pentachl-orophenol
Phenanthrene
Carbazole
Anthracene
Di -n-Butylphthalate
Ffuoranthene
Pyrene
Butylbenzylphthalate
3, 3' -Dichlorobenzidine
Benzo (a) anthracene
bis (2 -Ethylhexyl ) phthalate
Chrysene
Di-n-Octyl phthalate
Benzo (b) f l-uoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (t,z, z -cd) pyrene
Dibenz (a, h) anthracene
Benzo(9,h, i)perylene
1 -Methylnaphthalene

Semivo1atsile Surrogatse RecoverY

d5-Nitrobenzene 69.2*
2 - Fl-uorobiphenyl 6'1 . 6Z
d14-p-Terphenyl 8I.22
d4 - 1, 2 -Dichlorobenzene 62 .42
d5-Phenol 67.22
2-Fluorophenol" 66.1%
2,4,6 -Tribromophenol 78 -92
d4 -2 -Chlorophenol '7O .42

2r .1
22-4
20.2
18 -2
L9-4
19.1
46.O
1q q

19. I
1,9 .9
20.o
20 .9
2r .8
20.2
21, .2
21, .2
tn a

2r.L
44.'7
20 .2
2r.2
1q .7

20 .5
20 .5
2r-4
17 .0
22.O

18.4
79-4

25-0
25 .0
25 .0
25 .0
25.O
25 .0
75.0
25-0
25-0
25.O
25 .0
25-O
25.O
25-O
25 .0
25 .0
25 .0
25 .0
64 .0
25 .0
25 .0
25 .0
z3 . v
25 .0

25. O

25-0
25 .0
25 .0
25-O

86. B3
89 .62
80. B?
'72 .82
7'7 .62
76.42
bI.J6
78.0?
79.22
79.62
80.0i3
83 .6?
B'7 .22
80.8%
B4 .8%
B4.B%
83.5%
B4 .4%
bv. u6
80. B%

84. B?
/6.66
82.Oz
82.OZ
85.5%
68.0?
88.08
7B.OZ
73.62
77.62

Results reported in pg/L

FORM IIf
r*i efrfr - frs-i%e+-:



Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OH26

Lab File ID: OH26MB

fnstrument fD: NT5

Matrix: LIQUfD

48
SEMIVOLATILE METHOD BLANK

BLANK NO.
SUMMARY

C1ient: SAIC

OH26MBW1

Project: IRONDALE SEDIMENT QU

Date Extracted: OI/14/09

Date Arralyzed : OL/ L7 / 09

Time Analyzed: 1153

FILE ID ANALYZED

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

SAMPLE NO.

OH26LCSW1
rD- 104 -R

SAMPLE ID

OH25LCSW1
OH26K

OH26SB
OH26K

0L/L7/oe
07/17/0e

01
o2
03
o4
05
06
o7
08
09
10
11
12
,LJ
L4
15
L6
1"7
18
19
20
21
22
23
24
25
26
27
28
29
30

COMMENTS:

page 1 of 1
FORM IV SV



ORGA}IICS A.I\TAI,YSIS DATA SHEET
Semivo1aEiles by SW8270D cClMS
Page L of 2

Lab Sample ID: MB-011409
LIMS ID: 09-855
Matrix: Water

Ar35fi3rZ@
INCORPORATED

Sample ID: MB-011409
METHOD BI,ANK

QC Report No: OH26-Science Applications, Intl.
Project: IRONDALE SEDTMENT QUALITY INVESTIGA

NA
Date Sampled: NA

Date Received: NA
Data Release Authorized
Reported : o1/Ig / og ,r'7
Date Extracted: 0]-/14/O9
Date Analyzed:. OI/ l7 / 09 11: 53
Instrument/Analyst : NT6/LJR

CAS Number Analyte

Sample AmounL:
Finaf ExLract Vofume:

Dilution Factor:

RL

500 mL
0.50 mL
1.00

ResuIt

1,08 - 95 -2
'L7L-44-4
95-57 -8
547-73 -I
ro6-46-'7
100-s1-5
95-50-1
95-48-7
108-50-1
406 - 44 -5
621,- 64 -7
67 -72 -a
98-95-3
78-59-]-
88-75-5
705-67 -9
65-85-0
111- 91- 1
120 - 83 -2
1,20-82-1,
9L-20 -3
ao6-47 -8
87 -68-3
59 -50 -7
9L-5'7 -6
I t-4t-4
88 -06 -2
95 -95 -4
91-58-7
BB -'7 4 -4
131-11-3
208-96 - 8
99 -09 -2
83-32-9
51-28-s
to0 - 02 -7
r32-64-9
606-20 -2
a2t-t4 -2
84-66 -2

Phenol
Bis- (2 -Chloroethyl-) Et.her
) -Ch) nrnnhonal

1, 3 -Dichlorobenzene
1,4 -Dichlorobenzene
Benzyl AIcohol
1, 2 -Dichlorobenzene
, -Mat- hrrl nhann l

2, 2' -Oxybis ( 1 -Chloropropane )

4 -Mcl- hrrl nl-ranal

N-Nitroso -Di -N- Propylamine
Hexachloroethane
Ni-trobenzene
T cnnl.rnrnna
? -l\Ti t'rnnhannl

). .4 -f\ i mcl-hrzl nheq6l

Benzoic Acid
bis (2 -Ch-[oroethoxy) Methane
2. .4-n i chl nrnnhcnol
L,2 , 4 -Trichlorobenzene
\T-^LrL^t ^-^r!aP1!LlldIEllg

4-Chl-oroaniline
Hexachl-orobutadiene
4 -ChLoro - 3 - methylphenol
2 - IvIe ttty I napht ha l- e ne
Hexachl orocyc l-opentadi ene
2..4 .6 -Tri chl oroDhgngl
2, 4, 5 -Trichlorophenof
2 -Chloronaphthalene
2 -Nitroanifine
Dime thyl,phthalate
Acen:nhthrzl ana

3 -Nitroanil ine
Acenaphthene
2 , 4 -DiniLrophenol
4 -Nitrophenol
Dibenzofuran
2 , 5 -DiniCrotofuene
2 , 4 -Dinitrotol-uene
Diethylphtha late

1.0
1-0
1.0
1.0
1.0
5.0
1.0
1.0
1.0
1.0
5.0
1.0
1.0
1.0
5.0
1.0

10
1.0
qn
1.0
1.0
5.0
1.0
5.0
1.0
5.0
qn

5.0
1.0

1.0
1.0
5.0
1.0

10

1.0
5.0
5.0
1.0

1.0 u
1.0 u
1.0 u
1.0 u
1.0 u
220 E
1.0 u
1.0 u
1.0 u
1.0 u
5.0 u
1-0 u
1.0 u
1.0 u
5.0 u
1.0 u

<10u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 5.0 u
< 5.0 u
< 1.0 u
< 5.0 u
< 1.0 u
< 1.0 u
< 5.0 u
< 1.0 u
<10u

< 5.0 u
< 1.0 u
< 5.0 u
< 5.0 u
< 1.0 u

FORM I #HF#: s##ffitrH



ORGA.}IICS ANATYSIS DATA SHEET
SemivolaEiles by SW8270D GCIMS
Page 2 of 2

Lab Sample ID: MB-011409
LIMS ID: O9-856
Matrix: Water
Date Anafyzed: 0I/a7/ 09 11:53

CAS Number Analyte

Ais8fi8ri@
INCORPORATED

Sample ID: MB-011409
METHOD BI.ANK

QC Report No: OH26-science ApplicaEions, InLI.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

NA

RL Resu1ts

7 005 -72 -3
86-73-7
100-01-6
534-52-1,
B5-30-6
101 -55 -3
1,78-74-r
87-86-5
85-01-B
86 -'7 4 -8
LZV- LZ- I

84 -7 4-2
206-44-0
129-00-0
85-68-7
9r- 94 -1,
55-55-3
LL7 -8L-7
2r8-0r-9
1,77 -84-O
205 - 99 -2
20'7 -08-9
50-32-B
193-39-5
53-70-3
r9a-24-2
90-L2-O

4 - Chlorophenyl -pheny I e ther
Fluorene
4 -Nitroani line
4, 6 -Dinitro- 2 -Methylphenol
N-Ni trosodiphenyl amine
4 - Bromophenyl -phenyl e ther
Hexachl-orobenzene
Penf:ch I nrnnhengf
Phenanthrene
Carbazole
Anthracene
T)i - n -Rrrl-rr1 nhfha 1_gfg
Ff uorant.hene
Pyrene
Butylbenzylphthalate
? ?' -ni chl nrnl-rcrlzidine
Benzo {a) anthracene
bis ( 2 - Ethylhexyl ) phthalat,e
Chrysene
Di -n -Or-t_ w I nhrhal-ate
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Renzn (: ) nrzrana

Tndannll , 2-aA\\LtltJ -*/pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
1 -Methylnaphthalene

Reported in pg/L (ppb)

Semivolatile Surrogate Recovery

1.0
1.0

10
1.0
1-0
1.0
5.0
1.0
1.0
1.0
1-0
1.0
1.0
1.0
5.0
1.0
1.0
1-0
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

< 1.0
< 1.0
< 5.0
< 10

< 1.0
< 1.0
< 1.0
< 5.0
< 1.0
< 1.0
< 1.O
< 1.0
< 1.0
< 1.0
< 1.0
< 5.0
< 1.0

L.7
< 1.0
< 1.0
< 1.0
< 1.0
< 1.0
< 1-0
< 1.0
< 1.0
< 1.0

TT

U
U
U
U
U
U
U
U
U
TT

u
U
II
U
TT

U

U
U
U
U
TT

U
U
U
U

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 - PhenoI
2 ,4,6 -Tribromophenol

6'7 .22
82 .82
67.22
69 .62

55 .62
56 .44
65 .1-z
70.42

2 -Fl-uorobiphenyl
d4 -I ,2 -Dichlorobenzene
2 -Ffuorophenol-
d4-2-Chlorophenol

FORM I #FEtrFJ"Mffiffiffiffi



NWTPHDX
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Arsbfi:*@
INCORPORATEDORGAI{ICS ANAI,YSIS DATA SHEET

TOTAIJ DTESEI' RANGE HYDROCARBONS
NWTPHD by cClFID-Sil-j-ca and Acid Cl-eaned
Page 1 of 1

Matrix: WaLer

Data Refease Authorized,Z
Reported : 01/ 75 / 09 

"ff

Report No: oH26-Science Applicaeions, fntf
Project: IRONDALE SEDIMENT QUALITY INVES

n.-

ARI TD Sample ID
Extraction Analysis

Date Date
EFV
DL Range RL Resul b

OH2 6K
o9-856

ID- 104 -R
HC ID: _

n ?q
0.50

o .2s
0 - 50

< o.25
< 0.50
92 .7 "6

< o.25
< 0.50
9B .9%

MB-011309 Method Blank
09-856 HC ID: ---

or/ 13 / oe or/ 14 / oe
FID4A

0L/L3/Oe 01,/14/Oe
FID4A

I. UU UICSC-L
1.0 Motor Oi1

o-Terphenyl

1.00 Diesel
1.0 Motor Oif

o-Terphenyl

U
U

U
U

DonnrtsoA ir ma/tees 4r.,,f/J (ppm/

EFV-Effectiwe Final Volume in mL.
DL-Dil-uEion of extract prior to analysis.
RL-Reporting 1imit.

Diesel quantitation on total peaks in the range from C12 Lo C24.
Motor Oil quantitation on total peaks in the range from C24 t.o C3B.
HC ID: DROi/RRO indicate results of organics or additional hydrocarbons in
ranges are not identifiabl,e.

FORM I RE !frre , ":*-:i_._i-Fit=d"ab " ffiffiatdffi



Arsbf,8ti@
INCORPORATED

CLEANED TPHD SURROGATE RECOVERY SI]MMARY

Matrix: water QC Report No: oH25-science Apptications, rnt1.
Project: fRONDALE SEDIMENT QUALITY INVESTfGA

Client ID OTER TOT OUT

MB-011309
LCS-011309
ID- 104 -R

92.72 0
L04z 0

98 .92 0

LCS/MB LTMITS QC rrMrTs

(OTER) = o-Terphenyl (49-118) ( 4s-J.L2)

Prep Method: SW3510C
Log Number Range: 09-856 to 09-856

Page 1 for OH26
FORM-II TPITD

#F4E# : '##ffi:ffi#



AIs:il:e!@
INCORPORATEDORGANICS ANALYSIS DATA SHEET

NWTPHD by GCIFID-Silica and Acid
Page 1 of 1

Lab Sample fD: LCS-011309
LTMS ID: 09-855
Matrix: Water Zr ^ ^ ^^ ",,.hOri zed :,.V/1udLd KErEa>e AUL 

..//v
Reported : 07/ 15 / 09 L' I

Date Extracted: 0a/n/09
Date Anallzed: 01-/ 1'4 / 09 20 :7'7
InsLrument/Analyst : FID/PKC

Range

Cleaned Sample ID: tCS-011309
LAB COMTROL

QC Report No: OH26-Science Applications, Intl-
Project: TRONDALE SEDIMENT QUALITY TNVESTTGA

Date Sampled: OL/08/09
Date Received: OL/09/09

SamPle Amount: 500 mL

Final Extract Volume: 1.0 mL
Dilution FacLor: 1.00

Lab Spike
Control Added Recovery

Resufts reported in mglL

3 -07

TPHD Surrogate Recovery

t-0223.00

^-Tarnl-ranrrlv re!!/rre!r1 f L04z

FORM III
ffiF-$ff#: m#ffiE?



4
BI,ANK STIMMARY

INC

BLANK NO.
TPH METHOD

Lab Name: ANALYTICAL RESOURCES,

SDG No.: OH26

Date Extracted: Ol/!3/09
Date Anal-yzed : OI/1-4/09

Time Analyzed : 2003

t-
I onzGMBWI
IClient.: SCIENCE APPLICW

Project. No.: IRONDALE SEDIMBNT QUALITY

Matrix: LIQUID

InsLrument ID : FfD4A

THIS METHOD BI,ANK APPLTES TO THE FOLLOWTNG SAMPLBS, MS, and MSD:

01
o2
03
o4
05
o5
o7
OB
09
10
11
T2
13
T4
15
16
I7
18
19
20
2L
22
23
24
25
26
27
2B
29
30

OH2 5LCSW1
rD- 1_04 -R

SAMPLE TD

oH2 6LCSW1
OH26K

ANALYZED

oa/t4/oe
or/ 1,4 / oe

page 1 of 1
FORM TV TPH



ORGANTCS ANAIJYSIS DATA SHEET
TOTAL DIESEL RANGE HYDROCARBONS
NWTPHD by GClFID-Silica and Acid Cfeaned QC
Page 1 of 1
Matrix: Sediment

R:;:.ff l:"" ;'.?l:l; 
r i zed'6

Extraction Analysis EFV
Date Date DL

A:s5fi8ti@
INCORPORATED

Report No: OH26-Science Applications, fntl
PTOJect: IRONDALE SEDIMENT QUALITY INVES

Range RL ResuI EARI ID Sample ID

MB-011309
09 - 845

OH26A
09 -846

OH2 6B
09 - B4'7

OH26C
09-848

OH26D
09 -849

OH26E
09-850

OH26G
09 - 852

OH26H
09-853

OH26I
09-854

OH2 5J
09 - Bs5

Method Blank
HC ID: ---

rD-108-12-18-SD
HC ID: DRO/MOTOR

rD-101-8-14-SD
HC ID: DRO,/MOTOR

ID-102-9-15-SD
HC ID: DRO,/MOTOR

rD-103-11-17-SD
HC ID: DRO,/MOTOR

o7/13 / 0e 0r/ 7s / 0e
FID4A

o7/ 13 / oe oa/ 75 / oe
OTL FID4A

01,/1,3/0e o7/rs/oe
OIL FID4A

o1,/1,3/09 Oa/15/O9
OIL FID4A

o7/ 13 / oe o1/ Ls/ 0e
OIL FID4A

Diesef
Motor Oif
o-Terphenyl

Diesel
Motor OiI
n-'Parnl-ranrzl

DieseI
Motor Oi1
n-'Farnlronrrl

DieseI
MoE,or Oi1
n -'l'arnl-ranrrl

DieseI
MoEor Oil
n-'I.arnl-ranrrl

DieseI
Motor OiI
a -'rornl-ranrrl

DieseI
Motor Oil
n-'I.arnl-ranrrl

Diesel
Mot,or Oil
o-Terphenyl

Diesel
MoEor Oil
n - Tarnhanrrl

DieseI
Motor Oil
o-Terphenyl

5.0 < 5.0 u
10 <10u

'7 6 .92

6.2 42
L2 94

't 9 .32

32 8s
64 r_50

'7 6 .32

32 280
54  ]-O

82.7%

5 .1" 20
t2 38

82.22

5.2 18
L2 32

B0 .42

310 5400
620 3500

D

5.1 9.1
L2 2L

't 6 .92

320 3600
550 2600

D

320 4000
5 40 3l-0 0

D

rD-103 - 11-17-D 0a/ n / 09 O1/ L5 / 09
HC ID: DRO,/MOTOR OII FfD4A

1.00
1.0

1.00
1.0

1.00
5.0

1.00
5.0

1.00
1.0

1.00
1.0

1. O0
1.0

ID-104-13-19-SD
HC TD: DRO/MOTOR

1D-100-t_5-21-SD
HC ID: DRO,/MOTOR

rD-106-13-19-SD
HC ID: DRO/MOTOR

rD-107-8-14-SD
HC ID: DRO/MOTOR

o1/L3/oe or/1,6/oe 1.oo
OTI, FID4A 50

or/73/oe 07/76/oe
OIL FTD4A

or/1,3/oe 01"/16/oe 1.00
OIL FID4A 50

or/13/09 0L/16/09 1.00
OIL FID4A 50

Reportsed in mg/kg (ppm)

!;t v-t;IIectr].ve h tnal volume 1n mL.
Dl,-Dilution of extract prior to analysis.
RL-Reporting 1imit.

Diesel quantitation on totaf peaks in the range from C12 to C24.
Motor Oi1 guantitation on total peaks in the range from C24 to C38.
HC ID: DRO/RRO indicate resufts of organics or additional hydrocarbons j-n
ranqes are not :-dentif iable.

FORM I
fl;5**ffi#; #*##ffi#



AIs5fi:*@
INCORPORATED

Matrix: Sediment

(OTER) o-Terphenyl

MB-011309
LCS-011309
rD-108-12-18-SD
rD-108-12-18-SD
ID-1OB-12-18_SD
ID-101-8-14-SD
ID-102-9-15-SD
ID-103-11-17-SD
rD-103-11-17-D
ID-104-13-19-SD
ID-100-15-21-SD
rD-106-13-19-SD
ID-107-8-14-SD

76.92
82 .42
79.32

MS 77.8*
MSD 73.L+

76.32
82.'72
82.22
80.43

D
16.9%

D
D

CLEA.bIED TPHD SI'RROGATE RECOVERY SI]MT{ARY

QC Report No: OH25-Science Applications, Intl.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

ClienE fD OTER 
"OT 

OIIT

0

0
0

0
0

0
0
0
0
0

0
0

0

LCS/MB LIMITS

(62 - 11.8)

QC LIMITS

(4e - 1-2s)

Log
Prep Method: SW3550B

Number Range: 09-846 to 09-855

Page 1 for OH26
FORM-II TPHD

F=E 5ffid}q . {Ge-=q-c-F=EE?
t-rp & R U:- -4-"F ' W;R EE E"fr r-A 4E



ANA|V?r^Ar a

oRcAr{rcs ANALysrs DATA srrE'r RES;L'';;;ZW
INCORPORATED

NWTPHD by GClFfD-Silica and Acid Cleaned Sample rD: ID-1OB-L2-]-8-SD
Page 1of1 MSIMSD

Lab Sample ID: OH26A QC Report No: OH25-Science Applications, Intl-.
LIMS ID: 09-846 Project: IRONDALE SEDTMENT eUALrTy INVESTT6A
Matrix: Sediment
Data Release Authorized',4 Date Sampled: OI/OB/O9
Reported: 0L/t6/O9 f/ Dare Receiwed: 0I/L0/09

Date Extracted MS/MSD: 0r/13/09 sample Amount MS: 8.13 g-dry-wt
MSD: 8.06 g-dry-wt

Date Anal,yzed MS: oL/r5/09 22:38 Final- Extract Vof ume MS: 1. o mL
MSD: 0I/I5/o9 22:52 MSD: 1.0 mL

rnstrument/AnalysL MS: FrD/pKC Dilution Factor MS: 1. o
MSD: FfDIPKC MSD:1.0

Percent Moisture : 2O .0%

Spike MS Spike MSD
Range Sample MS Added-MS Recowery MSD Added-MSD Recovery RpD

Diesel 41.8 173 185 70.92 161 185 64.L2 7 .2%

TPHD Surrogat.e Recovery

MS MSD
o-TerphenyL ii.BZ 73.r2

Results reported in mglkg
RPD calculated using sample concentrations per SWB46-

FORM III
#F-€H# : #ffi#* e



ANALYTICAL /TA
REsoir;;;;KZ

ORGAI\rfeS ANAIJYSIS DATA SHEET TNCORpORATED
NWTPHD by cC/FID-Silica and Acid Cleaned Sample ID: LCS-011309
Page 1 of 1 LAB COICTROIJ

Lab Sample fD: LCS-011309 QC Report No: OH26-Science Applications, fntl.
LIMS ID: 09-846 Project: IRONDALE SEDIMENT QUALTTY TNVESTIGA
Matrix: Sediment
Data Release Authorized., ,A Date Sampled: OI/OB/O9
Reported : OI/ 16 / 09 y'fl/ Date Received : 0a/ aO / 09

Date Extracted : 0L/ 13 / 09 Sample Amount : 10 - 0 g
Date Anal-yzed: 07/ L5 / 09 22 :1,0 Final ExtracL VoIume : 1 . 0 mL
Instrument,/Analyst: Ff D/PKC Dil-ution Factor: 1. 0

Lab Spike
Range ConErol Added Recovery

Diese I

Paerr'l|-c rannrFod :^ ^-/1.^^uourLo rgPv! Lcu IIt ttt9i/ A9

a2), 150 80.72

TPHD Surrogate Recowery

o-Terphenyl 82 .4%

FORM III
#F+H#- #ffi#=E



Lab Name: ANALYTICAL RESOURCES,

SDG No.: OH26

Date Extracted: 01_/t3/ 09

Date Analyzed I OI/L5/09
Time Analyzed : 21-42

THIS METHOD BLANK APPLTES TO

SAMPLE NO.

4
TPH METHOD BLANK

INC

SAMPLE ID
=====::=======
OH26LCSS1
OH25A
OH26AMS
OH25AMSD
OH26B
OH26C
OH26D
OH26E'
OH26G
OH26H
OH26I
oH26,J

SUMMARY

Client: SCIENCE AppLI
Project No.: fRONDALE

Mat.rix: SOLID

Instrument fD : FfD4A

ANALYZED

o1,/1,s/oe
or/]-5/oe
oL/rs/oe
ot/1-s/oe
ot/Ls/oe
oL/I-s/oe
or/Ls/oe
01,/Ls/oe
01,/L6 / oe
oL/!6/oe
or/16/oe
01,/1_6/oe

BI,ANK NO.

OH26MBS1

IONS, -fNTL.

SEDIMENT QUALITY

t-
t_
CAT

THE FOLLOWING SAMPLES, MS, and MSD:

01
o2
03
o4
05
06
o7
08
09
10
11
72
13
1,4
15
15
T7
18
19
20
2L
22
23
24
25
26
27
28
29

5frr=EiE6r=i===
rD-108 -1_2-18
rD-l-08 -L2-t8
rD-108-12-18
rD-101-8-14-
ID- 1 02 -9 -15 -
ID-103-11-17
D- 103 -I1_-Tl

ID-104-13-19
rD-100-l-5-21
ID-105-13-19
ID-107 -B-74-

30

page I of 1

FORM IV TPH

'wE 4&M " Wg%pW1&'Ug



METALS

*eJ*t - ffiffrffi%E_aw4 JtuV' WWWWS



TNORGA}iIICS AI{AIYSIS DATA SHEET
TOTAL METAIS
u)^a I nr I

Lab Sample ID: OH26K
LIMS ID:09-856
Matri-x: Water
Data Re-Iease Authortzed
Renorted' O1 /21 /09

Alsbfi:*@
INCORPORATED

Sanple ID: ID-104-R
SAI'IPLE

QC Report No: OH26-Science Applications, IntI.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

Date Sampled: OI/08/09
Date Received: OI/09/09

CAS Nuuber Anal-yte RL mg/L a
Prep
Meth

Prep
Date

Analysis Analysis
Method Date

3010A
3010A
3010A
30r0A
3 010A
1410A
3010A
3010A

0r/19/09
01/ ),9 / O9

0r/19/09
0r/19/09
0r/L9/09
0t/19/09
or/19/09
01/19/09

6010B
6010B
6010B
60108
60108
1410A
6010B
6010B

01/22/09
01/22/09
0r/22/09
or/22/09
or/22/09
or/23/09
0L/22/09
0r/22/09

'7 440-38-2
1 440-43-9
1440-4'7-3
'7 440-50-B
'7 439-92-r
1 439-91 -6
1 440-22-4
1 440-66-6

Arsenic
Cadmium
Chromium

Lead
Mararrrrr

Silver
Ztnc

0.05
0 .002
0.005
0.002

0 .02
0.0001
0.003
0.01

0.05
0.002
0.005
0 .002

0 .02
0.0001
0.003
0.01

U

U

U

U

U

U

U

U

Il-An: l rzf a rrnrlof an]- od al- ai rzon

RL-Reporting Lj-mit
RL

FORM-I



INORGANICS A}.IAIYSIS DATA SHEET
TOTA], META].S
Page 1 of 1

Lab Sample ID: OH26LCS
LIMS ID: 09-856
Matrix: Water
Data Release Authorized
Rcnnrf pd. O1 /?'7 /09

Anal.yte
Analysis
Method

ArssHs*@
INCORPORATED

Sample ID: LAB CONTROL

QC Report No: OH26-Science Applications, Intl.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

Date Sampled: NA
Date Recei-ved: NA

BLANK SPTKE QUALITY CONTROL REPORT

Spike
Found

Spike
Added

*
Recovery

Arsenic
Cadmium
Chromium

Lead
Ma rct r rtr

Silver
Ztnc

6 010B
6 010B
6010B
60108
6 010B
1 4't 0A
6010B
60108

7.99
0.491
0.480
0.480
1.95

0.0019
o .52r
0.49

2 .00
0.500
0.500
0.500

2 .00
0.0020
0.500
0-50

99 .5%

99.42
96-02
96-02
9J .5e"

95.0%
704%

98.0?

Ronnri'ori in mnlT

N-Control llmit not met
Control- Limits : 80-120%

FORM-VII
E EH-_j+_ - E-SL4L*= -gH



INORGAI{ICS ANAIYSIS DATA
TOTAI METAIS
Page 1 of 1

Lab Sample ID: OH26MB
LIMS ID:09-856
Matrix: Water
Data Release Authorize
Reported: 0I/21 /09

SHEET

Analysis Analysis
Method Date

Prep
Meth

Prep
Date

Alsbf,srr@
INCORPORATED

Sanple fD: METHOD BLANK

OH26-Science Applications, fntl.
IRONDALE SEDIMENT QUALITY INVESTIGA

A/- Ponnrf hTn.
Drni oa{- .

D:fa S:mnlad' NA
Date Recei-ved: NA

CAS Nu:nber Ana1yte RL mg/L

3 010A
3 010A
3 010A
3 010A
3010A
1410A
3010A
3 010A

0r/1_9/09
0L/19/09
01/19/09
0t /79/09
0r/19/09
0r/19/09
0L/19/09
or/19/09

6010B
6010B
6010B
6010B
60 10B
1410A
6010B
6010B

0r/22/09
07/22/09
0r/22/09
0r/22/09
01/22/09
or/23/09
0r/22/09
0r/22/09

1 440-38-2
1 440- 43-9
1 440-41 -3
7440-s0-8
1 439-92-I
7 439-91 - 6
1 440-22-4
't 440-66-6

Arsenic
Cadmium
Chromium

T ^-i

Mornrrrrr

Silver
Zinc

0. 05
0 .002
0.005
0 .002

0 .02
0.0001
0.003
0.01

0.05
0 -002
0.00s
0 .002
o.02

0.0001
0.003
0.01

U

U

U

U

U

U

U

U

IT-An: I rrl-a rrnr]a1-onl-arl :f nirzan
kt.-P6n^-t 1nA I rmtt

RL

FORM-I

#HH#: ffiffi#=-F



GENERAL CHEMISTRY

ffiE-*Effi: ffiffiffiffiffi



SAI'{PLE RESULTS-CONVENTIONAIS 4NALyT1CALA
OH26-Science Applications, Intl. RESOURCES\7

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: OI/08/09
Date Received: OI/70/09

Matrix: Sediment
Data Release Authori-zed:
Renorl-cd. fi1 /2? /09

Analyte

Client ID: ID-108-12-18-SD
ARI ID: 09-846 oH26A

Date Method Units RL Sanple

Total, Sol-ids 0I/I2/09 EPA 160.3 Percent 0.01 10.10
011209#1

Preserved Total Solids 0I/12/09 EPA 160.3 Percent 0.01 14.60
011209#1

Total Vofatile Sofids 0I/I2/09 EPA 160.4 Percent 0.01 7.19
011209#1

N-Ammonia 0I/I4/09 EPA 350.1M mg-N/kg 0. 13 < 0.13 U
011409#3

Sul fide 64.-t 4980L/I3/09 EPA 316.2 mg/kg
011309#1

T^+-l n-^-^:^ -^aeLqr vrvqrrru vdrbon 07/16/09 Plumb, 1981 Percent 0.020 2.82
011609#1

RL Analytical reportrng Iimit
U Undetected at reported detection fimit

Ammonia determined on 2N KC1 extracts.

Soil Sample Report-OH26
#F4ffiffi : #ffi#=S



SAI"IPLE RE SULTS -CONVENT IONAIS
OH26-Science Applications, fntJ-.

Client rD: rD-101-8-14-SD
ARI rD: 09-847 OH26B

Date Method Units

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: OI/08/09
Date Received: OI/rc/09

A:s:fiSrb@
INCORPORATEO

Matrlx: Sediment
DaLa Release Authotir"{ffr/
Reported:0I/22/09 \U'

Analyte RL Sanple

Total Solids OI/1-2/09 EPA 160.3 Percent 0.01 69.80
0rr209#7

Preserved Total Solrds 0I/I2/49 EPA 160.3 Percent 0.01 68.90
011209#1

Total Vol-atil-e So-Iids OI/12/09 EPA 160.4 Percent 0.01 6.94
071209#r

N-Ammonla 0l/I4/09 EPA 350.1M mg-N/kq 0.74 0.2I
011409#3

Sulfide 139 2,1100L/13/09 EPA 316.2 mg/kg
011309#1

T^'-r A-^-^r^ ^rrbon 0I/16/09 Plumb,1981 Percent 0.020 4.16ruuoa v!vorlru uc
011609#1

RL Analytical reporting limit
U Undetected at reported detection limil

Ammon-ia determined on 2N KCI extracts.

Soif Sample Report-OH26

#ts+H#: ###t$ffi



Matrix: Sediment
Data Release Authorize
Reported : 0I / 22 / 09

SAMPLE RESULTS-CONVENTIONALS 4NALy1CALA
OH26-Science Applications, IntI. RESOURCES\SZ

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: OI/08/09
Date Received: 0I/70/09

Analyte

C]-ient ID: ID-102-9-15-SD
ARI ID: 09-848 OH26C

Date Method Units RL g:mple

Total Soli-ds 0f/I2/09 EPA 160.3 Percent 0.01 71.00
011209#1

Preserved Tota-l Sol-ids 0I/72/09 EPA 160.3 Percent 0.01 10.20
0L7209#I

Total Volatife Sofids OI/12/09 EPA 160.4 Percent 0.01 9.32
011209#1

N-Ammonra 0I/I4/09 EPA 350.1M mg-N/kg 0.14 0.60
011409#3

Sulfide 66.9 1 4207/13/09 EPA 316.2 ms/kg
011309#1

m^+-l n-^--i ^ ^-rvLor vlyorrru udrbon 01/16/09 Plumb,1981 Percent 0.020 3.47
011609#1

RL AnaIyEicaJ reporting Iimit
U Undetected at reported detection limit

Ammonia determined on 2N KCI extracts.

Soil Sample Report-OH26
j:E *-n,--- n :::--E? E



SAI4PLE RESULTS-CONVENTToNAIS 4NALY1CALA
OH26-Science AppJ-ications, Intl . RESOURCES\/

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: 0I/08/09
Date Received: 07/I0/09

Matri-x: Sediment
Data Release Authorized
Rennrtecl' O1 /22 /09

Analyte

Client ID: ID-103-11-17-SD
ARI ID: 09-849 OH26D

Date Method Units RL Sample

Total, Solids 0I/I2/09 EPA 160.3 Percent 0.01 12.10
07r209#1,

Preserved Total- Solids 07/12/09 EPA 160.3 Percent 0.01 15.60
011209#1

Total Volatile Solids 0I/1,2/09 EPA 160.4 Percent 0.01 3.07
011209#1

N-Ammoni-a 07/14 /09 EPA 350. 1M mg-N/kg 0. 13 < 0. 13 U

011409#3

Sul-f ide r3.0 < 13.0 u

T^r'r n'-ah;^ '-rbon 07/16/09 Pl-umb, 1981 Percent 0.020 1.35lvLaa v!9ortfu vc

011609#1

RL AnaIyt Lca I reporting limlt
U llndetected at reported detectlon fimit

Ammoni-a determined on 2N KCl extracts.

0I/1,3/09 EPA 316.2 mg/kg
011309#1

Soil Sample Report--OH26
# E7E r-- i-'k " EF AW kwls + -:



SAI'IPLE RESIILTS-COIWENTIONALS 4NALyT1CAL A
OH26-Science Applications, rntl. RESOURCES\7

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: 0I/08/09
Date Received: 0I/I0/09

Matrix: Sediment
Dat a Rel-ease Authori ze
Reported:. OI/22/09

Analyte

Client fD: fD-103-11-17-D
ARr rD: 09-850 oH26E

Date Method Units RL Sanple

Totaf Solids 0I/72/09 EPA 160.3 Percent 0.01 lI-10
011209#1

Tota-I Volati-Ie Sof ids 0\/1,2/09 EPA 160.4 Percent 0.01 2.48
011209#1

N-Ammonia 07/14/09 EPA 350. 1M mg-N/kg 0. 13 < 0. t3 U

011409#3

T^F-l n-^-^i ^ ^-auuql vleorrru vdrbon 07/16/09 Plumb, 1981 Percent 0.020 1.78
011509#1

RL Ana 1 yL icaJ report j-ng Limj-t
U Undetected at reported detection fimit

Ammonia determined on 2N KCf extracts.

Soil Sample Report-OH26

k.J & c tr; 4-'F " A,J} f-d E# =Y hF



SAII4PLE RE SI'LTS -CONVENTTONA].S
OH26-Science AppJ.ications, Intl. AIsbU:ti@

INCORPORATED

Matrlx: Sediment
Data Rel-ease AuthorLzed
Rannrl-cd. O1 /)) /09

Project: fRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: OL/08/09
Date Received: 01/IO/09

Analyte

Client rD: ID-103-11-L7-T
ARI ID: 09-851 OH26E

Date Method Units RL Sarp1e

Tota] Sof ids 07/12/09 EPA 160.3 PercenL 0. 01 14.20
071209#7

Total Volatile Solids 0I/I2/09 EPA 160- 4 Percent 0.01 2-I3
011209#1

N-Ammonia 07/L4/;9 EpA 350. 1M mgr-N/kg 0. 12 < O.I2 U

011409#3

T^f a_l 
^-^-^;^ 

a-v!y@!,au -arbon 0I/16/09 Pl-umb, 1981 Percent 0.020 l-46
011609#1

RL Analytical reporting Iimit
U Undetected at reported detection li_mit

Arnrnonia determ-ined on 2N KCf extracts.

Soil- Sample Report-OH26

ffiF+ffiffi : ffi#m**+ u*F



Matrix: Sediment
Data Re-Iease Authorized
Rcnnrfori. 01 /22 /09

Analyte

SA}.{PLE RE SI'LTS _CONVENTIONA],S

OH26-Science Applications, Intl.

Client ID: rD-104-13-19-SD
ARI ID: 09-852 OH26c

Date Method Units

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: OI/08/09
Date Received: 0l/I0/09

Arsbffs*@
INCORPORATED

RL Sample

Total Sofids OI/I2/09 EPA 160.3 Percent 0. 01 73. 10
07I209#r

Preserved rotal sofids 0r/r2/09 EPA 160.3 Percent 0.01 70.00
011209#1

Total Volatile So]ids 0I/L2/09 EPA 160.4 Percent 0.01 3.81
011209#1

N-Ammonia 0I/I4/09 EpA 350.1M mg-N/kg 0.13 < 0.13 u
011409#3

Su] f ide 10 .2 1060I/I3/09 EPA 316.2 ms/kg
011309#1

T^+-l n----i ^ ^-lvLor vreorrae -orbon 0I/16/09 Pfumb,1981 Percent 0.020 5.51
011609#1

RL Analytical reporting Iimit
U Undetected at reported detectj-on limlt

Ammonia determined on 2N KCI extracts.

Soif Sample Report-OH26

#hEffiffi, : #+*mL+=



SAI"IPLE RESULTS-CONVENTIONAIS 4NALyT1CALA
OH26-Science Appl5-cations, fntl . RESOURCES\/

INCORPORATED

HliS'il;, 3l3l-i3i n"ri zed,N/
Reported: 0I/22/09 U

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: 0I/08/09
Date Received: AI/I0/A9

Analyte

Client ID: ID-100-15-21-SD
ARr ID: 09-853 OH26H

Date Method Units RL Sample

Total Solids 0I/I2/09 EPA 160.3 Percent 0.01 11 .20
0 rr2o9#1

Preserved Total Sollds 01/L2/09 EPA 160.3 Percent 0.01 15.10
011209#1

Total Volatil-e Solids 0I/L2/09 EPA 160.4 Percent 0.01 1.15
011209#1

N-Ammonia 0I/L4 /09 EPA 350. 1M mg-N,/kq 0. 61 < 0. 61 U

011409#3

Suf frde 25.4 3430I/13/09 EPA 316.2 mg/kg
011309#1

m^'-r A-^--'^ ^-rbon 0I/1-6/09 Pfumb, 1981 Percent 0.020 2.03f uLor vr!jorrru ua

011609#1

RL Analytical reporting limrt
U Undetected at reported detectlon l-lmit

Ammonia determined on 2N KCI extracts.

Soil- Sample Report-OH26
ff*ei** ffi:*58; i! ffF F-Fi--B , #F#'#F4F a



SAI4PLE RESULTS-CONVENTIONALS aNALyTICAL A
OH26-science Applications, Intl. RESOURCES\/

INCORPORATED

Prolect: IRONDALE SEDIMENT QUALITY IN
Event: NA

Dafe Semnled. OI/08/09
Date Received: 0I/I0/09

Matrlx: Sedi-ment
Data Refease Author-ize
Reported: 0L / 22 / 09

Analyte

Client fD: ID-106-13-19-SD
ARI ID: 09-854 OH26I

Date Method Units RL ganple

Total Sol-ids AI/I2/09 EPA 160.3 Percent 0.01 14.20
011209#1

Preserved Tota,l Solids 0I/I2/09 EPA 160.3 Percent 0.01 68.70
011209#1

Total Volati]e Soflds 0I/I2/09 EPA 160.4 Percent 0.01 4.56
011209#1

N-Ammonia 0L/ 14 /09 trPA 350. 1M mg-N/kg 0. 13 0. 13
01r409#3

Sul fide t.42 4 .260I/L3/09 EPA 31 6.2 mg/kg
011309#1

m^+-1 n-^-^:^ --ruLar vrvqrrre uarbon 0L/I6/0 9 Plumb, 1981 Percent 0.020 3. 91
011609#1

RL Analytical reporting Iimit
U Undetected at reported detection limrt

Ammonia determined on 2N KCI extracts.

Soil Sample Report-OH26

fl}F+tr# ; #ffiffi+T



SAI"IPLE RESULTS-CONVENTIONALS 4NALyT;CAL A
OH26-Science Applications, fnt1. RESOURCES\/

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: O7/08/09
Date Received: 0I/I0/09

Matrix: Sediment
Data Refease Authorized:
Reported: OI/22/09

Analyte

C]-ient ID: ID-107-B-14-SD
ARI ID: 09-855 OH26J

Date Method Uni-ts RL Sample

Tota-I Sof ids 0L/12/0 9 EPA 160.3 Percent 0.01 14.10
0112 0 9# 1

Preserved Total Sollds 0I/72/09 EPA 150.3 Percent 0.01 70.80
0r7209#L

Totaf Vo]atr]e Solids 07/12/09 EPA 160.4 Percent 0.01 4.68
ort209+L

N-Ammonia 07/74/09 EPA 350.1M mg-N/kg 0.13 0.15
011409#3

Su-I f ide 21 .3 29907/13/09 EPA 316.2 mq/k-g
0113 0 9# 1

Tnf:r ora:nic -:1[ep 0I/16/09 p]umb,1981 percent 0.020 4.81
011609#1

RL Analyt-j-caJ reporting limit
U Undetected at reported detection limit

Ammoni-a determined on 2N KCI- extracts.

Soil SampJ-e Report-OH26

#H+trffi : #ffi#U#



Matrix: Sediment
Data Release Authorized
Rennrfccl' O1 /?2 /09

Analyte

MS /MSD RESULTS-CONVENT IONAIS
OH26-Science Applications, Intl.

Da

Arsbf;isr!@
INCORPORATED

Project: lRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: 07/08/09
Date Received: 0I/I0/09

Spike
te Units Sarnple Spike Added Recovery

ARI ID: OH26A Client rD: ID-108-12-18-SD

m^!-r n*--^:^ ^rrbon 0I/16/09 Percent 2.82 5.45 3.07 85.5%ruLqf, vrvarlr9 9c

ARr rD: OH26C Client ID: ID-102-9-15-SD

Sulfide OI/13/O9 mq/kq 1 42 612 \10 -4I.22

SoiI MS,/MSD Report-OH26



REPLICATE RESULTS-CONVENTTONAIS 4NALyT;CALA
OH26-Science Applications, Int1. RESOURCES\/

INCORPORATED

Matrix: Sedi-ment
Data Release Authorized
Reported:. 0I/22/09

Analyte Date

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: 0I/08/09
Date Received: 0I/L0/09

Units Sample RepJ-icate(s) RPD/RSD

ARI ID: OH25A Client ID: rD-108-12-18-SD

Total- Solids 0l/I2/09 Percent 10.10 68.50 2.62
61.70

Preserved Total So-Iids 0I/I2/09 Percent 14 .60 12.20 l.leo
12 .10

Tota1 Volati-Ie Sol-ids OI/I2/09 Percent I.19 1.54 11.02
1A)

N-Ammonia Ol/I4/09 mg-N/kg < 0.13 < 0.13 NA

T^+-l n---^l ^ ^^ruLqr vleorraL e.rrbon 0I/76/0 9 Percent 2.82 2.'7 4 1.5?
2 .80

ARI ID'. QH26C CLient rD: ID-102-9-15-SD

Su,l-f ide 0L/I3/09 mg/kg 142 453 48.42

Snr I Ronlrc:l- o Rannrl-ill)C

*#ffi#: ffiffi#ffi#



I.AB CONTROL RESULTS-CONVENTIONAIS
OH26-Science Applications, Int1. Arsbfi:*@

INCORPORATED

Matrix: Sediment
Data Release Authorized
Report ed: 01 / 22 / 0 9

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: NA
Date Received: NA

Spike
Analyte Date Units LCS Added Recovery

Sul-fide Ol/I3/09 mq/kg 135 I23 110.1%

Tota'l orc:nic c:6[6n 0I/16/09 Percent 0.511 0.500 I02.22

Soil Lab Control Report-OH26
e *#.Fffi " #-;#--FF*- ;



Matrix: Sediment
Data Release Authorized
Rennrfoel. n1 /22 /09

Analyte

METHOD BLANK RESULTS-CONVENTIONALS 4NALyTICALA
OH26-science Applications. Intl. RESOURCES\/

INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: NA
Date Received: NA

Date Units Blank

TotaI Solids

Preserved Tota-I SoIi-ds

TotaI Vofatrle Solids

N-Ammonia

Sul fide

m^!-r A--^^l^ ^1rbonf uLdr vr9a1rr9 vc

0I/I2/09 Percent < 0.01 U

0I/I2/09 Percent < 0.01 U

0I/I2/A9 Percent < 0.01 U

0I/74/09 mg-N/kg < 0.10 U

0I/13/09 mg/kg < 1.00 U

0I/76/09 Percent < 0.020 U

Soil Method Bfank Report-OH26



Matri-x: Sedi-ment
Data Rel-ease Authorized
Reported: 0I/22/09

Analyte/SRM rD

STANDARD REE"ERENCE RESULTS-CONVENTIONALS
OH26-Science Applications, IntI.

Date

Ais:fiSt!@
INCORPORATED

Project: IRONDALE SEDIMENT QUALITY IN
Event: NA

Date Sampled: NA
Date Received: NA

True
Units SRM Value Recowery

N-Ammonia 0I/I4/09 mg-N/kg 96.6 100 96.62
SPEX 2B -24A5

T^'-r A----'^ ^^rbon AI/16/09 Percent 3.44 3.35 102.12rvLo! vr9arlau !q

NIST #8704

SoiI Standard Reference Report-OH26

#Fitrffi: ffiffiffiffi=
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TOTAL SOLIDS

{3tsttrffi: #!ffiffiffi&



Extractions Total Solids-extts
IJAC  IJV: J1M HAWK

Created ' a/ 13 / 09

worK-Lfst: v /
Analyst: RVR
Comments:

5 u-4-

ARI ID Tare Wt WeL Wt Dry Wt
ar rE\Tf rn /^\\:r/ (S) (g) ts Sol-ids PH

1. OH25A 1-.19 12.22 10.01 80.0
o9 - 846
rD-108-12-l_8-SD

2. OH25B 1.16 1l_.95 9.62 78.3
o9 - 847
rD-101-8-14-SD

3. OH26C 1.1,9 1-2 .34 9.83 77 .5
09-848
rD-to2-9-15-SD

4. OH26D 1,.L9 11.09 9.L4 80.3
09 -849
rD- 103 - 1l- - 17 -SD

5 . OH26E 1 . l-5 13 .40 L0 .94 '19 .9
09-850
rD-l_03-11-17-D

6. OH26G 1.15 1-3.97 11.39 79.9
v>-632
fD-104-13-19-SD

7 . OH25H 1.15 12.92 10.69 81.1
09-853
rD-100-1s-21-SD

8. OH26r i-.16 13.34 10.48 76.5
09-854
rD-106-13-19-SD

9. OH26J 1.18 1-1,.49 9.L1 76.9
09-855
rD-1,07-8-14-SD

NR

NR

NR

NR

NR

NR

NR

worKlasE l.D: v / Pacle: l-

##=€ffiffi; ffi#ffiffiffi



Laboratory Data Package

prepared
for

Science Applications, Intl.

Project: Irondale Sediment Qualiff Investigation

ARI JOB NO: OH26

prepared
by

Analytical Resources, Inc.

ffi*{Hffi; ffiffiffiffiffi



Semivolatile Analysis
QC Summary Data

prepared
for

Science Applications, Intl.

Project: Irondale Sediment Qualify Investigation

ARI JOB NO: OH26

prepared
by

Analytical Resources, Inc.

ffi6 E&+ . e:F+€,-a 5
r-FA-?d@ - af,trffi|trffi E



Arsbffieb@
INCORPORATED

SW827O SEMIVOLATII.'ES WATER SURROGATE RECOVERY SI'MI,IARY

Matrix: Water QC Report No: OH26-science Applications, Intf'
PTOj CCT : IRONDALE SEDIMENT QUALITY INVESTIGA

Client ID NBZ FBP TPH DCB PHL 2FP TBP 2CP TOT OUT

MB-011409
LCS-011409
rD-104-R

67.22 65.52 82.82 58.42 67.22 65.12 59.62 70.42 0

59.22 67 .62 87.2+ 52.42 67 .2% 56.72 78.9% '70.42 0

58. O? 58.0? 70.0? 58.4% 63.5? 64.32 74.a2 58.5* 0

LCSIMB LIMITS QC LIMITS
(NBZ) = d5-Nitrobenzene (54-702) (40-103)
(FBP) = 2-Fl-uorobiphenyl (47-99) (35-98)
(TPH) = d14-p-Terphenyl (50-119) (2I-I22)
(DCB) = d4-1,2-Dichlorobenzene (39-86) (28-85)
(PHL) = ds-Phenol- (4s-100) (32-99)
(2FP) = 2-Fluorophenof (49-94) (36-93)
(TBP) = 2,4,5-Tribromophenol (49-11'7 ) (37 -I20)
(2CP) = dl-2-Chlorophenol $4-99) (40-98)

Prep Method: SW3520C
Log Number Range: 09-856 to 09-855

Page 1 for OH26
FORM-rr SW8270

ffiHffi#: ffi#ffi#H



ORGAI\TICS AIiIALYSIS DATA SHEET
Semivolatiles by Sw8270D GCIMS
Page L of 2

Lab Sample fD: LCS-011409
LIMS ID: 09-856
Matrix: Water

r^^^^ ^rrrr 
- -r---r '/?rjatra Keredse AuLnol.]-zecrt 1(

Reported: 01/19/09 ,ii./

Date Extracted . 0L/L4/09
Date AnafyzedI OI/L7/09 A2:25
Instrument/Analyst : NT6/L.fR
GPC Cl-eanuP: NO

Analyte

ANALYTICALl,))
RESOURCES \7
INCORPORATED

SamPIe ID: LCS-011-409
I.AB CONTROI,

QC Report No: OH26-science ApplicaLions, fntl.
Project: IRONDALE SEDIMENT QUALITY INVESTIGA

Date Sampled: 0L/08/09
Date Received: 0L/09/09

Sample Amount:
Finaf Extract Vo]ume:

Dil-utlon Factor:

Lab SPike
Control Added

500 mL
0.50 mL
1.00

Recovery

Phenof
Bis- (2 -ChloroeLhyl) Ether
t - al-' I nrnnhann la vrr!vrvts
1, 3 -Dlchlorobenzene
1, 4 -Dichlorobenzene
Benzyl Alcohol-
-t ?-ni nhl nrnl'ranzene
1 -Mat- hrr-l nhann-l

2, 2 | -Oxybis ( 1 -Chloropropane )

4 -Methylphenof
N-Nitroso-Di -N- PropyJ, amine
Hexachloroethane
Ni-trobenzene
Tcnnharnna
'l -trt i t rnnhanala rrf u!vyrrerrv+

2 , 4 -Dimethylphenol
Benzoic Acid
bis (2 -Chl-oroethoxy) Methane
2 ,4-Dichlorophenof
L, 2, 4-Trichforobenzene
\T:nl.rf ha I anc

4 - Chl-oroani l- ine
Hexachl-orobutadiene
4 -Chloro- 3 -methYlPhenof
? -Mct-hrzl n:nhl-ha l enea |rv errJ

Hexachf orocyc I opent adi ene
2 ,4 ,6 -Trichlorophenol
I a q -Tri ch'l nrnnhenOl-!t f vtrrv!vF

2 -Chforonaphthalene
2 -Nitroaniline
Dimethylphthalate
Acenaphthyfene
3 -Nitroanil-ine
Acenaphthene
2 ,4-Dinitrophenol-
4 -Nitrophenol
Dibenzofuran

16 .7
16 .2
1,'7 .4
13.1
13.1
25]_ E

1A 1

1,7 .3
a5 .6
37 .0
1,6 .5
11.3
t7 .6
aB .2
20.3
r7 .2
s3.0
L7 .8
19.0
15.0
17.0
40 .7
13.0
20 .0
a7 .l
AO a

18.5
rd. o
1,7 .4
18.5
19.3
18.0
55. B

18.4
100

7'7 .0
18.8

25 .0
25 .0
25 .0
25.O
25 .0
50.0
25 .0
25 .0
25 .0
50.0
25 .0
25 .0
25 .0
25.O
25 .0
25.O
75.0
25 .0

za . v
25 .0
60.0
25 .0
25 .0
25 .0
75.0
25.O
25 .0
25 .0
25 .0
25 .0
25 .0
54 .0
25 .0
75.0
25 .0
25 .0

66 .82
64 .82
69.62
52 .42
52 .42

5022
56 .42
6v .26
62 .42
74.02
66 .0%
45.2%
10 .4%
72 .8%
BI .22
58.83
70.'72
71-.22
'7 6 .02
60.0?
68.0?
61 .82
52.O%
BO. OB

70.8?
65. b6
74.02
74.42
69 .6%
74.4%
77.22
72 .02
87.22
73.62

133%
68.0i|
/5.26

FORM III



ORGAI\TICS AIiIALYSIS DATA SHEET
Semivolatiles by Sw8270D GclMs
Page 2 of 2

Lab Sample ID: LCS-01L409
LfMS ID: 09-856
Matrix: Water
Date Anal-yzed I 0L / 1,7 / 09 1,2 :25

Analyte

Danarl- \Ta.
Dr^i a^t- .

Lab
Control

A:3bfi:*@
INCORPORATED

Sarnple fD: LCS-011409
LAB CONTROL

OH25-Science Applications, Intl.
IRONDALE SEDIMENT QUALITY INVESTIGA

Spike
Added Recovery

? 6-ninifrofnlrrene
2 , 4 -Dinitrotoluene
ni ot-hrrl nl-rl-hal:l-a

4 - Chlorophenyl -phenylether
Ffuorene
4 -Nitroanifine
4, 5 -Dinitro - 2 -Methylphenol-
N -Ni trosodiphenyl amine
4 - Bromophenyl -phenyl etshe r
Hexachl-orobenzene
Pentachl-orophenol
Phenanthrene
Carbazol-e
Anthracene
f) j -n -Rrrl- rrl nhl. ha I aLeuL LL DvvI

Fl-uoranthene
Pyrene
Butylbenzylphthalate
? ? | -nichlnrnlrenzidine
Benzo (a) anthracene
bis (2 -Ethylhexyl ) phthalate
r,al-rrrraana

ni -n-n.l-\/l nhl- h:latev+ rr ve ef f FJrefru

Benzo (b) ffuoranthene
Benzo (k) ffuoranthene
Benzo (a) pyrene
Indeno (I,2 ,3 -cd) pyrene
nlL^-- /^ L\ -'.tsL-u.l-penz (a, n/ d.rrLrlr acene
Benzo (9, h, i ) perylene
1-Methylnaphthal-ene

Semivolatil-e Surrogate Recovery

27 .1
22 .4
20.2
]-8.2
1,9 .4
1,9.r
46 .0
19.5
19.8
a9 .9
20 .0
20 .9
21, .8
20.2
21 .2
2r.2
20 .9
2t.r
44 .7
20.2
21,.2
19 .7
20 .5
20 .5
27 .4
77 .0
22 .0
19 .5
r8-4
L9 .4

25 .0
25 .0
25 .0
25 .0
25 .0
25 .0
75.0
25 .0
atr n

25 .0
25 .0
25 .0
25 .0
25 .0
25 .0
25 .0
25 .0
25 .0
64 .0
25 .0
25 .0
25 .0
25.O
25 .0
25 .0
25 .0
25 -O
25 .0
25 .0
25 .0

86.8?
89.5%
80.8?
72 .82
'77 .52
'7 6 .42
5a .32
78.0%
79.2%
79.62
80.0%
83 .6?
87.2%
80.8?
B4 .82
84.8?
83 .62
84 .4eb
69 .82
80.88
84 .82
78.82
82.O%
82.O2
85.5%
68.ots
88.0%
7B. OE

73.52
7'7 . 62

d5 -Nitrobenzene
2 -Ffuorobiphenyl
d14 -p-TerphenYl
d4 - t, 2 -Dichf orobenzene
d5 - Phenol
r-rlrrarnn}rannl4 r fsv!vy

. L A-Trihrnmnnhenof-t=tw

d4 -2 -Chlorophenol-

69.22
67.62
8a.22
62 .42
57.22
66. /6
t8.96
70.42

Results reported in pg/L

FORM III

f,3F-€ffi# ; ##ffi#E=E



sEMrvoLArrLE rfiB"oo

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OH26

Lab Fil-e ID: OH26MB

Instrument ID: NT5

Matrix: LIQUID

OH25MBWl

CIient: SAIC

Project: IRONDALE SEDIMENT QU

Date Extracted: 0I/L4/09

Date Analyzed: 0L/1,7 /09
Time Analyzed: 1153

BLANK NO.
BLANK SUMMARY

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

L
SAMPLE NO. SAMPLE ]D FILE ID

OH2 5LCSW1
rD- 104 -R

OH2SLCSW]-
OH26K

OH25SB
OH26K

ANALYZED

or/ 17 / oe
n't lt- /aovll L t I vr

01
02
n?
04
05
UO
07
08
09
10
11
L2
t_J
74
l_f,
76
1,7
18
r>
zu
2I
22
23
.Az+
25
zo
27
28
z>
30

COMMENTS:

page 1 of l-
FORM IV SV

#F+Effi : ffiffi##m



5B
SEMIVOLATTLE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRI PHENYLPHOSPHINE ( DFTPP )

Lab Name: AItrALYTICAL RESOURCES, INC

fnstrument ID: NT5

DFTPP Injection DaLe: 0I/L3/09

m/e

CIient: SAIC

Project: IRONDALE SEDIMENT QU

DFTPP Injection Time: 0842

ABUNDANCE

51
58
6Y
70

r27
L97
198
]-99
275
365
447
442
443

ION ABUNDANCE CRITERIA

30.0 - 80.0? of mass 198
Less than 2.OZ of mass 69
Mass 69 relative abundance
Less than 2.02 of mass 69
25.0 - 75.0? of mass 198
Less than 1.0% of mass 198
Base Peak, L00? reLative a
5. O to 9.0? of mass 198
1-0.0 - 30.0? of mass 19
Greater than 0.75% of *"
Present, but less than mass 443
40.0 - 110.0? of mass 198
15.0 - 24.0% of mass 442

I t -z
v.z

92.O
0.5

58.7
0.0

100.0
7.L

25 .0
4 .09
9.5

64 .6
72.7

l---T-:zIT

l---ol5)T

l-Val-ue r-s ? mass 69 2-Val-ue rs Z mass 442

THIS CHECK APPLTES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

I LAB
SAMPLE IDSAMPLE NO. FILE TD ANALYZED

ABN
ABN
ABN
ABN
ABN
ABN

25
80
1
40
5
10

ABN 25
ABN 80
ABN 1
ABN 40
ABN 5
ABN 10

02 5 011_3
08001r_3
0 010113
04 0 01r_3
00501r_3
010 0113

0L/L3/0e
01,/1,3/09
oL/L3 / 0e
0L/L3/0e
01,/1.3/Oe
or/ L3 / oe

ANALYZED

0842
0 915
0948
L02]-
10 54
IL27

01
UZ
03
04
05
UO
a1
08
09
10
11
L2
J-J
1-4
15
l_o
11
18
L>
zu
2T
22

page 1 of 1
FORM V SV

ffi*"Hffi#; ffi#ffiffi#



5B
SEM]VOLAT]LE ORGANIC ]NSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, INC

Instrument ID: NT5

DFTPP Injection Date: 0l/Ll/Og

Client: SAIC

Project: IRONDALE SEDIMENT QU

DFTPP Injection Time z LO47

m/o

=====
51
58
bv
10

1"27
797
198
L99
275
365
44L
442
443

rON ABUNDANCE CR]TERIA

30.0 - 80.0% of mass l-98
Less than 2.OZ of mass 6
Mass 59 rel-ative abundanc
Less than 2-02 of mass 69
25.0 - 75.0? of mass 198
Less than 1.0% of mass 198
Base Peak, 100? relative ab-u-nG-nce
5.0 to 9.0? of mass 1-98
10.0 - 30.0? of mass 198
Greater Lhan O.752 of mass 198

ABUNDANCE

69 .4
0.5

81.9
0.4

50.1

100.0
7.7 

-

zz.J
5 .3+
9.7 

-

oz.+
1,2.e -(-2ffi12

-;--7-^--++z

T--T':ZT
l---T-.57

Present, but l-ess than mass
40.0 - 110.0% of mass 198
15.0 - 24.0? of mass 442

443

l-value ]-s z mass 69

SAMPLE NO.

ABN CCAL
OH25MBW1
OH26LCSW1
rD- 104 -R

z-Value l_s Z mass

THIS CHECKAPPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAMPLE TD

ABN 25
OH26MBW1
OH26LCSW1
OH25K

FILE TD

cco117
OH26MB
OH26SB
OH26K

ANALYZED

01,/t7 /0e
0L/L7/0e
oL/L7/oe
0L/t7/0e

ANALYZED

L047
II-5J
7225
l_ t++

0l_
02
03
04
ntr
UO
o7
08
09
10
t_ t_

72
t_J
1-4
15
IO
I7
18
19
20
2I
zz
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8B
SEMIVOLAT]LE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OH26

Cont . CaIib. ID: CCO1l-7

Instrument ID: NT6

CIient: SAIC

Project: IRONDALE SEDIMENT QU

Date Analyzed: 07/77 /09
Time Analyzed: 7047

============
12 HOUR STD
UPPER LIMIT
LOWER LIM]T

CLIENT SAMP.
NO.

AREA #

100391
200782

50195

RT#
6.80
7.30

==!=19=

AREA #

362344
724688

===!2!',=!?=

RT#
8.87
9 -37

==3=1]=

AREA #

2L8549
437 098
r0927 4

RT

11.70
L2.20
IL.20

01
UZ
03
04
05
05
UI
08
09
10
t_ t_

L2
13
1-4
15
IO
t7
ItJ
r>
zv
2t
22

OH26MBW1
OH25LCSW1
rD- 104 -R

L0L223
10 5 018
772453

6.80
5.80
5.80

37557 9
3 81102
405209

I .87
8.87
8.85

222492
230938
225447

-i1.io-
11.70
L7 .69

rsr- (DCB)
rs2 (NPT)
IS3 (AI[T)

= 1, 4-Dichlorobenzene-d4
= Naphthalene-d8
= Acenaphthene-d10

AREA UPPER LIMIT = +100% of i-nternal- sLandard area
AREA LOWER LIMfT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag internal standard area va1ues with an asterisk.* Values outside of QC limits.

page 1 of 1
FORM VIII SV-1
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8C
SEMIVOI,ATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OH26

Cont. Calib. ID: CCO117

fnstrument ID: NT6

AREA

CIienL: SAIC

Project: TRONDALE SEDIMENT QU

Date Analyzed: 07/L7 /09
Time Analyzedz 1047

AREA RT AREA RT

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

365794
731588
782897

329983
659966
'J.64992

-;0.;;-
20.89
r_9.89

L4
L4
t_3

.03

.53

.53

78.28
18.78
17.78

3377 85
67 557 0
L68892

CLIENT SAMP.
NO.

oH26MBW1
OH26LCSW1
rD- 104 -R

--- 3e;eio-
37 6272
37 47 49

==========
329736
347 682
34L37 I

=======
20 .39
20 .39
20 .39

'14 - 02
14 .03
t4.02

343933
35r.835
346s21_

L8 -27
L8.27
L8.27

01
vz
UJ
04
05
05
07
08
09
10
11
T2
l_J
I4
15
L6
I7
J-U

r>
ZU
2I
22

IS4 (PHN) = Phenanthrene-d10
IS5 (CRY) = Chrysene-d12
IS5 (PRY) = Perylene-d12

AREA UPPER LIMIT = +100? of internaf standard area
AREA LOWER LIMIT = - 50% of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag internal standard area val-ues with an asterisk.* Values outside of QC limits.

page 1 of 1
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8C
SEMIVOLATTLE ]NTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, fNC

ARLJob No: OH26

Cont. Calib. ID: CCO117

fnstrument ID: NT5

Client.: SAIC

Project: IRONDALE SEDIMENT QU

Date Analyzedt 0L/L7 /09

Time Analyzed: 1047

AREA #

5 8902 0
1178040
2945t0

RT#
19.55
20.05
19.05

AREA # RT# AREA #
-it-;ouR-il;

UPPER L]MIT
LOWER LIMIT

CL]ENT SAMP.
NO.

oH25MBW1
OH25LCSW1
rD-104-R

RT

582827
618s 5 3
60I7 95

19.54
79.54
19 .54

01
02

04
05
UO
07
08
09
10
11
L2
13
I4
15
1al_o
I7
18
tv
20
2L
22

IS7 = Di--n-oct.ylphthalate-d4

AREA UPPER LTMIT
AREA LOWER LIMIT
RT UPPER LIMIT =
RT LOWER LIMIT =

# Column used to* Values outside

= +100? of internal- standard area
50% of internaf standard area

+ 0.50 minutes of internaf standard
- 0.50 minutes of internal standard

flag internal- standard area values
aF t\/a'li*.its^v! vu f ttrrrup.

RT
RT

wiLh an ast,erisk.

pa9e 1of1
FORM VIII SV-3
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Analytical Resources, I ncorporated
Analytical Chemists and Consultants

ebruary 26,2009

Neil Morton
GeoEngineers, Inc.
Plaza 600 Building
600 Stewart Suite 1700
Seattle, WA 98101

RE: Project: lrondale Sediment Quality lnvestigation
ARI Job No.: OK55

Dear Mr. Morton:

Please find enclosed original Chain-of-Custody (COC) record, sample receipt
documentation, and the data package for samples from the project referenced above.

Sample receipt and details of these analyses are discussed in the Case Narrative.

Please note that current ARI control limits are availdble at wwrv.arilabs.com.

An electronic copy of this package will remain on file with ARl. Should you have any
questions or problems, please feel free to contact me at your convenience.

Sincerely,

Susan D. Dunnihoo
Director, Client Services
206-695-6207
sue@arilabs.com

Enclosures

cc: eFile OK55

SD/co

4611 South 134th Place, Suite 100. TukwilaWAg8l68 o 2O6-695-6200. 206-695-6201 fax



Chain of Custody
Documentation

prepared
for

Science Applications, Intl.

Project: 2009 Irondale Sediment Quality Investigation

ARI JOB NO: OK55
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Analytical Resources, Inc.
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ARl Client:

COC No:

Analytical Resources, lncorporated
Analytical Chemists and Consultants

\Atc Project Name:

Delivered by:

Tracking No:

l-L-^l.r c/

Assigned ARI Job No:

Preliminary Examination Phase:

Were intact, properly signed and dated custody seals aftached to the outside of to cooler?

Were custody papers included with the cooler?

Were custody papers properly filled out (ink, signed, etc.)

Record cooler temperature (recommended 2.0-6.0 "C for chemistry'

Cooler Accepted by: oate: I lzo/a.l
Complete custody forms and attach all shipping documents

sJ

Gooler Receipt Form

Time:

YES

G,
6

,5, L

G;
NO

NO

"c

Ipz9

Log{n Phase:

Was a temperature blank included in the cooler?

What kind of packing materialwas used?

Was sufficient ice used (if appropriate)?

Were all bottles sealed in individual plastic bags?

Did allbottle arrive in good condition (unbroken)?

Were all bottle labels complete and legible?

Did allbottle labels and tags agree with custody papers?

Were all bottles used correct for the requested analyses? -.-..-.-.......-:..

Do any of the analyses (bottles) require preservation? (aftach preservation checklist) . ... . ..

Were all VOC vials free of air bubbles?

Was sufficient amount of sample sent in each bottle?

YES @
I c-c-

@)e
YES (N9-'

x€9. No

ry, No

UP, NO

8F NO

YES G>
YES NO

@No
Samples Logged by: 5|+ oate: tl?),OC\ rime: J/SD

** Notifyt Project Manager of discrepanaies or concerns **

Explain discrepancies or negative responses:

By: Date:

0016F Cooler Receipt Form -=:.E *- F -', Rghim-@&-'Liflr'* -r " E:->ii8ltifts7#



Case Narrative
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Project: 2009 Irondale Sediment Quality Investigation
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ANALYTICAL
RESOURCES
INCORPORATED

Case Nawative

Client: GeoEngineers
Project: Irondale Sediment Quality Investigation
Matrix: Sediment
ARI Job No.: OK55

Sample receipt

Three sediment samples were received on January 30,2009, under ARI Job OK55. The
cooler temperature measured by IR thermometer following ARI SOP was 5.2'C. The
samples were received in good condition with no discrepancies in paperwork. For further
details regarding sample receipt, please refer to the Cooler Receipt Form.

PSDDA Semivolatiles

The sample was extracted and analyzed within required holding times.

Initial and continuins calibrations were within limits. Internal standard areas were within
control limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporting limits. The LCS percent recoveries were within
control limits.

The matrix spike percent recovery of Z,4-Dimethylphenol fell outside the advisory control
limits for sample ID-000-MIX. No corrective action is required for matrix QC.

SIM Semivolatiles

The sample was extracted and analyzed within required holding times.

Initial and continuins calibrations were within limits. Intemal standard areas were within
control limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporting limits.

There was no LCS percent recovery for Benzyl Alcohol for LCS-020509. The associated

sample was undetected for this compound. No fuither corrective action was required as the
compound is a known poor performer.

Page I of3
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Case Narrative OK55



ANALYTICAL
RESOURCES
INCORPORATED

The matrix spike percent recovery of Pentachlorophenol fell outside the advisory control
limits and there were no matrix spike/matrix spike duplicate percent recoveries of Benzyl
Alcohol for sample ID-000-MIX. No further corrective action is required for matrix QC.

PSDDA Pesticides bv SW8081

The sample was extracted and analyzed within required holding times.

Initial and continuins calibrations were within limits. Internal standard areas were within
control limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporling limits. The LCS percent recoveries were within
control limits.

Several matrix spike/matrix spike duplicate percent recoveries were outside the advisory
control limits for sample ID-000-MIX. No further corrective action is required for matrix
QC.

NWTPH-Dx Acid/Silica Cleaned

The samples were extracted and analyzed within required holding times.

Initial and continuing calibrations were within limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporting limits. The LCS percent recovery was within
control limits.

The matrix spike/matrix spike duplicate percent recoveries were within advisory control
limits.

Total Mercurv

The sample was digested and analyzed within required holding times.

The method blank was clean at the detection limit. The LCS percent recovery was within
the control limits.

The matrix spike percent recovery and duplicate RPD were within control limits.

Page 2 of3Case Narrative OK55



ANALYTICAL
RESOURCES
INCORPORATED

General Chemistrv Analvses

The samples was prepared and analyzed within required holding times.

The method blanks were clean at the detection limits and the LCS percent recoveries were
within the control limits.

The SRM percent recoveries were within control limits.

The matrix spike percent recoveries were within control limits.

The replicate RPD of Sulfide was outside the control limit for sample SB-REF-ID-01. All
other quality control parameters were met for sulfide. No further corrective action was
required.

Geotechnical Parameters

A laboratory specific narrative follows.

Page 3 of3
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Jl EAnalytical Resourc"r,, n"orporated

-aU Analytical Chemists and Consultants

Approved by:
Title:

1.

2.

3.

4.
5.

Client: Science Applications, Intl. ARI Project No.: OK55

Client Project: 2009 lrondale Sediment Quality lnvs.

Case Narrative

Three samples were submitted for grain size analysis according to Puget Sound
Estuary Protocol (PSEP) methodology on January 30, 2008.
The samples were run in a single batch and one sample from this job was chosen
for triplicate analysis. The triplicate data is reported on the QA summary.
The samples did not contain the required 5 grams of fines for the pipette portion of
the analysis. The analytical balance has a capacity of about 200 grams (by 0.0001
grams) and a sample that would yield 5 grams of fines could not be split and stay
within the capacity of the balance.
The data is provided in summary tables and plots.
There were no other noted anomalies in this project.

t/
Date: L/25 ICt/Geotechnical Divisioh Manaqer

4611 South 134th Place, Suite 100 . Tukwila WA 98168 o 206-695-6200 .ffiffiF6ffiHf###



LCS SOLUTIONS o2n7ns

LABEISOLN IE TEST CONC. UG/MLSOLVENT EXP.
1 1549-3 PCB 20 ACETONE 10110/09
2 1472-3 BCOC PEST 10 ACETONE 07l20lo8
3 1579-3 PEST 02104120 ACETONE 09123109
4 1576-3 LOW PEST 0.210.412 ACETONE 07l31lo9
5 1580-2 EPH 1 500 MECL2 01129110
6 1559-2 PCP 12.51125 ACETONE 11105109
7 1581-4 ABN 100 ACETONE 08/01109
8 1566-1 TBT 2.5 MECL2 12104109
9 1567-3 PORE TBT .125t.25 MECL2 12104109
10 1578-3 ABN ACID 1001200 MEOH 10121109
11 1563-3 TPHD 1 5000 ACETONE 11t20to9
12 1563-1 ABN BASE 200 ACETONE 06/30/09
13 1573-2 LOW PCB 2 ACETONE 10110/09
14 1547-1 LOW ABN ACID 10120 MEOH 04110/09
15* 1452-1 SIM PNA 15175 MEOH 04t09t09
16 1502-2 DIOXANE 100 MEOH 02120109
17 1516-2 1248 PCB 20 ACETONE 05107109
18 1514-4 LOW SIM PNA 1.517 .s ACETONE 04124109
19 1574-4 AK103 7500 MECL2 12102109
20 1572-2 PNA 100 ACETONE 12t26t09
21* 1414-4 SKY/BHT 100 MEOH 04/08/09
22 1570-1 HERB 12.5112500 MEOH 02119/09
23 1505-1 OW ABN BASE 20 MEOH 03120109
24 1573-4 LOW ABN 10 ACETONE 08/01/09
25 1481-1 DIPHENYL 100 MEOH 07l20log
26 1545-2 OP-PEST 25 MEOH o2l14lo9
27 1495-1 STEROLS 200 MEOH 12t29108
28 1494-1 ADD. PEST 4 ACETONE 01123109
29 1496-3 DECANES 100 MEOH 02t12t09
30 1497-2 EDB/DBCP 2 ACETONE 02112109
31 1510-3 TERPINEOL 100 MEOH 03121109

Page 1
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32 1576-2 GUAIACOL 50-200 ACETONE 06/05/09
33 1522-1 RESIN ACID 250 ACETONE 06t11/09
34 1530-2 CONGENERS 1 ACETONE 07 t23t09
50 1571-1 FULL RESIN 250 ACETONE 06/10/09

*=RE\ ERIFIET SOLUTION

LCS SOLUTIONS o2t07tog

Page 2
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SURR SOLUTIONS ozoTtos

LABEL SOLN ID TEST CONC. UG/ML SOLVENT EXP.
A 1559-5 ABN 100/150 MEOH o3113/09
B 1572-1 SIM PNA 15175 MEOH 08128109
c 1559-1 SIM ABN 25137.5 MEOH 03113/09
D 1573-3 LOW PCB 0.2 ACETONE 07l31lo9
E* 1478-1 HERB 62.5 MEOH 09t21t09
F 1574-3 PCP 12.5 ACETONE 01t06t10
G 1534-1 l,4DIOXANE 100 MEOH 02120109
H 1545-1 OP-PEST 25 MEOH 02114to9
I 1559-4 LOW S. PNA 1.5 MEOH 08128t09
J 1566-5 TBT.PORE 0.125 MECL2 12t04t09
K 1538-1 MED PCB 20 ACETONE 07131t09
L 1566-4 TBT 2.5 MECL2 12t04t09
M 1578-1 EPH 1 500 MECL2 12t09t09
N 1538-2 PCB 2 ACETONE 07 t31tog
o 1567-4 TPH 450 MECL2 09124109
P 1560-3 HCID 2250 MECL2 09l24l09
o 1497-3 EDB 2 ACETONE o2t12to9
R 1521-4 RESIN ACID 250 ACETONE 06t11/09
S 1568-5 PBDE .25 MEOH 12t11l09
T *reverifier solution
U

V
W
X
Y
Z

Page 1
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Inorganic Data

Data Reporting euatifier.s
Effective 12t2BtO4

u Indicates that the target analyte was not detected at the reported concentration
- Dupticate RpD is not within estabfished contror rimits

B Reported varue is ress than the .RDL but > the Reporting Limit
N Matrix Spike recovery not within estabrished contror rimits
NA Not Appticable. anatyte not spiked

H The natural concentration of rhe spiked erernent is so much greater than
fr::io?:t"""" 

spiked that an accurate determination of spike recovery is

L Analyte concentration is S5 times the Reporting Limit and the repricate contror limitdefautrs ro r_1 RL instead of the normaf )E;i F<po

Organic Data

u Indicates that the target analyte was not detected at the reported concentration* Flagqed vatue is not within estabrished contror rimits

B Analyte detected in an associated Method Blank at a concentration greater than
ffJ:l$*T|',["g#3.Limit or 5o/o "; th; resutarory timir or 5r" orthe anaryre

J Estimated concentration when the vatue is less than ARI's established reporting

D The spiked compound w-as not detected due to sample extract dilution
NR spiked compound re@very is not reported due.to chromatogr:aphic interference
E Estimated concentration calculated for an anatle respoftse above the validinstrument calibration range- A ditution is required to obtain an accuratequantification of the anatyte-

i tndicates an anatyte response that
concentration is not vafid; a dilution
analyte

The flagged analyte was not analyzed for

The ffagrged analyte was not spiked into the sample

the
not

has sattrrated the detector- The calculatedis required to obtain vatid.quantification of the

IA

IS



Estirnated value for an analyte detected and confirme_d by an anatyst but with rowspectrar match paramerers- This flag is ,rr.J;;,r;;; cc_Ms anafyses
The sampfe contains-fg8 

--T^g",',grs that do not match any standard Arocrorpattern- The PCBs are identifiea?o quantifiJ"l?. Arocfor whose paftern mostctosefv marches thar of tt" .r-Jr"'_ rr,'" *p;;J;;iue is an estimate-N 
Jffi"'*1t:,:fl::::,lnjJffff;jm, anaryre ror: which rhere is presumprive

Y The analyte is not detected at or above the reported concentration- The reportingffif;il':","t::J?"H:ffiTtriffill,Jrl,-,,." rhe y nas is equivareni to tn"
c 

:ff"il1t#.#ff.H:Y:gj11"tin'6 on ontv one or two chromatosraphic corumns-
column 

r'qFr"v 'rrtsrrelerlce prevented a positive identificatior,'oI",'ia""r""a".o

P The analyte was detected on both chromatographic cofumns but the quantifiedvalues difter by >4oY" RPD with tt" oo"-,r. liro.r,"tographic interference
Geotechnical Data

The totat of all fines fractions- This flag is used to report totat fines when onrysieve anarysis is requested and batances-t"Lr g"r; size with sampre weight_
Sarnples were frozen prior to particle size determination
sampre matrix was not approprial.: for the requested anatysis- This normaryr9fe1s to sampres contaminated *ll :" ;;il; ;r-uct rhat interferes with rhestevrng process andlor moisture content. pd;iGlo sat,r.ation carc'rations

Sample did not contein tlro n-^^^::_ _

portion of rhe;*#:,::""*",u3,1p"rtion of 'fines- required to perfon4 rhe pipene

M

M2

A

F

SM

SS

W Weight of sample in some
acqrr. te weighting 

I plpette aliquots was below the level required for

?iFr;;F-L} qffUFHF 
=. 

l.5



Data Summary Package
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Aisbfi:ti@
INCORPORATEDORGANTCS ANALYSIS DATA SHEET

PSDDA SemivolaEiles bY SW8270D
Page I of 2

Lab Sample ID: OK55A
LIMS ID: 09-3059 )
Matrix: Sediment Z
Data Ref ease Authorized,{ffi
Reported : 02 /a3 /09 t/ -''

Date Extracted: 02/05/09
Date Anaflzed: 02/12/09 L9'46
Instrument/Analyst : NT6/LJR
GPC Cleanup: Yes

CAS Number Analyte

Sample ID: ID-000-MIX
SAMPLE

QC Report No: OK55-science Applications, Intl.
Project: 2009 IRONDALE SEDfMENT QUALITY fNVS

NA
Date Sampled: 07/29/09

DaLe Received: 0L/30/09

SampJ-e Amount; 25.8 g-drY-wt
Final Extract Volume: 0.5 mL

Ii-lution Factor: 1.00
Percent Moisture : a9 .4*

RL Result

cclMs

708 - 95-2
541,-'73-r
106-46-'7
100-51-6
95-50-1
95 - 48 -'/
IO6 -44- 5

67 -72-r
ro5-6'7 -9
65 -85-0
rzu-62- L

91, -20 -3
aJl-bo-J
9r-5 t -b

-15.L_IJ.-J
208 -96 - I
83-32-9
L32-64-9
84 - 66-2
86-73-1
aJb-JU-O
LLg-'t4-1,
87-85-5
85-01-8
r -n a a tLZV-LZ- t

84-74-2
206 -44-O
129-00-0
85-58-7
55-55-3
rt'7 -8r-'7
2r"8-01-9
117-84-0
205 -99 -2
207 -08-9
50-32-8
193 -39-5
53-70-3
r>r-za-z

Phenol
1 1 -ni chl nrnhcnzene
1, 4 -Dichforobenzene
ElanT\/l Al cnhal
1 ? -ni eh 1 ornhenTgng
? -Mat-hrzl nhennl
4 -Methylphenol
Hexachforoethane
) a -f't i me|- hrr'l nhan6 |
Benzoi-c Acid
1, 2, 4-Trichlorobenzene
NT:nh1- hal ene

Hexachlorobutadiene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthylene
a ncn anh t hene
Dibenzofuran
Diethylphthalate
Ffuorene
N -Ni trosodiphenylamine
Hexachl-orobenzene
Pentachl-orophenol
Phenanthrene
Anthracene
Di -n- Butylphthalate
FluoranEhene
Pyrene
ButylbenzyJ-phtha I ate
Benzo (a) anthracene
bis (2 -Ethylhexyf) phthalate
Chrysene
Di-n-Octyl phthalate
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (a, 2, 3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene

a9
19
I9
19
19
t9
1,9

L9
19

190
1,9
1,9
I9
1,9

I9
I9
a9
19
19
19
19
1,9
97
t_9

I9
19
19
19
I9
L9
I9
l_9

19
19
T9
a9
19
T9
19

<L9
< 19
< 19
<19
< 1,9
<19
< 19

- 1A

< 190
<19
<19
<19
- 10
< 1_9

<rg
<!9
< 19
<19

< 1,9
<19
<97

10
<19
< l_9

2L
38

, 1A

15
<19

37
< ry

13
< 1_9

< ry

< 19
<L9

U
U
U
U
U
U
U
U
U
u
U
U
U
U
u
U
U
U
U
TT

U
u
U
.f
U
U

U
.f
U

U
J
U
U
U
U
U

FORM I |3vilffiffi': ffir*##*hffi



ANr..-.^-. a,rLY I rr/AL (t/r-l
RESOURCES \Z

ORGANICS AIIALYSIS DATA SHEET INCORPORATED
PSDDA Semivolat.iles by sw827 0D Gc,/Ms Sample ID: rD-000-MIx
Page 2of 2 SAI{PLE

Lab SampJ-e ID: OK55A QC Report No: OK55-science Applicati-ons, fntf.
LfMS ID: 09-3059 Project: 2OO9 IRONDALE SEDTMENT QUALfTY INVS
Matrix: Sediment NA
Date Analyzed: 02/T2/09 79:46

CAS Number Analytse RL Result

9o-I2-o 1-Meth\rlnaphthalene 19 < 19 U

Reported in pg/kg (ppb)

Semiwol-atile Surrogabe Recovery

d5 -Nitrobenzene
d1a -p -Terphenyl
d5 - Phenof

6r.22
77.22
63.'tZ

2 - Fluorobiphenyl 63.22
d4-I,2-Dichlorobenzene 59.62

2,4,6-Tribromophenol 81.1?
2 -Fluorophenol-
d4 -2 -ChlorophenoJ-

58.'72
62.12

FORM I



:i::\::i\f

I AisbfJsr!@
INCORPORATED

SW827O SEMIVOI,ATILES

Matrix: Sediment

Client ID

SOIL/SEDIME}frf SURROGATE RECOVERY SI'MMARY

O(- trennrl- \Tn. f.)Kqq -Qci ence Annl i -rt- i 
^nq 

TnFl

Project: 2009 IRONDALE SEDIMENT QUALITY INVS

NBZ FBP TPH DCB PHL 2FP TBP 2CP TOT OUT

MB-020509
LCS-020509
rD- OOO -MIX
ID_OOO_MTX
ID- OOO _MTX

56.42 5s.22
52.82 50.8%
61- .22 63 .22
56.0? 58.42
s4.8? 58.8?

80. B? 58. BE
/5. 26 53 . 26
'77 .22 59 .62
58.88 55.22
70.0? 56.4%

LCS/MB I.IMITS

56. s? 54.LZ
52.36 51.56
63.72 58.72
60.0t 54.72
57 .52 54.92

QC LTMITS
(2e-87)
(32-BB)
\2r-91)
(25 - 82)
(2e -85)
(10-114)
(2s - 103 )
(30-84)

60.5% 58.18
64 . Bz 52 .82
81.18 62.'7%
74.1-Z 57 .LZ
74.92 57.62

0

0

0MS
MSD

{NBZ )
(trRp)
(TPH)
(DCB )

( PHL)
(2FP)
(TBP)
(2CP)

2"-ac\
39-82)

33 -1 9)

d5 -Nitrobenzene
2 -Fluorobiphenyl
d14 -p-Terphenyl
d4 - 1, 2 -D j-chlorobenzene
d5 -Phenol
2 -Fluorophenol
2 , 4 , 6-Tribromophenol
d4 -2 -Chlorophenol

!UY

(40-85)
(20-93)
(4O -96)
(41-81)

Prep Method: SW3550B
Number Ranqe: 09-3059 to 09-3059

Page 1 for OK55
FORM-rr 5W8270

iiH#5: ####sffi



ORGANICS ANAIJYSIS DATA
PSDDA SemiwolaEiles bv
Pacre l. oI L

Lab Sample ID: OK55A
LIMS 1D: 09-3059
Matrix: Sediment
Data Rel-ease Authorized
Reported: 02/13/O9

SHEET
sw8270D GCIMS

.)a

a\ANALYTICAL ('_.
RESOURCES\7
INCORPORATED

Sannple ID: ID-000-MIX
MS/MSD

Report No: OK55-Science Applicatlons, Intl.
Project: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Date Sampled: 01,/29/o9
Date Receiwed: O1,/3O/O9

'4
Date Extracted MS/MSD: 02/O5/09

Date Anafyzed MS: 02/12/09 20:19
MSD: 02/A2/09 20:52

Instrument/Analyst MS: NT6/LJR
MSD: NT6/LJR

GPC Cleanup: YES

AnaIyt.e Sample MS

Sample Amount MS:
MSD:

Final Extract VoLume MS:
MSD:

Dilution Factor MS:
MSD:

PercenL Moi-sture:

0.5 mL
0.5 mL
1. 00
1.00
r9.4 z

Spike MS
Added-MS Recovery

Spike
Added-MSD

MSD

Recovery RPDMSD

Phenol < I9.4
1,3-Di.chlorobenzene < 19.4
1,4-Di.chlorobenzene < 19.4
Renzrzl Alcnhol < 19.4
1,2-Dichlorobenzene < 79.4
2 -Mefhwl nhcnol < 19 .4
4 -Mcf hvl nhenol < 19 .4
Hexachloroethane < l-9.4
2,4 -Dimethylphenol < !9 .4
Benzoic Acid < L94
I ,2 ,4 -Trichforobenzene < 19 .4
Naphchalene < 19.4
Hexachlorobutadiene < I9-4
2-Mcrht'ln:nhth:lcng < 19.4
Di mct hvl nhFh;l afc < 19 - 4

Acenaphchylene < 79.4
Acenaphthene < 19.4
Dibenzofuran < 19 .4
Dj-ethylphthalate < 19 .4
Fluorene < I9.4
N-Nitrosodiphenylamine < 19 -4
Hexachlorobenzene < L9.4
Pentachlorophenol < 96.9
PhenanEhrene 1O.1
Anthracene < L9.4
Di-n-Butylphthal-ate < 19-4
Fluoranthene 20.6
Pyrene 38.4
BuLylbenzylphthal-ate < L9.4
Benzo (a) anthraceRe 14 .9
bis (2-EthylhexyL)phthalate < 19 . 4

Chrysene 37.2
Di-n-Octy1 phLhalate < 1-9.4
Benzo (b) fluoranthene 13 .4
Benzo(k) ffuoranthene < 19.4
RPnzn {a ) nvrene < 19 .4
I ndeno (I ,2 ,3 - cd) pyrene < 19 . 4

Dibenz (a.h)anthracene < l-9.4
Rrnzn (o h i ) nerwl gng < 19 .4\ J r .., - | yvL I +\

1-Methylnaphthalene < L9.4

26r
255
255
451
253
240
s36
254

18 .2
935
2'7r
282
289
2'77
287
27 I
288
304
305

286
30'7
372
355
29r
340

359
306
J !O

384
321-
322
Jbb

439
302
324
32]'
287
300

484
484
484

484
484
9b/
484
484

1450
484
484
484
484
484
484
484
484
484
484
484
484
484
484
484
484
484
484
484
4i4
484
484
484
484
484
484
484
484
484
484

53.9%
52.72
52.'72
41 .32
52 - 36
49 .6%
55 .42
52 .52
16. 26
64 .5%
56.09
58.3%
59 -'7*
56.0?
59.3%
55.03
59 -52
52 .82
63.2%
68 .22
59.18
63 .42
/6 . Y6
7I -3et
50. r_g

70.22
a, q9

66.22
63.2+
62. 26
79.32
58.58
66 -52
73.32
90.72
62 .42
66 .9%
66.32
59.34
62.O2

264
268
27 1
495
258
zo L

565
265
119

103 0
275
288
294
285
293
279
296
3 r_3

Ja6

342
303

3 9l_
340
310
353
4 t-0
353
318
324
400
5Z+
333
4l-9
430
320
308
309
zo 5

308

483
483
483
96'7
483
483
957
483
483

1450
483
483
483
483
483
483
483
483
483
483
4U.J
483
483
483
483
483
483
483
483
+ oJ
483
483
483
483
483
483
483
483
483
483

55.58 2.6%
55.5? 5.0?
56.1? 6.12
51.3* 8.22
55.5& 5.8%
54.O2 8.4%
58.42 5.38
54.92 4 -22
24 .62 4't . 4Z
7-J. . 0% 9 .'7 2
5b. v6 r - 56
59-6% 2.-tZ
60 - 9% 1.7%
59.0? 5.03
60.1rb 2.rz
57.8% 2.9%
61.3? 2.7%
64 .8+ 2 .9et
55.88 3 .88
70 .8t 3 .6?
62- tZ 5.U6
57 -L? 5.42
81.08 5.ots
58.3E 4.3"6
64.22 6.32
73.r2 3.8E
80.59 2.92
65.12 t.7Z
65.88 3.88
54.0t 2:5*
82.82 4.IZ
s9.42 0.9E
58.98 3.42
84.03 13.0?
89.0? 2.L%
66.3e6 5.8?
63.8t 5.1?
64.02 3 .8?
54.5% 8 -1%
63.88 2.6%

Results reported tn pg/kg
RPD calculated usinq sampfe concentratlons per SW846

FORM ITI



ORGANICS ANALYSIS DATA SHEET
PSDDA Semivolabiles brr SW8270D
Paqe ). ot z

Lab SamDIe fD: OK55A
LIMS rD:09-3059
Matrix: Sediment )'
Data Rel-ease Authorized , ,,%
Reported : 02 / 13 / 09 t/-

Date Extracted: 02/ 05/ 09
Date Anaf yzed: 02 / 72 / 09 20 .1,9
Instrument/Analyst : NT6/LJR
GPC Cleanup: Yes

CAS Number Analyte

cclMs

ArsbfJsrz@
INCORPORATED

Sample ID: ID-000-MIX
MATRIX SPIKE

OK55-science Applications, Intl.
2OO9 TRONDALE SEDIMENT QUALITY fNVS
NA

na Dah^rts \T^ .
YL r\eyv!

Drni ant- .

fl:f a Q:mnl cd. 01 /)a / navLt -'l vr

Date Received: 0I/30/09

SampJ-e Amount:
Fina] Extract Vol-ume:

Dil-ution Factor:
Percent Moisture:

RL

?R a n-Arrr-t.rF

0.5 mL
1.00
19 .42

Result

1,OB - 95 -2
541-1 3 -1
106 - 46 -7
100-s1-6
95-50-1
95-48-7
IO6 - 44 -5
67 -72-1,
1,O5-67 -9
55-85-0
r20 -a2 -1
91,-20 -3
B7-68-3
9L-57 -6
131-11-3
208 -96 -B
83-32-9
L5Z-O1->

84-66-2
85 -'7 3 -'7
B5-30-6
rr8 -7 4 -r
8'7 -86-5
85-01-8
r20 -a2 -7
84-74-2
205 - 44 -O
729 -00 -O
85 -68 -7
55-55-3
Ir7 -Bt-7
2L8-01-9
117-84-0
205 - 99 -2
207 -OB-9
50-32-B
193-39-5
53-70-3
]-9r-24 -2

Phenol
1, 3 -Dichlorobenzene
1, 4 -Dichforobenzene
Ran?1/l al anlrnl

1, 2 -Dichlorobenzene
? -Mal. lrrrl nhannl

4 -Methylphenol-
Hexachloroethane
2 , 4 -Dimet.hylphenol
Benzoic Acid
I ,2 ,4 -Trichlorobenzene
lrlrnhFh: I anc

Hexach f orobu tadi ene
2 -Mel-hwl nanhfhalene
Dimethylphthal-ate
Acenaphthyfene
Acenaphthene
Di-benzof uran
Die thylphtha I ate
Fluorene
N-Ni t rosodiphenylamine
Hexachl-orobenzene
Pentachl-orophenol-
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
ButylbenzyJ-phtha late
Benzo (a) anthracene
bj- s ( 2 -Ethylhexyl- ) phthalate
/-h rrrq an c

Di-n-Octyl phthalate
Benzo (b) ffuoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Tndcna{'l ? ?-ndl--/ pyrene
Dibenz (a, h) anthracene
Ranzn(o h i)ncrrrlgng\:r r rr r r t E vL r

I9
1,9
T9
1,9
1,9
1,9
19
L9
t9

r90
1,9
19
I9
1,9
I9
19
T9
T9
L>
19
L>
1,9
97
I9
1,9
19
19
19
79
t9
I9
1,9
l9
L9
1,9
19
I9
19
t9

FORM I {jHffiffi : ###Rffi



ORGANTCS ANALYSIS DATA SHEET
PSDDA Semivolatiles by Sw8270D GC/vlg
Page 2 of 2

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: Sediment
Date Anaf lzed: 02 / 12 / 09 20 :1"9

A:sbil:tz@
INCORPORATED

Sample ID: fD-000-MIX
MATRIX SPIKE

QC Report No: OK55-Science Appl-ications, fntl.
Project 2OO9 IRONDALE SEDIMENT QUALITY INVS

NA.

CAS Number Analyte RL RESUIT

9O-I2-O 1-Methvl-naphthal-ene 19 ---

Reported in pg/kg (ppb)

Semivolatile Surrogate RecowerY

d5 -Nitrobenzene 56 -OZ 2 -Fluorobiphenyl 58 .42
d14 -p-Terphenyl 58 .8? d4-I,2 -Dichlorobenzene 55 -2k
d5-Phenol 50. Ot 2 -Fluorophenol 54 -7+
2,4,6-Tribromophenof 74.I% d4-2-Chforophenol 57 -LZ

FORM I ffi"#ffiffi ; **##ffi fa



ORGANICS ANAI,YSIS DATA
PSDDA Semiwolatiles by
Pacre L ot z

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: Sediment
Data Rel-ease Authori-zed
Reported:- 02/13/09

SHEET
sw8270D GCIMS

Date Extracted: 02/05/09
DaEe Analyzedt 02/12/09 20:52
Instrument,/Analyst : NT6 /LJR
GPC Cleanup: Yes

CAS Number Analyte

Als5il:ri@
INCORPORATED

Sample ID: fD-000-MIX
MATRIX SPIKE DUPI.ICATE

Report No: oK55-Science Applications, Intl.
Project: 2009 IRONDALE SEDIMENT QUAIITY INVS

NA
Date Sampled: 0I/29/o9

Date Received: 01"/30/O9

Sample Amount: 25.9 g-dry-wt
Final- Extract Volume: 0.5 mL

Difution Factor: 1.00
Percent Moisture: 19.4%

RL ResulE

QC

108 - 95 -2
54r-1 3 -L
a06 -46 -'7
100 -51-6
95-50-1
95 -48 -7
1,O6-44-5
67 -72 -1
1,O5-67 -9
55-85-0
r20-82-1,
91,-20 -3
B7-68-3
91,-57 -6
131-11-3
208 -96-B
83-32-9
r32-64-9
84 -66 -2
86 -'t 3 -7
86-30-5
1,1,8-74-r
B7-86-5
85-01-8
r20 -1,2 -7
B4-7 4 -2
205 -44-O
r29-OO-0
85-58-7
56 -55-3
LL7 -81,-7
218-01-9
L17 -84 -O
205 - 99 -2
20'7 -08 -9
50-32-8
193-39-5
53-70-3
79L-24-2

Phenol
1 1 -ni ch1 nrnhcp2gng
1, 4 -Dichlorobenzene
Benzyl Afcohof
1 ?-nichlornl'renzene
?-Mat-hrrlnhcnal

4 -Methylphenol-
Hexachloroethane
2, 4 -Dimethylphenol
Benzoic Acid
I,2 , 4 -Trichforobenzene
hTanht-hrl anc

Hexachlorobutadiene
2 -Mcthrrl nenhthalene
Dimethylphthalate
Acen:nhFhrzl cna
Acan:nh|.hana

Dibenzofuran
DieLhylpht.halate
Fluorene
N - Ni t rosodiphenyl amine
Hexachl-orobenzene
Pentachforophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fl-uoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -Ethy]hexyl) phthalate
Chrysene
Ft i -n -octvl nhr\61lalg
Benzo (b) f l-uoranthene
Benzo (k) f l-uoranthene
Benzo (a) pyrene
Indeno (a, 2, 3-cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) peryl-ene

19
1,9
I9
L9
1,9
19
I9
19
L9

190
I9
t9
I9
t9
a9
19
).9
r9
L>
1q

19
T9
97
1,9
1,9
1,9
19
L9
L9
19
I9
19
I9
1,9
19
19
19
I9
19

FORM I E eg'E+_cr " ._€gJ€c_l+"*+-_;:'GZ1,WW " WAWWtuL



ORGANICS ANALYSIS DATA SHEET
PSDDA Semivolatiles by SW8270D cClMS
Page 2 of 2

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: Sediment
Date Analyzed: 02/1,2/09 ZO:SZ

fiis5[H8ii@
INCORPORATED

Sampl-e ID: fD-000-MrX
MATRIX SPIKE DUPLTCATE

QC Report No: OK55-Science Applicat.ions, fntl-.
Project:. 2009 IRONDALE SEDIMENT QUALITY INVS

NA

CAS Nunber Analyte RL Result

9O-I2-0 1-Methylnaphthalene 19 - - -

Reported in pg/kg (ppb)

Semiwolatile Surrog'at,e Recovery

ds-Nitrobenzene 54.8* 2-Fluorobiphenyl 58. Bt
d14 -p-Terphenyl 70 . 0t d4 - 1, 2 -Dichforobenzene 56 .42
d5 -Phenol 57 .62 2 -Fluorophenol 54 .92
2,4,6-Tribromophenol 74.9% d4-2-Chlorophenol 5't.62

FORM I
ft.!-$E_-= E:-fr"ftFaF--



ORGANICS ATiIAI,YSIS DATA SHEET
PSDDA Sernivolatsiles by Sw8270D GCIMS
Page L of 2

Lab Sample ID: LCS-020509
LIMS ID: 09-3059
Matrix: Sediment
Data Release Authorized:
Reported 02/L3/09

Date Extracted: O2/05/O9
Date Anafyzed: 02/1L/ 09 18:20
Instrument/Anal-yst : NT6,iLJR
GPC Cleanup: YES

Analyte

Als:fi8*@
INCORPORATED

Sample ID: LCS-020509
LAB CO}ffTROL

QC Report No: OK55-Science Applications, fntl.
PToJECt: 2OO9 IRONDALE SEDTMENT QUALITY INVS

Date Sampled: oL/29/09
Date Received: O1/30/09

Sample Amount:.25.0 g
Finaf Extract Volume: 0.5 mL

Dilution Factor: 1.00
Percent Moisture: NA

Lab
Control

Spike
Added Recovery

Phenol-
1, 3 -Dichlorobenzene
1, 4 -D j-chlorobenzene
Benzyl Alcohol
1, 2 -Dichforobenzene
2 -Methylphenol
4 -Mal-hrrl nhanol

Hexachloroethane
2 . 4 -Dimethylphenol
Benzoic Acid
L,2 , 4 -Tri-chlorobenzene
NT:nlrFh:-l ana

Hexachforobutadiene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthal-ate
Fl-uorene
N - N j. trosodiphenyJ-amine
Hexachl-orobenzene
Pentachforophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -EthylhexyJ-) phthalate
tt-h rrrcena

Di -n-Octy1 phthalate
Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (L,2 ,3 -cd) pyrene

283
272
269
392
272
27 1_

584
27 1
21,5

1,O20
264
280
288
279
300
268
270
29L
333
324
313
307
310
32L
308
378
382
379
390
334
421
302
342

405
315
405

56 .62
54 .42
53. B%

39.22
54 .42
54 .22
5B .4%
54.22
43 .02
68.0?
52 .82
55.0?
5 / .66
55. B?
60.0?
53 .62
54.O2
58.22
b6.b6
54 .82
6Z .66
61-.42
62.O%
54.22
51- .62
/5.66
76.4*
/5.66
78.O2
66 .82
84.22
60 .42
5B .42
82 .4*
81.0?
53.0%
81.0?

500
500
500

1000
500
500

1000
500
500

1500
500
500
500
500
500
500
500
500
qnn

500
500
500
s00
500
s00
500
500
500
500
500
500
500
500
500
500
500
500

FORM TTI
##*;ffiffi : ###Rr+



ORGANICS A}TALYSIS DATA SHEET
PSDDA Semivolat,iles by SW8270D GC/MS
Page 2 of 2

Lab Sample ID: LCS-020509
LIMS ID: 09-3059
Matrix: Sedi-ment
Date Analyzed:. 02/7L/ 09 18:20

Analyte

Arsbffiei@
INCORPORATED

Sample fD: LCS-020509
IJAB COIiTTROL

QC Report No: OK55-Science Applications, lntl.
Proiect: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Lab
Contsrol

Spike
Added Recovery

Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
1 -Methylnaphthalene

Results reported in pg/kg

SemivolaEile SurrogaEe Recovery

387
386
300

500
500
500

7'7 . 4z
'7'7 . 2sL

60.09

d5 -Nitrobenzene
2 -Fluorobiphenyl
d14 -p-Terphenyl
d4 - I, 2 -Dichlorobenzene
d5 - Phenol-
2 -Fluorophenol-
2, 4, 6 -'tribromophenol
d4-2 -Chlorophenol

52-66
5U. u6
75.2*
53.2%
52 .32
5,1 .56
54 .82
52 .82

FORM III
r-aiJ:tF: ,. #ffid:'ffiF*



4B
SEMIVOI,ATILE METHOD

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Lab File ID: OK55MB

Instrument. ID: NT5

MaErix: SOLID

OK55MBS1

Client: SAfC

Project: 2OO9 IRONDALE SEDIME

Date Extracted: 02/05/09

Date Analyzed: O2/1-I/09

Time Analyzed: 1-746

BLANK NO.
BLANK SUMMARY

THIS METHOD BLANK APPLTES TO THE FOLLOWTNG SAMPLES, MS and MSD:

CL

01
vz
UJ
04
05
06
07
08
09
10
11
12
l-J
74
15
15
77
18
19
20
27
22
z5
z+
25
zo
27
28
29
30

SAMPLE NO.

OK55LCSS1
ID- OOO -MIX
ID-OOO-MIX MS
ID-OOO-MIX MSD

SA]VIPLE ID

OKs5LCSS1
OK55A
OKS5AMS
OK55AMSD

F]LE ]D

OK55SB
OK55A
OK55AMS
OK55AMD

ANALYZED

02/LL/Oe
02/1,2/oe
02/L2/09
02/1-2/0e

COMMENTS:

page 1 of 1
FORM ]V SV



ORGATVICS ANAI,YSIS DATA SHEET
PSDDA Semivolatiles by SW8270D GCIMS
Page A of 2

Lab Sample fD: MB-020509
LfMS ID: 09-3059
Matrix: Sediment
Data Release Authorized
Reported: 02/1,3/O9

Date Extracted : 02/05/o9
Date Anallzed: 02/L1-/09 L7:46
Tnstrument/Analyst : NT6,/LJR
GPC Cl-eanup: Yes

CAS Number Analyte

fixsbf;J8ri@
INCORPORATED

Sample ID: MB-020509
METHOD BI,ANK

QC Report No: OK55-Science Applications, Intl.
Project:. 2009 IRONDALE SEDTMENT QUALITY INVS

NA
Date Sampfed: NA

Date Recei-ved: NA

Sample Amount:
Finaf Extract Vofume:

Dilution Factor:
Percent Molsture:

RI,

2s.o g
0.5 mL
1.00
NA

Resul t

L0B-95-2
54r-7 3 -7
106 - 46 -'7
IUU-5I_O
95-50-1
95-48-7
r05-44-5
6'7 -'72-1,
1,O5-67 -9
65-85-0
1,20 -82 -1,
9-t -20 -3
B7-58-3
9r-57 -6
13 1- 11- 3
208-96-8
83 -32 -9
r32-64-9
84- 65 -2
B6 -'7 3 -7
85-30-6
].18-74-1,
87 -86 -5
85-01-8
r20 -42 -7
84-74-2
205-44-O
129-00-0
8s-58-7
55-55-3
1,17 -8r-'l
21_B-0L-9
r1,'7 -84-0
205 - 99 -2
207 -O8-9
50-32-B
193 -39-s
53-70-3
19L-24-2

Phenol
-t ?-ninhlnrnhanTgng
1, 4 -Dichlorobenzene
Benzyl Alcohof
1, 2 -Dichforobenzene
2 -Methylphenol
4 -Methylphenol
Hexachl-oroethane
2 , 4 -Dimethylphenol
Benzoic Acid
1-,2 , 4 -Trichforobenzene
rr^*LFL^l ^-^r\ dPrr Lrrd f grrc

Hexachforobutadiene
2 -Methylnaphthal-ene
Dimethylphthal-ate
AcenaphthyJ-ene
Acenaphthene
Dibenzofuran
ni ^+l--,16hf L- l ^Fa!aELrry rPrrLrrdJdL9
Fluorene
N- Ni trosodiphenyl amine
Hexachlorobenzene
Pentachforophenol
Phenanthrene
Anthracene
Di -n-ButylphthalaEe
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -Ethylhexyl) phthalate
/-h rrzcana

Di-n-Octy1 phthalate
Benzo (b) f l-uoranthene
Benzo (k) f l-uoranthene
Benzo (a) pyrene
Indeno (a ,2 , 3 - cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i ) perylene

20
20

20
20
20
20
20
20

200
20
20
20

20
20
20
20
20
20
20
20

100
20
20
20

20
ZU
20
20
20
ZU
)n
20
20
20
20
20

<20
<20
<20
<20
<20
<20
<20
<20
<20

< 200
<zu
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

< 100
<20
<20
<20
<20
<20
<20
<zu
<20
<20
<20
<20
<20
<20
<20
<20
< zv

U
U
U

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
tl

U
u
U
U
IT

U
U
u
U
U
U
U
TT

U
U
U

U
U
U
U

FORM I #F{#ffi: #'##E?



ORGANICS ANALYSIS DATA SHEET
PSDDA Semiwolat,iles by SW8270D GCIMS
Paqe 2 0T z

Lab Sample ID: MB-020509
LrMS ID: 09-3059
Matrix: Sediment
Date AnaLyzed: 02/LI/09 17:-46

Alsbfisri@
INCORPORATED

Sample ID: MB-020509
METHOD BIJAI{K

QC Report No: OK55-Science Applications, Intl.
Prolect: 20Q 9 IRONDALE SEDfMENT QUALITY INVS

NA

CAS Nurnber Analyte RL Result

90-I2-O 1-Methyl-naphthal-ene 20 < 20 U

Reported in pg/kg (ppb)

Semivolatile Surrogate Recovery

d5-Nitrobenzene 56 .42 2 -Ffuorobiphenyl 55 .22
d14-p-Terphenyl 80.89 d4-I,2-Dichforobenzene 58.8?
d5-Phenol- 56.52 2 -Fluorophenol 54.12
2,4,6-Trlbromophenol 50.58 d4-2-Chlorophenol- 58.18

FORM I #E{ffi=- ##ffitr#,



SIM SVOA

ffiffiffiffi: ffiffi#Rffi



Als:fi8r\@
INCORPORATEDORGANICS AIIAIJYSIS DATA SHEET

Semivolatiles by Selected Ion
Page 1 of 1

Lab Sample ID: OK55A
LIMS ID:09-3059
Matrix: Sediment zl
Data Release Authorized7/K
Reported: 02/L0/09

Date Extract.ed : 02 / 05 / 09
Date Anal-yzed: 02/09/ 09 18:11
InstrumenE/Analyst : NT2/PK
GPC Cleanup: Yes
Sifica GeI Cleanup: No
Alumina Cleanup: No

CAS Number Analyte

Monitoring cclMs Samp1e ID: ID-000-MIX
SAMPLE

QC Report No: oK55-science AppIj-catsions, Int1.
Project: 2009 IRONDALE SEDIMENT QUAIITY INVS

Event: NA
Date Sampled: 0I/29/09

Date Received: 01r/30/09

Sample AmounL: 16
Final Extract Vol-ume: 1.

Dilution Factor: 1.
Percent Moisture: 19

) a-Artr-rtl_

0mL
00
.42

l(Ir ResuIt

53 -70-3
lo5 - 46 -7
t20 -82-r
trg -7 4 -L
87-58-3
85-68-7
95-48-7
L05-57-9
86-30-5
100-51-5
87-86-5
9s-s0-1

Dilrcnz ( a h) anl.hracene
1 a-ni nhl nrnl-ranTgng
a a 

^ 
T-: ^Ll^-^Lr, z, +- rrfcrrr(Jr()Denzene

Hexachl orobenz ene
Hexachforobutadiene
ButylbenzyJ-phthal a te
? -Mo|- hrzl nhannl

2 , 4 -Dimethylphenol
N-Ni trosodiphenyl ami-ne
Ppnzrzl Al nnhnl

Pentachl-orophenol
1 2-niehlnrol'renTgng

6.2
5.2
6-2

6.2
15

6.2
6.2
6-2

31
31

6.2

< 5.2
< 6.2
< 6.2
< 6.2
< 15

< 6.2
< 6.2
< 6.2
< 31
< 31

< 6.2

U
U
U
U
U
U

U
U

U
U

Reported in pg/kg (ppb)

SIM Semiwolabile Surrogatse Recovery

2 - Fl-uorobiphenyl
2 -Fluorophenol-
d4 -1, 2 -Dichlorobenzene
2,4,6 -Tribromophenol

85.8?
'73.rZ
66 .42
84 .82

72.O2
I z .36
70 -42
82 .42

d5 - Phenof
d4-2-Chforophenol-
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM T #Fq:#ffi; ffiffiffi##



AlssfiSr!@
INCORPORATED

SIM SW827O SURROGATE RECOVERY SI'MMARY

Matrix: Sediment

Client ID

QC Report No: OK55-Science
Prolect: 2009 IRONDALE

n*-ri^-Fr^-- -ftf.hIJPII9dUIUTID, III

SEDIMENT QUALITY INVS

FBP PHL FPH CPt DCB NBZ TBP TER TOT CU

MB-020509
LCS-020509
ID_ OOO -MIX
ID_OOO-MTX
rD- 000 -Mrx

63.62 65.3?
64 . B% 61.62
86.8t 72.O2
1'7 .2% 80.5%
'73 . 6% '7 6 .3%

62 .92 s9 .72
65 .92 64 .32
13.1,2 72.3%
65 .92 66 .42
64 . Oz 63 -72

71.62 't4.82
60 .42 62 .42
66.42 70.4%
60.8? 62.82
5B . 0& 64 .42

58.58 90.08
74.72 78.O2
84.8* 82.42
88.0* 78.82
81.13 14.42

Mq

MSD

0

0
0
0

(FBP) = 2-Ffuorobiphenyl
(PHL) = d5-Phenof
(fYri/ = .Z-f -LuoropnenOl
(CPL) = da-2-Chlorophenol
(DCB) = d4-1,2-Dichlorobenzene
(NBz) = d5-Nitrobenzene
(TBP) = 2,4,5-Tribromophenol
(TER) = d1a-p-Terphenyl

Irog
DrFn McF

Number Range

30-160)
30-160)
30-160)
30-160)
30-160)
30-160)
30-150)
30-160)

hod: SW3550B
: 09-3059 to

LCS/MB LIMITS QC LTMITS

(30-150)
(30-150)
(30-150)
(30-160)
(30-160 )

(30-150)
(30-160)
(30-150)

09-3059

Page 1 IOT Ult55
FORM-rr SrM SW8270

*F=;## : ###ffi 3



fiisbfis*@
INCORPORATEDORGA}IICS ANAI,YSIS DATA SHEET

Semivolatiles by Selected Ion
Page 1 of 1

Lab Sample ID: OK55A
LIMS ID:09-3059
Matrix: Sediment
Data Release Authotized
Reported: 02/t O/09

Date Extracted MS/MSDz 02/05/09

Date Anal-yzed MS : 02 / 09 / 09 IB | 43
MSD: 02/09/09 19:15

Instrument/Analyst MS : NT2/PK
MSD: NT2/PK

Analyte Sample

Monitoring GCIMS Sample ID: ID-000-MIX
MATRIX SPIKE

n1 /)a/^qv+l -Jt vz

^- l^^ l^^vr/3v/u>

Amount MS:
MSD:

Vol-ume MS:
MSD:

Factor MS:
MSD:

QC Report No:
Proj ect :

Event:
Ftaf o Q:mnl arl .

Date Received:

SampJ-e

Final Extract

Dilution

16.2 g-dry-wt
16 - 1 g-dry-wt
1.0 mL
1.0 mL
1.00
1.00

spike MSD

Added-MSD Recovery RPD

OK55-Science Applications, Int1.
2OO9 IRONDALE SEDIMENT QUALITY INVS
NA

Spike Ms
Added-MS Recowery MSD

Dibenz (a, h) anchracene
1 , 4 -Dichlorobenzene
I ,2 ,4 -Trichlorobenzene
Hexachl orobenzene
Hexachlorobutadi ene
Butylbenzylphthala te
? -M6ts 1-rvl nhonn'l

2 , 4 -Dimethylphenol
N-Ni trosodiphenyl amine
Pan zrr"l l'i nnhal

Pen tachl orophenol
1, 2-Dichforobenzene

Reported in pg/kg (ppb)

NA-N9 recovery due to high concentrati-on of analyte in original sample,
cal-cul-ated negative recovery, or undetected spike-

RPD calculated using sample concentraLions per SW845 -

6.2 U

6.2 V
6.2 U

6.2 U
A)t1

15.4 U

6.2 U
6.2 U

6.2 U
30-9 U
30 - 9 U
6.2 U

'tL-6
103
115
134
r1-4
r47
135

70 .4
1,40

< 30.9 U
202
ro2

r54
154
L54
r54
754
754
154
154
1EA

309
154
rlq

46.5%
66.9*
74.7%
87.0t
74.0*
9L .6%
8'7.'7%
45.12
90.9?

NA
131?

6tt - Z6

70.8 155
100 155
L12 155
l-23 155
111 155
'J-34 155
ajo f trf,

8'7.O 155
r45 1 55

< 31.1 U 311
L>J Itrf,

98.8 155

45.7%
64.52
I2.36
79.42
'7l- .6+
86.5"6
87.'72
5b. .l.6
93.5?

NA
125eb

63.72

t-.1?
3.0%
z -b6
I .58
2.7eb
5.1?
o -7%

2r.L%
3.5?

NA
4 .62
3.22

FORM III



Aisbfi8rr@
INCORPORATEDORGANICS ANALYSIS DATA SHEET

Semiwolatiles by Selectsed Ion
Page 1 of 1

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: Sediment -,/
DaEa Release Authorized'' ffi
Reported : O2 / IO / 09 /'

Date Extracted: 02/05/09
Date Anal:yzed: 02/09/09 1B:43
fnstrumenL/Analyst : NT2/PK
GPC Cleanup: Yes
Silica GeI CIeanuP, No
Af umina CJ,eanuP: No

CAS Number Analyte

Monitoring GCIMS Sample ID: ID-000-MIX
MATRIX SPIKE

r.lfa Dan^rF \T^.
Yv !\vyv!

Proj ect :

Event:
Date Sampled:

Date Received:

Sample Amount:
Final Extract Vo]ume:

DiluLion Factor:
PercenL Moisture:

OK55-Science Applications, Intl.
2OO9 IRONDATE SEDIMENT QUALITY TNVS
NA
or/ 2e / oe
o1,/30/oe

1C I a-Artr-wFLe.- Y vLf

1.0 mL
1.00
19 .4%

ResuIt

53-70-3
106-46-7
I20-82-r
r1,8 -7 4-L
87 -68-3
85-68-7
95 - 48 -'7
L05-61 -9
86-30 -6
100-51-5
87 -86-5
95-50-1

Dibenz (a, h) anthracene
1, 4 -Dichlorobenzene
1 ) L -Trinhlnrohgn2gpg
Hexachlorobenzene
Hexachlorobutadiene
Butylbenzylphthalate
) -Mol-Lrrrl nhonnl

2 , 4 -Dimethylphenol
N - Ni t ros odiphenyl ami-ne
BenzyJ- Alcohol
Pentachl-orophenol-
1, 2 -Dichlorobenzene

6.2
6.2
6.2
6.2
6.2

15
6.2
6.2
6-2

31
31

6.2

Reported in pg/kg (ppb)

SIM Semiwolabile surrogate Recovery

2 -Fl-uorobiphenyl
2 -Fluorophenol
d4 - I, 2 -Dichlorobenzene
2,4,6 -Tribromophenol

1'7.2%
65 .92
50. B%

88 .0%

80.5?
66 .42
62 .8+
78.8*

d5 - Phenol
d4 -2 -Chlorophenof
d5 -Nitrobenzene
d14-p-Terphenyl

FORM I #P;ffiffi: ###E*



ORGANICS ANALYSIS DATA SHEET
Sernivolatiles bY Selected Ion
Page 1 of 1

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: SedimenL 

-y'Data Rel-ease Author ized :rff
Reported : 02 / ro / 09 i/l

Date Extracted : 02 / 05 / 09
Date Anallzed: 02/09/ 09 19:15
Instrument,/Analyst : NT2/PK
GPC Cleanup: Yes
Sil"ica Gel CJ-eanuP: No
Afumina CleanuP: No

CAS Number AnaIYt,e

QC Report No:
Proj ect :

Event:
Date Sampled:

Date Receivedt

Sample Amount:
Final- Extract Volume:

Di-lution Factor:
Percent Moisture:

Alsbfi:t"@
INCORPORATED

Sample ID: ID-000-MIX
I{ATRIX SPIKE DUPI,ICATE

oK55-Science Applications, fntl.
2O09 IRONDALE SEDIMENT QUALITY INVS
NA
or/2e/09
oL/30/o9

1e 1 n-Avtr-rtt-rv. r J sll
1.0 mL
1.00
1-9 .42

Monitsoring GCIMS

RL Results

ro6 - 46 -7
L20-82-r
IIB -1 4 -I
87-58-3
85-68-7
95 - 48 -'7
r05-6'7-9
B6-30-6
-LUU_5-L-b
87-86-5
95-50-1

Dibenz (a, h) anthracene
1, 4 -Dichlorobenzene
l, 2, 4-Trichl-orobenzene
Hexach lorobenz ene
HexachlorobuLadiene
Butylbenzylphthalate
2 -Methylphenol
2 , 4 -Dimethylphenol
N -Ni t rosodiphenYlami ne
Benzyl Al-cohol-
Pentachforophenol
1 , 2 -Dichlorobenzene

o.z
6.2
6.2
6.2
6.2

L6
6-2
6.2
6.2

31
31

6-2

Reported in pg/kg (ppb)

SIM Semiwolatile Surrogate Recovery

2 - Fluorobiphenyl
2 - Fluorophenof
d4 - 1, 2 -Dichlorobenzene
2 ,4 ,5-TribromoPhenol

13.62
64.02
s8.08
81.18

76.32
63.72
64 .42
74.42

d5 -Phenol
d4 -2 -Chlorophenol
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM I #H=*; : ###:sEn



ORGANICS AI\TAI,YSIS DATA SHEET
Semivolatiles by Selectsed Ion
Page 1 of 1

Lab SamPl-e ID: LCS-020509
LIMS ID:09-3059
Matrix: Sediment z
Data Refease Authorized: 1/
Reported : 02 / 1-o / 09 r'a

Date Extracted : 02 / OS / 09
Date Analyzed LCS : 02/09/09 L'7 :39
Instrument/Analyst LCS : NT2/PK

Analyte

QC Report No:
Prol ect :

Ewent:
Date Sampled:

Date Recei-ved:

Sample Amount LCS:
Final Extract Vofume LCS:

Dilution Factor LCS:

Spike
Added Recovery

Ars5ffit\@
INCORPORATED

Sample ID: LCS-020509
LAB CO}CIROL SAMPLE

OK55-science Applications, lntl.
2OO9 IRONDALE SEDIMENT QUALITY TNVS
NA
NA
NA

Monitoring GCIMS

LCS

14 ll a-drrr-t^rl-

1.0 mL
1.00

Dibenz (a, h) anthracene
1, 4 -Dichlorobenzene
1-, 2, 4-Trichf orobenzene
Hexachlorobenzene
Hexachlorobutadiene
Buty Ibenzylphtha 1 a t e
2 -Methylphenol
2 , 4 -Dimethylphenol
N-Ni trosodiphenyl- amlne
Benzyl Alcohol
Pentachlorophenol
1, 2 -Dichforobenzene

85.5
110
LL2
l.25
r1,4
r44
108

51.9
a25

< 3L.2 U
roo
125

156 54.92
a56 70.52
155 7r. Bz
156 80.1?
156 73.r2
155 92.32
156 69.22
1s6 33.3%
156 80.18
31,2 NA
156 106?
156 80 - 19

Reported in pg/kg (ppb)

NA-No recovery due to hi-gh concentration of analyte in original sample,
cal-cufated negative recovery, or undetected splke.

SIM Semivolatile Surrogate Recovery

2 - Fl-uorobiphenyl 64 . 8Z
d5 -Phenol- 61 .6+
2-Fluorophenol- 65.92
d4 -2 -Chlorophenol 64 -32
d4-1-,2-Dichlorobenzene 60.42
d5-Nitrobenzene 62.42
2,4,6-Tribromophenol 74.72
d14 -p-Terphenyl 78. oZ

FORM TTI ft*SFi: .. ,ffi#ffi=+€5:



Lab Name: ANALYTfCAL RESOURCES, INC

ARI Job No: OK55

Lab File ID: 020908

fnsLrument ID: NT2

MaTrix: SOLID

48
SEM]VOLAT]LE METHOD BI,ANK

BLANK NO.
STMMARY

CIient: SAIC

OK55MBS1

Project: 2OO9 IRONDALE SEDIME

Date Extracted: 02/05/09

Date Analyzed. 02/09/09

Time Analvzed:. L706

FILE TD ANALYZED

TH]S METHOD BLANK APPL]ES TO THE FOLLOWING SAMPLES, MS and MSD:

01
UZ
03
o4
05
UO
o7
08
09
10
t_ t_

1,2
13
L4
15
l_o
11
l_8
t9
20
2T
22
23
24
25
26
27
28
29
30

SAMPLE NO.

OK55LCSS1
ID-OOO-MIX
ID-OOO-M]X MS
ID_OOO-MIX MSD

SAMPLE ID

OK55LCSS1
OK55A
OK55AMS
OK55A]VlSD

020909
020910
020911
0209L2

02/0e/oe
02/oe/oe
02/oe/oe
02/oe/oe

COMMENTS:

page 1 of 1
FORM ]V SV

& {#,tu!G {*gd6s"Je I



A:s5fi:r\@
INCORPORATEDORGANICS A.}IALYSIS DATA, SHEET

Semivolatiles by Select.ed Ion
P qE I OI I

Lab Sample ID: MB-020509
LIMS fD: 09-3059
Mat ri x : Sediment ,4?.
Data Release Authorized: /y'/
Reported: o2/1,o/o9 fn

Date Extracted : 02/05/09
Date Anallzed: 02 / 09 / 09 1-'7 : O6
InsLrument/AnaJ-ysL : NT2/PK
GPC Cleanup: Yes
Silica Ge1 Cleanup: No
Alumi-na Cleanup: No

CAS Number Analyte

Monitoring cClMS Sample ID: MB-020509
METHOD BLA.bIK

QC Report No:
Drni anl- .

Event:
Date Sampled:

Date Recei-ved:

OK55-Science Applications, Intl-.
2O09 TRONDALE SEDIMENT QUALTTY INVS
NA
NA
NA

Sample Amount:. L6.0 g-dry-wt
Final Extract Vol-ume: 1. 0 mL

Dil-ution Factor: 1.00
Percent Moisture: NA

Results

53 -70-3
L06 - 46 -'7
r20-82-L
LL8 -7 4 -1,
B'7 - 68 -3
85-68-7
95-48-1
a05-57 -9
B6-30-5
100-51-6
B'7 -86 -5
9s-50-1

< 6.2
< 6.2
< 6.2
< 6.2
< 6-2
<16

< 5.2
< 6.2
< 6.2
< 31
< 31

< 6.2

D-ibenz (a, h) anthracene
1 . 4 -Dichlorobenzene
1,, 2, 4 -Tri chf orobenzene
Hexachl orobenzene
Hexachlorobutadiene
Rrrl_ rrI hen-rrlnhihef 6lg
2 -Methylphenol-
2. .4 -Di mef hvl oheno]
N -Ni L ros odiphenylamine
Benzyl Alcohol
Pentachlorophenof
1, 2 -Dichlorobenzene

6.2
6-2

o.z
6.2

1,6
6-2
6.2
6.2

31
31

o.z

U
U
IT

U
U
U
U
U
U
U
U
U

Reported in pg/kg (ppb)

STM Semiwolatsile Surrogate Recovery

2 -Fl-uorobiphenyl
2 - Fluorophenol
d4 - 1, 2 -Dichlorobenzene
2,4,6-Tribromophenol

63 .52
62 .92
'7r.6Z
58.5?J

65.3U
59.72
74.82
90.09

d5 - Phenof
d4 -2 -Chlorophenol
d5 -Nitrobenzene
d14 -p-TerphenyJ-

FORM I
l="r-f ,, $3{=!E=sft:E +F 
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ORGANICS A.I,IALYSIS DATA SHEET
PSDDA Pesticides/PcB by GclEcD
Page 1 of 1

Lab Sample fD: OK55A
LIMS ID: 09-3059
Matrix: Sediment lq
Data Release Authorizedt ,mReported: 02/L8/09 //

DaLe ExEracted 02/05/09
Date Anal\zed: 02/L4/09 00:20
Instrument/Analyst : ECD4/AAR
GPC Cl-eanup: No
Sulfur Cleanup: Yes
Florisil Cleanup: No
Acid Cfeanup: No

CAS Nusiber AnalyEe

AXSb[J:rb@
INCORPORATED

Samp1e ID: ID-000-MIX
SAMPLE

QC Report No: OK55-Science Applications, Intl.
PTOJCCT: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Date Sampl-ed: 01,/29/o9
Date Receiwed: OI/30/09

Sample Amount : 25 -8 g-dry-wt
Fi-nal Extract Vol-ume: 5-0 mL

Dll-ution Factor: 1.00
Sifica Ge1: Yes

PercenL Moi-sture : L9 .4%

RL Result

58-89-9
76-44-8
309 -00 -2
60-57 -1,
72-s5-9
72 -54 -B
so -29 -3
5ao3 -'t 4 -2
5103 - 71- 9
789-02-6
5+Z+-62-O
53-19-0
27304-13-8
f IUJ _ / J - ]

39765-80-5

gamma-BHC (Lindane)
Llcntachlor

Al-drin
Dieldrin
4,4' -DDE
4,4 | -DDD
4,4, -DDT
gamma Chlordane
alpha Chlordane
2,4' -DDT
2 ,4I -DDE
2 ,4' -DDD
oxy Chl-ordane
ci s -Nonachfor
trans -NonachLor

Reported in pg/kg (ppb)

PesE/PCB SurrogaEe Recovery

0.
n
n

1
1
1
1

0.

1
1
1

1
1
1

97
97
97
.9
.Y

97
9'7
.9
-9

c
g

n

0.
0.

<1
<1
<L
<1

0.
0.

<1
<1

<1
<1
-1

91 U
91 U
91 U
.9 U

q T-r

qIT
q TT

9'7 U
9'7 U

q TT

.9 U

.9 U

.9 U

Decachlorobi-phenyl
Te t rachf orome t axyl ene

/5. U6
64.22

FORM I
#H.ffi#: ####*



ORGATiIICS ANAI,YSIS DATA SHEET
PSDDA Pestsicides/pcs by GclECD
Page 1- of 1

Lab Sample ID: OK55A
LIMS ID: 09-3059
MaLrix: Sediment
Data Release Authorized
Reported: 02/L8/09

Date ExEractedt 02/05/09
Date Anafyzed: 02/11'/09 0L:45
Instrument,/Anal-yst : ECD4 /AAR
GPC Cleanup: No
Sulf ur Cleanup: Yes
Fforisil Cleanup: No
Acid Cfeanup: No

CAS Number Analyte

ANALYTTCAL(14
RESOURCES\Z
INCORPORATED

Sarnple ID: ID-000-MIX
DILIIIION

ReporE No: OK55-science Applications, Intl.
Project: 2009 IRONDALE SEDfMENT QUALITY fNVS

Date SampLed: 01/29/09
Date Received: 0I/30/09

QC

.F
Sampl-e Amount:

Final- Extracb Vo]ume:
Di-l-ution Factor:

Silica Gel:

Percent MoisLure:

25.8 g-dry-wt
5.0 mL
5.00

1-9 .42

Resul t

s8-89-9
76-44-8
309 - OO -2
50-57-1
72 -55 -9
'72 -54-B
50 -29 -3
5703 -74-2
5ro3 -7 a- 9
189-02-6
3424-82-6
53-19-0
27304-13-B
5103-73-1
3976s-80-s

gamma-BHC (Lindane)
IranF:nhlnr

Al-drin
Diel-drin
4,4 ' -DDE
4,4',-DDD
4,4'-DDT
gamma Chlordane
alpha Chfordane
2,4' -DDT
2,4'-DDE
2,4'-DDD
nvrr (1hl nrrl:nc

cis -Nonachfor
Lrans -Nonachlor

Reported in pg/kg (ppb)

Pest/PCB Surrogate Recovery

Decachlorobiphenyl
Tet rachlorome t axy lene

4.8
4.8
4.8

9.7
9.7
9 -'7
4.8
4.8

9.7
q'7
c'7
9.7
9.7

< 4.8 U
< 4.8 U
< 4.8 U
< 9.'7 U
< 9.7 U
< 9.7 U
< 9-7 V
< 4.8 U
< 4.8 U
< 9.7 U

< 9.'7 U
< 9.'7 U
< 9.7 U
< 9-7 U

1Uv6
a3 -v6

FORM I
"ft.i 

g *i_, F!::fu-.*r. :i F .fbc sH 
-*. 

E*k-EE*4g*wz%ww' -&@ww-%



SW8O81 PESTTCIDE SOIL/SEDTMENT SURROGATE RECOVERY SI'MMARY

Matrix: Sediment

Client ID

MB-020509
LCS-020509
rD_OOO_MIX
ID_ OOO _MTX

ID-OOO -MIX
ID-OOO-MIX

(DCBP) = Decachl-orobiphenyl
(TCMX) = Tetrach]orometaxylene

Log

DL
MS
MSD

LCS,/MB trMrTS

(6s-1,25)
(s3-112)

QC LIMITS

(52 - 1,43)
(43 -a28)

Prep Method: SW3550B
Number Ranse: 09-3059 to 09-3059

Ar35#3rb@
INGORPORATED

Report No: OK55 -Science Applications, Intl .

Project: 20Q9 IRONDALE SEDfMENT QUALITY INVS

TCMX TOT OIIT

94.2% '79.82 0
82.02 86.08 0
'75 .02 64.22 0
109? 83.98 0

92.52 53.5? 0

L1-O+ 56. B& 0

ravE f ror uK55
FORM-rr SW8081

#Hffi= ' '#ffi#tE 5.



ORGANICS ANALYSIS DATA SHEET
PSDDA Pesticides,/PCB by cclEcD
Page 1 of 1

Lab SampJ-e fD: OK55A
LIMS ID: 09-3059
Matrix: Sediment z
Data Refease Authorized. %
Reported: 02/I8/09

Date Extracted MS/MSD: o2/05/09

Date Anafyzed MS:- 02/1,4/09 00:40
MSD: 02/14/09 01:00

Instrument,/Analyst MS: ECD4/AAR
MSD: ECD4/AAR

GPC Cleanup: No
Sul f ur Cl-eanup : Yes
Florisll- Cl-eanup: No

Analyte Sample

ArsbH:rb@
INCORPORATED

Sample ID: fD-000-MrX
MS/MSD

QC Report No: OK55-science Applicati-ons, Intl.
Project: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Date Sampled: 0L/29/09
Date Received: 01,/30/O9

Sample Amount MS:
MSD:

Fina] Extract Vol-ume MS:
MSD:

Dilution Factor MS:
MSD:

Silica Gef:

Percent Morsture:

Spike MS

Added-MS Recovery MSD

25 .9 g-dry-wt
25.9 g-dry-wt
5.0 mL
5.0 mL
1.00
1.00
Yes

1,9 .42

Spike MSD

Added-MSD Recovery

gamma-BHc (Lindane) < 0.
Henl-achlor < 0-
Aldrin < 0.
Dieldrin < 1

4 ,4' -DDE < 1

4 ,4' -DDD < .1

4 ,4' -DDT < 1
oamma Chlnrrlana < 0-
al nha Chl orri:ne < 0.

Reported in pg/kg (ppb)

968
958
968
.94
.94
.94
.94
968
968

3.38
3 .36
3.09
4.35
6 .48
4. t-0
4 .20
3.25
2 -15

3.87
3 .81
3 .87
-7 .13
1 .73
't -73
7 .73
3.87
3 .8'7

87 .3%
85.8&
79.82
56.32
83.8%
53 .03
54.38
84.0?
7L.rz

2 .69
3.60
2 .61
4 .43
6 .52
4 .49
4 .56
2 .82
z.oL

3 -87
3 .87
3 .8'7
'7 .73
'7 .'73
7 .13
7 .73
3 .87
3 .87

69 -52 22.'72
93.O2 6.92
69.0t l-4.52
57.3E 1.8%
84.32 0.6%
58.19 9.1%
59.08 8.22
72.9% l-4.22
67.42 5.22

RPD cafcufated usinq samDle concenErations per SW845

FORM fII
#Fq="-% : ffi##+E



ORGANICS ANAIJYSIS DATA
PSDDA Pesticj-des/PcB by
Page 1 of 1

Lab Sample ID: OK55A
LIMS ID:09-3059
Matrix: Sediment
Data Rel-ease Authorized
Reported: O2/IB/09

SHEET
GClECD

,16

Analyte

QC Report No:
Proj ect :

a}sbHs*@
INCORPORATED

Sample ID: ID-000-MIX
MATRIX SPIKE

OK55 -science Applications, Int.l- .

2OO9 IRONDALE SED]MENT QUALITY INVS

DaEe Extracted: 02/ 05/ 09
Date Anallzed: 02/L4/og oo,+o
Instrument,/Analyst : ECD4 /fu\R
GPC Cleanup: No
Sulfur Cleanup: Yes
Florisif Cleanup: No
Acid Cleanup: No

CAS Number

Date Sampled: 01'/29/09
Date Received: Oa/30/09

Sample Amount' 25.9 g-dtY-wt
Final Extract Volume: 5.0 mL

DiluEion Factor: 1. 00
Silica Ge1: Yes

Percent Moisture : 19 .4%

RL ResulE

58-89-9
7 6-44 -8
309 -OO -2
60-57 -1,
72-55-9
'72-54 -8
50 -29 -3
51,03 -'/ 4 -2
5103 -71,- 9
789-02-6
3424-82-6
53-19-0
27304 -13 -8
5103-73-1
39765-80-5

gamma-BHC (Lindane)
IJanf :nhl nr

Afdrin
Dieldrin
4,4'-DDE
4,4 ' -DDD
4 , 4' -DDT
gamma Chl-ordane
alpha Chlordane
2 ,4' -DDT
2,4t -DDE
2,4'-DDD
oxy Chlordane
ci-s -Nonachlor
trans -Nonachl-or

o -97
0 .97
o -97
1.9
'lq

1.9
1.9

0 .97
0 .97
1.9
1.9
1.9

10

Reported in pg/kg (ppb)

PesL,/PCB Surrogate Recovery

U
U
U
U
U
U

r.9

1.9
L-v

L.9
1.9

Decachforobiphenyl
Te trachlorometaxvlene

92.52
s3.5?

FORM I
#F;ffiffi ; ffi#ffiLa;*



ORGANICS AT{AI,YSIS DATA SHEET
PSDDA Pestsicides/PCB by GCIECD
Pase 1 of 1

Lab Sample ID: OK55A
LIIvIS ID: 09-3059
Matrix: Sediment -tData Release Authorized ://f
Reported: o2/L8/09 ,//

Date Extracted I 02 / 05 / 09
Date Analyzed: 02/14/09 01:00
Instrument/Analyst : ECD4/AAR
GPC Cl-eanup: No
Sulfur Cleanup: Yes
Florisi-I Cleanup: No
Aci-d Cleanup: No

CAS Number Analyte

Als:fi8rb@
INCORPORATED

Sample ID: ID-000-MIX
MATRIX SPIKE DUP

QC Report No: OK55-Science Applications, Intl.
Project: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Date Sampled: OL/29/09
Date Received: 01,/30/09

Sample Amount: 25.9 g-dry-wt
Final- Extract Volume: 5.0 mL

Dilution Factor: 1.00
Silica Gel: Yes

Percent Moisture; 19.4%

RL ResulE

s8-89-9
7 6 -44-8
309-00-2
60-57 -1,
'72-55-9
72-54-8
50 -29 -3
5103 -1 4 -2
5103-71-9
'789-02-6
3424-82-6
53 -19-0
27304-13-8
5103-73-1
39'765-80-5

gamma-BHC (Lindane)
TJanf :nlr-l nr

Aldrin
Dieldrin
4,4'-DDE
4,4' -DDD
4,4'-DDT
gamma Chfordane
r l nh: Ch l nrrl:na

2,4',-DDT
2 ,4' -DDE
2,4' -DDD
nvrr il-rl nrd:na

cis -Nonachlor
trans -Nonachlor

0.
0.
0.

1
1
1
1

0.
o

1
1
1
1
1
1

97
97
97

o

97
97

a
q
q

1 0 rl
1 O TT

1 O TT

lqTT
1 O TT

.I O TT

Reported tn pg/kg (ppb)

Pest/PCB Surrogate Recovery

Decachl-orobiphenyl
Te t rachl orome taxyf ene

rl-u6'
55.88

FORM I
-a-AE-'h ub'LG " d.FEit:; *= **



ORGANICS ANAI,YSTS DATA SHEET
PSDDA PesE,icides/pCA by GelECD
Page 1 of 1

Lab Sample ID: LCS-020509
LIMS ID: 09-3059
Matrix: Sediment
Data Release Authorized:
Reported; 02/78/09

Date ExEracted: 02/O5/O9
Date Anafyzed: 02/Il/ 09 01:25
Instrument/Analyst : ECD4/AAR
GPC Cleanup: No
Srr I f rrr Cl a:nrrn - YeS
Florisil Cleanup: No

Analyte

Als:fi8ti@
INCORPORATED

Sample ID: LCS-020509
IJAB CONTROL

OK55-Science Applications, Intl.
2009 TRoNDALE SEDIMENT QUALfTY ]NVS

6
QC Report No:

Proj ect :

Lab
Control

Date Sampled: o1/29/09
Date Received: 0I/30/09

Sample Amount: 25.0 g-dry-wt
Flna1 Extract Vol-ume: 5.0 mL

Dilution Factor: 1.00
Silica Gel: Yes

Percent Moisture: NA

Spike
Added Recovery

gamma-BHC (Lrndane)
HanFral.rlnr

Aldrin
Dieldrin
4,4' _DDE

4,4' -DDD
4,4'-DDT
gamma Chlordane
alpha Chlordane

Reported in pg/kg (ppb)

Pest/PCB Surrogate Recovery

4 -46
4.32
a4n
7 .62
9 .04
9. 18
a qn

3. 88
3.76

4.00
4.00
4.00
8.00
8.00
8.00
8.00
4.00
4.00

1L2Z
108%
110 %

95.2+
113 ?
11s %

11 9*
97.O2
94.O%

Decachlorobiphenyl
Tetrachlorome taxy J- ene

82 .02
86.0t

FORM TTI
"#84ffi8= : #ffi"#"E=



FORM 4
PESTICIDE METHOD BLANK

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No.: OK55

Lab Sample ID: OK55MBS1

Matrix (soi1/wat.er) SOLID

Sulfur Cleanup (Y/N) Y

Date Analyzed (1): 02/l!/09
Time Analyzed (1) : 0104

Instrument ID (1) : ECD4

GC Column (f): STX-CLPI ID: 0.53(mm)

TH]S METHOD BLANK APPLTES TO

SAMPLE NO.
SUMMARY

Project: 2009 IRONDALE SEDTMENT

Lab File ID: 0210A036

Ext.ract.ion : (SepF /Cont/ Sonc) SW3550B

Date Extracted: 02/05/09

Date Analyzed (2) z 02/11,/09

Time Analyzed (2): 0104

InsLrument ID (2) z ECD4

GC Column (Z) : STX-CLP2 ID: 0.53 (mm)

THE FOLLOWING SAMPLES, MS and MSD:

01
o2
03
o4
05

SAMPLE NO.
========::==
OK55LCSS1
ID-OOO-MIX
rD-OOO-MIX
ID-OOO-MIX M
ID- OOO -MIX M

SAMPLE ID

OK55LCSSI
OK55A
OK55A
OK5sAMS
OK55AMSD

ANALYZED 1

02 / 1,1/ oe
02/]-]-/oe
02/14/oe
02/1-4/o9,,
02/1-4/oe

ANALYZED 2

02/17/oe
02/1,r/oe
02/1,4/oe
02/14/oe
02/1,4/oe

.'.1

?age 1of1
FORM IV PEST

*:iFF-F= ., ,4ffiffi,ri---
+EF-L.F r,==h, a-5 "a-fi " W.& V;ft W;t *



ORGANIES A.TTALYSIS DATA SHEET

PSDDA Pesticides/pcs by GCIECD
Page 1 of 1

Lab Sampl€ ID: MB-020509 QC

LIMS ID:09-3059
Mat rix : Sed iment -/V-Data Rel-ease AuLhorized, &f
Reported : 02 / 78 / 09 t// '

Date Extracted:- 02/05/09
Date Anallzed: 02/11'/09 01:04
f nstrumenC/AnalYst : ECD4 /AAR
GPC CleanuP: No
Sulfur CleanuP: Yes
Florisil CleanuP: No
Acid CleanuP: No

CAS Number Analyte

ANALYTICA L (A
RESOURCES \Z
INCORPORATED

SamPle ID: MB-020509
METHOD BI,ANK

Report No: OK55-science Applications, Int].
Proiect: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Dat.e SamPled: NA
Date Received: NA

Sample Amount:
Final Extract Volume:

Dilution Factor:
Silica Gef:

Percent Moisture:

25.0 g-dry-wt
5.U ML
1.00
Yes

NA

ResultRL

5B-89-9
76-44-B
309 -OO -2
60-57 -1,
72-s5-9
72 -54-8
50 -29-3
51,03 -7 4 -2
5103-71-9
'789-02-6
3424-82-6
53-19-0
2'7304-13-8
5103-73-1
3976s-80-5

gamma-BHC (l,indane)
Heptachlor
Aldrin
Di-eldrin
4,4', -DDE
4 , 4', -DDD
4 , 4', -DD'r
gamma Chlordane
alpha Chlordane
2 ,4' _DDT

2 ,4', -DDE
2 ,4' -DDD
oxy Chlordane
cis-Nonachl-or
trans -Nonachlor

Reported in pg/kg (PPb)

Pest,/PCB Surrogate RecoverY

DecachforobiPhenYl
Te t rach loromet axYl ene

1.0
1.0

2.0
2-0
2.O
2.0
1.0
1.0
2.0
2.0
2.0
2-0
2 _O

2.O

< 1.0 u
< 1.0 u
< 1.0 u
< 2.0 u
< 2.O U
< 2.O U
< 2-O U
< 1.O U
< 1.0 u
< 2.0 u
< 2.0 u
< 2.0 u
< 2.O U
< 2.0 u
< 2.O U

94.22
79.8"6

FORM I
*H*m : #s##q?



NWTPHDx

#Hffiffi: ffi#ffi4ffi



ANALYTICAL
RESOURCES

ORGANICS ANALYSIS DATA SHEET INCORPORATED
TOTAL DIESEI, RANGE HYDROCARBONS
NWTpHD by cC/FID-Silica and. Acid Cteaned QC Report No: OK55-Science Applications, IntI
page 1 of 1 Project: 2009 IRONDALE SEDIMENT QUALITI
Matrix: Sediment

Data Rel-ease Authorized., 2
Reported.; 02/06/oe /ft

ExEraction Analysis EFv
Date Daue DL Range RL ResultARI ID Sample ID

OK55A ID-OOO-MIX O2/o4/o9 02/05/09 1.00 Diesel 31 350

09-3059 HC rD: DRO/MOTOR OIL FID3A 5.0 Motor OiI 61 330
o-Terphenvl 81.3?

MB-020409 Method Bl-ank O2/O4/O9 02/05/09 1.00 Diesel 5-0 < 5.0 U

09-3060 HC ID: --- FID3A 1.0 Motor Oif 10 < 10 U

o-TerPhenvf 86.42

OK55B SB-REF-ID-01 O2/O4/O9 O2/05/O9 1.00 Diesel 6-6 < 5-5 U

09-3050 HC ID; --- FID3A 1-O Motor oil 13 < 13 U
o-Terphenvf 82 -9%

OK55C SB-REF-ID-}2 02/04/0e 02/05/09 1.00 Diesel 6.2 < 6.2 U

09-3061 HC ID: --- FID3A 1'0 Motor oif 1-2 < L2 U
o - TerPhenrzl 84 . OZ

Reported in mglkg (ppm)

EFV-Ef fecti-ve Final Vofume ln mL.
DL-Dilution of extract prlor to analysis.
Rl-Reporting Iimit.

Diesel quantitation on total peaks in the range from c12 tro c24.
Motor Oil quantitation on totaf peaks in the range from C24 to C38.
HC ID: DRO/RRO indicate results of organics or additional hydrocarbons in
rancres are not identifiable.

FORM I !:tF+ gE. . {-FfEs-Ef t{=Ed8{-L%,8\-} " W-&WEry-E*.i -:E



Als5fi:r\@
INCORPORATED

CI.EA}TED TPHD SURROGATE RECOVERY SI'MMARY

Matrix: Sediment QC Report No: OK55-Science Applications, Intl.
Project: 2009 IRONDALE SEDfMENT QUALITY INVS

Client ID OTER TOT OUT

ID-OOO-MTX
MB-020409
LCS-020409
SB _REF- ID _ O 1
SB_REF_TD_O1 MS 86. O? O

SB-REF-ID-o1 MSD 88.72 O

SB_REF_ID_02 84 .02 0

LCS/MB LIMITS QC LIMITS

(oTER) = o-Terphenyl (62-!:18) ( 49-L2s)

Prep Method: SW3546
Log Number Range: 09-3059 to 09-3061

81.3? 0
86 .42 0

90.92 0
82 .92 0

Pacre 1 lor u.K55
FORM-II TPHD

#Frffiffi: #'##ffi#



AIsbfi8r\@
INCORPORATEDORGAIITCS ANALYSIS DATA SHEET

NWTPHD by GC/ETD-Silica and Acid Cleaned
Paqe 1 of 1

Lab Sample ID: OK558
LIMS ID: 09-3050
Matrix: Sediment zt/^
Data Release Authorized' K/
Reported: 02/06/09 ?

Date Extracted MS/MSD: 02/04/09

MSD: 02 / 05 / 09 a7 :28
Instrument/Analyst MS: FID/MS

MSD: FID/MS

Range

Sample rD: SB-REF-ID-01
MS/MSD

.|ra Dan^rf I\T^. nKqq-qciance Annl I --Li ^-- r-Fl
^--- -^rr*audLaulrD, rrlLl '

PTOJECT: 2OO9 IRONDALE SEDIMENT QUALTTY INVS

Date SampJ-ed: OL/ 29 / O9

Date Received: o1/30/09

MSD: 1.0 mL
Dilution FacEor MS: 1.0

MSD: 1.0
Percent Moisture:. 24.8%

Sample Amount MS: 7.53 g-drY-wt
MSD: 7 -84 g-dry-wt

Date Ana]yzed MS: o2/o5/09 L'l:o9 Final Extract vol-ume MS: 1.0 mL

Spike MS Spike MSD

Sample MS Added-MS Recovery MSD Added-MSD Recovery RPD

Diesel

n-Tav^l-'anrrlv !er}/rrearl f

Resufts reported in mglkg
RPD calcufated usj-ng sample concentrations per SW846 -

< 5.6 134 rg7 58. O% 136 l-91 11.2% r -5%

TPHD Surrog'ate Recovery

MS MSD
86.0? 88.7%

FORM III

ffi-H;ffiffi :: ffi'ffi#='E-



A}s5fi:t\@
INCORPORATEDORGA}.{TCS ANAIJYSIS DATA SHEET

NWTPHD by Gc/FID-Silica and Acid Cleaned
Page 1 of 1

Lab Sample fD: LeS-020409
LIMS ID:09-3050
Matrix: Sediment
Data Release Autho rized 6
Reported ; 02 / 06 / 09 7

Date Extracted: 02/04/ 09
Date AnalYzed:. 02/05/09 a6:32
Instrument/Analyst : FID/MS

Range

Sample ID: LCS-020409
LAB CO}flTROL

QC Report No: OK55-Science Appl-ications, Intl.
Project: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Date Sampled: 0I/29/09
Date Received: 0L/30/09

Sample Amount: 10.0 g
Final Extract VoLume: 1.0 mL

Dilution Factor: 1'0

Lab Spike
Control Added Recovery

Diesef

Results reported in mg/kg

Ll-2 150 '74.72

TPHD Surrogate Recovery

n-'T'arnhanrzl 90 .92

FORM III
llf< - ssB4rs-s.-._.*



4
TPH METHOD BLANK

Lab Name: ANALYTICAL RESOURCES, INC

SDG No.: OK55

Dat.e Extracted: 02 / 04 / 09

Dat.e Analyzed : 02 / 05/ 09

Time Anal-yzed : 1651

SUMMARY

Client: SCIENCE APPLI

Project No.: IRONDALE

Matrix: SOLID

Instrumenl ID : FID3A

ANALYZED

02/0s/oe
02/05/oe
02/os/oe
02/0s/oe
02/os/oe
02/os/oe

BI,ANK NO.

OK55MBS1

ATIONS, INTL.

I

I

C

THIS METHOD BLANK APPLTES TO THE FOLLOWING SAMPLES, MS, and MSD:

UI
o2
03
o4
05
05

SAMPLE NO.

OK55LCSS1
]D- OOO -MIX
SB-REF- TD- O1
SB-REF- ID- O1
SB-REF-ID-01
SB-REF- TD- O2

SAMPLE TD

OK55LCSS1
OK55A
OK558
OK55BMS
OK5SBMSD
OK55C

page 1 of 1
FORM IV TPH

a-j#"=- : ffi"#F;*=



METALS

ffi&.$ffiffi . GffitrEffiEE
E-Ad1Lw-&a-E " UEE-d-AEfi\-$ 4



Alsbfi:ri@
INCORPORATED

INORGANICS AI{AIYSTS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab Sanple fD: OK55A
LIMS ID:09-3059
Matrix: Sediment
Data Release Authori-zed:
Rcnnrieel' O2 /2i/09

Sample ID: ID-OOO-MIX
SA}4PLE

A/- Ponnr{- \In. OK55-Qai one o Ann'l ; ^-+ i ^^- Thf IV9 l\g}Jvr u llv. rruu n[J}/rrudLaUllJ, f llLI.
Project | 2009 IRONDALE SEDTMENT QUALITY INVS

nafa Q:mnl orl. 07/29/09
Date Received: 0I/30/09

Percent TotaI Solids: 16.1%

Prep Prep Analysis Analysis
Meth Date Method Date CAS Nunber Analyte RL ng/kg-dry a

CLP 02/09/09 141IA 02/20/09 1439-91-6 Mercury 0.04 0.04 U

il-An: I rrtc rrndef er-f erl :f oi rrcn RL
Ht-RAnnrrtnfl t,tmar,

FORM-I
j!n.+L-- r q-ih"fr;eF



Ar35fi3ri@
INCORPORATED

INORGANICS ANAIYSIS DATA SHEET
TOTAI METAI,S
Page 1 of 1

T.:h Semnle TI-l . OK55A
LIMS ID:09-3059
Matrix: Sediment

^ -horized:udLd ncrcd5e huL
Reported:. 02/23/09

Sanple ID: ID-000-MIX
DUPLICATE

QC Report No: OK55-Science Applications, Intl.
Project:. 2009 IRONDALE SEDIMENT QUALITY INVS

Date Sampled: OI/29/09
Date Received: 0L/30/09

}4ATRIX DUPLICATE QUALITY CONTROL REPORT

Analysis Control
Analyte Method Sample DupJ-icate RPD Linit a

Mercury 141LA 0.04 U 0.07 54.52 +/- 0.04 L

Reported in mg /kg-dry

*-Contro] Limit Not Met
L-RPD Invalid, Lj-mit : Detectj-on Limit

FORM-VI



Alsbil:rb@
INCORPORATED

INORGANICS ANALYSIS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab SarnpJ-e ID: OK55A
LIMS ID:09-3059
Matrix: Sediment
Data Release Authori zed
Renorterl' 02 /2i/09

Sanple ID: ID-000-MrX
},{ATRIX SPIKE

QC Report No: OK55-Science Applications, IntI.
Project: 2OO9 IRONDALE SEDIMENT QUALITY INVS

Dafe S:mnlcrl' 0I/29/09
Date Received: 01/30/09

I'fATRIX SPIKE QUALfTY CONTROL REPORT

Anal-ysis Spike E

Analyte Method Sample Spike Added Recowery O

Mercury 141 1,A 0.04 U 0.51 0.445 115?

Reported in mg,/kg-dry

N-Control Limit Not Met
H-% Recovery Not Applicable, Samp1e Concentration Too High
NIA-lrTn+- Annli^al^'l6 AnrIrrt-a lrlaJ- Spiked

Perr-enf Rer:overv Limits:. 15-125%

FORM-V

mH"ffiffi: ffiP*affiffiT



INORGANICS ANA],YSIS DATA SHEET
TOTAT, META],S
Page 1 of 1

Lab Sample fD: OK55MB
LIMS ID:09-3059
Matrix: Sediment
Data Release Authorized
Reported:02/23/09

Al3bff:t'"@
INCORPORATED

Sa:np]-e ID: METHOD BLANK

f)f Ronnri NTn. OK55-eci anco Annl i c:t i ons Tnf I
Yv !\vl-v! r 411L ! .

Project:. 2009 IRONDALE SEDIMENT QUALITY INVS

D:fc S:mnlcd' NA
Date Recei-ved: NA

Percent TotaI SoIids: NA

Prep Prep Analysis Anal-ysis
Meth Date Method Date CAS Nunber Analyte RL nglkg-dry a

CLP 02/09/09 1 417A 02/20/09 't 439-97-6 Mercury 0.05 0.05 U

lI-Ana I vie rrnclef er:tecl ef oi iren RL
RL-Reportinq Llmit

FORM-I
#ffiffiffi: ##ffiffi#



INORGANICS ANAIYSIS DATA SHEET
TOTAI METAI,S
Page 1 of 1

T.,ah S:mnl e T D. OK55LCS
LIMS ID:09-3059
Matrix: Sediment
Data Refease Authorized
Reported: 02/23/09

Analyte
Analysis
Method

Arsbffiei@
INCORPORATED

g:'nFJ-e ID: LAB CONTROL

QC Report No: OK55-Science Applications, Intl.
Project:. 2009 IRONDALE SEDIMENT QUALITY INVS

D:fp S:mnlcd' NA
Date Received: NA

BI,ANK SPTKE QUAIITY CONTROL REPORT

Spike
Found

Spi-ke t
Added Recowery A

Morcrrrrz 14'77A

Reported in mg,/kg-dry

N-Control limit not met
NA-Not Applicab1e, Analyte Not Spiked
Control Llmits:. BO-720%

1. 08 1.00 108?

FORM-VII
irAFE----- , ffituF=-e---
E -.*.. k.7 , #BWk#E." e,-6



GENERAL CHEMISTRY

#HFffi: ffiffiffiffiffi



SA}4PLE RE SULTS - CONVENT IONAI,S
OK55-Science Applications, fntl

Client ID: ID-000-MIX
ARI ID: 09-3059 OK55A

Date Method Units

Proj ect : 200 9 IRONDALE SEDIMENT QUALI
Event: NA

Date Sampled: OI/29/09
Date Received: 0I/30/49

Alsbff:*@
INCORPORATED

Matrix: Sediment
Data Re-Iease Autho rized{Y\1 /
RAn^rfA.l . A) /Oa /nA l/ lL/v'' vJ/ vJ 

v,,)'

Analyte RL ganple

Totar Solrds 02/02/09 EPA 160.3 percent o. 01 i4.60
020209#r

Total Volati-]e soLids 02/02/09 EpA 160. 4 percent 0.01 1. 95
020209#7

N-Amnionia 02/02/09 EPA 350.1M mg-N/kg 0.13 0.32
020209#1

T^f -1 n---^: ^ ^-ruLaa vlgdrrru worbon 02/05/0 9 Plumb, 1981 percent 0.202 4.26
020509#1

RL Analytrcal reporting limit
U Undetected at reported det.ection limit

Ammonia determi-ned on 2N KCI extracts.

SoiI Sampfe Report-OK55
ffiE.f :- . fr,e-F_{F. E



SAMPLE RESULTS-CONVENTIONAIS
OK55-Science Applications, Intl.

Client ID: SB-REF-ID-O1-
ARr rD: 09-3060 oK55B

Date Method Units

Prolect:. 2009 IRONDALE SEDIMENT QUALI
Event: NA

Date Sampled: 07/29/09
Date Received: 07/30/09

Arsbfi:*@
INCORPORATED

Matrix: Sediment n ./
^-!- D^r^-^^ '/h '/uaLa Ke.redse Aurnorrzeoq l\1 ,/Reported: O2/09/09 V )T'\--/

Analyte RL Sanple

Total- Solrds 02/02/09 EPA 160.3 Percent 0.01 16-60
020209#7

Preserved Tota-I Solids 02/02/09 EPA 160.3 Percent 0.01 16.'70
020209#7

Total Volatife So-Iids 02/02/09 EPA 160.4 Percent 0.01 0.14
020209#r

N-Ammonia 02/02/09 EPA 350.1M mg-N/kg 0. 13 4.68
020209#I

Su-I f ide L.21 1.5002/02/09 EPA 316.2 mg/kg
420209#1

m^'-r n ---^'^ ^^rbon 02/05/0 9 Pfumb, 1981 Percent 0.020 0.232ruLor vrvollau ud
020509#1

RL Analytical report-Lng limit
U Undetected at reported detection limit

Lnrmcnia determined on 2N KCI- extracts.

Soil Sample Report-OKs5

#Hffi5" ####E



Matrix: Sedjment ta t .Data Rel-ease Author ized,[N,/
Reported: 02/09/09 ( f\-/

SAMPLE RESULTS-CONVENTIONAf,S aNALy1CALA
OK55-Science Appli-cations, fntl . RESOURCES\/

INCORPORATED

Project: 2009 IRONDALE SEDIMENT QUALI
Event: NA

DaLe Sampled: AI/29/09
Date Received: OI/30/09

Analyte

Client ID: SB-REF-ID-02
ARr rD: 09-3061 OK55C

Date Method Units RL Sample

Total So-Iids 02/02/09 EPA 160.3 Percent 0.01 73.30
o24209#I

Preserved Totaf Sofids 02/02/09 EPA 160.3 Percent 0.01 14.50
020209#r

Total Vo]atile So]ids 02/02/09 EPA 160.4 Percent 0.01 0.19
020209#r

N-tunmonia 02/02/09 EPA 350.1M mg-N/kg 0-14 2.51
020209#L

Su-ifrde 02/02/A9 EPA 316.2 ms/kg
020209#r

r.33 < 1.33 u

T^+-l n -^--l ^ ^-vryo'au rorbon 02/05/A9 Plumb,1981 Percent A.02A 0.354
020509#1

RL Analytical reporting limiL
U Undetected at reported detection _Iimit

Ammonia determined on 2N KCI extracts.

Soil Sample Report-OK55
friE f--F--, F'atu,ffi Fa -+.



METHOD BLANK RESULTS-CONVENTIONAIS
OK55-Scrence Applications, IntJ-.

Date Uni- ts

Prolect: 2009 IRONDALE SEDIMENT QUALI
Event: NA

D:fp S:mnlcri . NA
Date Received: NA

firs5fi:rb@
INCORPORATED

Ma t rix : Sediment nn : ./
Data Release Authorizedffit/
Reported : 02 / 09 / 09 [, /"

Analyte BIank

Total Solrds

Preserved Totaf Solids

Total- Vofati-Ie SoIids

N-Ammonia

Sulfide

Total Organic Carbon

A2/02/09 Percent < 0.01 U

02/42/09 Percent < 0.01 U

02/02/09 Percent < 0.01 U

02/02/09 mg-N/kg < O.1O U

02/02/09 nq/kq < 1.00 U

A2/A5/09 Percent < 0.020 U

Soil Method Blank Report-OK55
+l-*it' -€ E " fEGdA,* ; E* k-a - =- t " *- t#-i#,b$-B*



Matrix: Sediment
ljaca Release Authortzed
Reported: 02/09/09

LAB CONTROL RESULTS-CONVENTIONAIS ANALYTICATG
OK55-science Applications, fntl. RESOURCES\IZ

INCORPORATED

Project: 2009 IRONDALE SEDIMENT QUALI
Event: NA

D:f a Semnl er] ' NA
Date Recei-ved: NA

Spike
Analyte Date Units LCS Added Recowery

Suffide 02/02/09 mg/kg 6.30 6.54 95.32

Tota-L Organic Carbon 02/A5/09 Percent 0.544 0.500 108.82

Soj-l Lab Control Report-OK55
f-FE_FE'ff f;B@#*ffi
t-.F E-a uiF uir Ej €.t ryJ il! --3



STANDARD REFERENCE RESULTS-CONVENTIONA].S
OK55-Science Applications, IntI.

bl

AIs:[J:tb@
INCORPORATED

Matrix: Sediment
Data Refease Authorized:
Reported: O2/09/09

Analyte/SRM ID

Project:. 2009 IRONDALE SEDIMENT QUALI
Event: NA

D:fe S:mnlccl: NA
Date Recei-ved: NA

True
Date Units SRM Value Recovery

N-Ammoni-a 02/02/09 mg-N/kg I02 100 102.0%
SPEX 2B-24AS

T^ts-r A/^-^j^.-rbon o2/05/a9 percent 2.96 3.35 BB.4%rvLdr v!9arrfs 9a

Nrsr #8?04

SoiI Standard Reference Report-OK55
E g#'k G " g#e+g#{-- L-
wza.ww " %"rw-w1au:



Matrix: Sediment
^'-horizedudLd neaedSe AUL

F+-n.r rl erJ: A? 1a9 / A9

Analyte

RE PLICATE RE SI,ILTS -CONVENT TONAIS
OK55-Science Appli.cations, Int1.

Date

ArsbfJsri@
INCORPORATED

Pro;ect:. 2009 IRONDALE SEDIMENT QUALI
Event: NA

Date Sampled: 0I/29/09
Date Received: OI/30/09

Units Sample Replicate(s) RPD/RSD

TotaI So-Iids 02/42/09 Percent 16.60 1 6.20 0.62
11 .L0

Preserved Total Solids A2/42/49 Percent 16.10 75.10 1-1?
15 .10

Totai Voiatiie Solrds A2/02/09 Percent 0.1 4 0.80 5.5%
0.-72

ARI ID: OK55B Client ID: SB-REF-ID-O1

N-Ammonia

SLII I TOE

Tobal Organic Carbon

02/02/09 mg-N/kg 4-68

02/02/09 mg/kg 1.50

02/05/09 Percent 0.232

4 .94 12.62
5 .92

2.44 41 .12

0 .234 0 . 9%

0.230

Qoi I Ronl i e:fo Ronnrj--OK55

#-Hs-*= j ffiffi#E?



Mair-rx: Sedrrnent
Data Release Authorized
Reported:. 02/09/A9

MS/MSD RESULTS-CON\TENTIONAIS aNALYTICALA
OK55-science Apptications, Intl. RESOURCES\7

INCORPORATED

Project: 2009 IRONDALE SEDIMENT QUALI
Event: NA

D:fe Samnl ecl: OI/29/09
Date Received: 0I/30/09

Spike
Analyte Date Units 5anp1e Spike Added Recovery

ARf ID: OK55B Client fD: SB-REF-ID-O1

N-tunmonia 02 / 02 / 09 mg-N/ kg 4 . 68 I32 728 99 .1 Z

Sulfide A2/A2/09 mg/kg 1.50 I82 168 701.42

Total Organic Carbon A2/A5/09 Percent 0.232 0.124 0.411 103.1%

SoiI MS,/MSD Report-OK55

*Hffiffi: ffi#ffiffi#



GEOTECH

ffi${ffiffi: ffiffiffiffiffi
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TOTAL SOLIDS

#Kffiffi: ffiffiffi?E



Extractions Total- Solids-extts Workfist: 7847
Data By: Woo suk Chang Analyst.: RVR
Created: 2/ 2/09 Comments:

ARI ID Tare Wt Wet Wt Dry Wt
CLIENT rD (S) (g) (S) E Solids pH

1. OK55A 1,.16 13. s0 11.11 80.5
09-3059
rD-000-Mfx

2. OK55B 1,.1,5 13 .80 10.66 75.2
09-3060
SB_REF-]D-01

3. OK55C l-.15 13.58 10.31- 73.7
09-3061
SB_REF- ID-02

NR

NR

NR

Workl-ist ID : 7 847 Paqe : 1



Sol ids
Date:

Sol ids

JOB

T).al-: Fnl-rrz Panrrrf
n 

^ 
/1n /n nvz/ lv/ vJ

Determi-nation performed on

SAMPLE CLIENT]D

Checked by: l]/l[ Date , W/b /&
r+l+uava An.alrrc1- . KM

02/oe/oe by MH

TAREWEIGHT SAMPDISH DRYWEIGHT SOLIDS

oK55 ID-OOO-MIX 0 .954 r0.2L8 8.061 76.72

.-Fr'---.- ^ ffi,ffi-+._F-*
ts, ,E*" - F. fr " #-BFBW# F ^ fl



Laboratory Data Package

prepared
for

Science Apptications, IntI.

Project: 2009 Irondale Sediment Quality Investigation

ARI JOB NO: OK55

prepared
by

Analytical Resources, Inc.

#e4ffiffi: ffiffi#i?ffi



Semivolatile Analysis
QC Summary Data

prepared
for

Science Applications, Intl.

Project: 2009 Irondale Sediment Qualify Investigation

ARI JOB NO: OK55

prepared
by

Analytical Resources, Inc.

ffi*{5ffi r Wffiffi??



SW827O SEMIVOLATII,ES

Matrix: Sediment

SOIL/SEDIMENT SURROGATE RECOVERY SI'MT"I,ARY

QC

AlsbrHsrb@
INCORPORATED

Annlir-afions Tntl .-ssorNlnlrr 
QUALITY INVS

DCB PHL 2FP TBP 2CP TOT OUT

Report No: OK55-Sclence
Proi ect : 200 9 IRONDALE

Client ID NBZ FBP

MB-020509
LCS-020s09
ID_OOO-MIX
ID_OOO_MfX
ID_OOO_MTX

(NBZ )

( FBP)
(TPH)
/naR\
(PHL)
/,E'D)

(TBP)
(2CP)

5b,46 55.24
52.82 50.88
6L,26 63 .26
56 . 0g 58 .42
54.82 58.8?

.8? 58.8?

.22 53.22

.22 59 .6%

.88 55.22

.0? 56.4*

5b.56 54.16
52.36 5l_.56
63.72 58.1%
50.03 54.'72
5'7 .6% 54 .92

lao-a1

(a1-oa
(2s - e2)
(29-85)
(10-114)
(2s-103)
(30-84)

60.58 58.18
64 . Bz 52 .82
81.1? 62.72
'7 4 . Lz 57 .1-z
7 4 .92 57 .62

0

0

0

0

0
MS

MSD

BO
't5
77
6B
70

I.CS,/MB I.IMITS QC LIMITS
d5 -Nitrobenzene
t - E'l rrnrnh i nhanrrl

d14 -p-Terphenyl
d4 - I ,2 -Dichlorobenzene
d5 - Phenol
t - E"'l rrnranhcnn'l

2 ,4 ,6 -Tribromophenof
d4-2-Chlorophenol

(37-8s)

3I - 105 )
22-"O\

(40-8s)
(20 - e3)
(40 - e6)
(41- 81)

Prep Method: SW3550B
Log Number Range: 09-3059 to 09-3059

Page 1 for OK55
FORM-rr sw8270

F!lp: f- ffi " ^i'E,friia-?== F=
UZzrLEd"WE-EEEEtJ



ORGA}TICS ANAI,YSIS DATA SHEET
PSDDA Semivolatiles bY SW8270D
Paqe I or J-

Lab Sample ID: OK55A
LIMS ID: 09-3059
Matrix: Sediment
Data Release Authorized:
Reported : 02 / 73 / 09

Date ExtracLed MS/MSD: 02/05/09

ANALYTICALTJ/EI
RESOURCES \7
INCORPORATED

Sample ID: ID-000-MIX
MS/MSD

QC Report No: OK55-science Applications, Intl.
Project: 2009 IRONDALE SEDTMENT QUALITY INVS

Date Sampled: 01-/29/09
Date Received: 0a/30/09

cclMs

Date Anal-lzed MS:
MSD;

Ins trument,/AnaIyst

GPC Cleanup: YES

Anafyte

02/a2/ 09 20:19
vz/ rz/v> zui)z

rrm- /T Tn
lvlJ: I\tO/lJrJK

MSD: NT5/LJR

Sample Mq

Sample Amount MS:
MSD:

Final Extract Vofume MS:
MSD:

Dilution Factor MS:
MSD:

Percent Mol-sture:

Spike MS

Added-MS Recovery MSD

25.8 g-dry-wt
25.9 g-dry-wL
0.5 mL
0.5 mL
1.00
1.00
L9.4 Z

Spike MSD

Added-MSD Recovery RPD

PhenoL
1 -l -nieh-nroherzene
1 4 - ni ehl orobe-zene
Panzrr'l Al nnlral

1 ? -ni ehl ornlrcnzene
? -Maf hrr'l nhcnol
/ nr^!L.-1 

-L^-^l+-l'lcLtryrPrlsrrv!

Hexachf oroethane
2 , 4 -Dimethylphenol
Benzolc Acid
1 ) 4 -'rr; chl orobenzene
NT=nhth:J anp

Hexachf orobutadiene
" 

. Morl^r''l ranhf hal e.ne
ni m6tshvl nLf l-r: l 

^f 
o

anananhfhrrl cne

A.an^nhj-hanp

Dibenzofuran
ni athrrl nl-rl-h:l ^t. a

Fluorene
N-trti f rosodi nhenvl amine
Hexachl orobenz ene
Doh f:.h l nranhcnol

Phenanthrene
Anthracene
rl 

- 
n..E,.l ^L!L-f -+Jr - n- Bu Cyl-pncna-LaEe

Ffuoranthene
Pyrene
F,rrrrr lhcrzrz lnhl-hal ate
D6-?^ /: \ ^nfhra.anc1^r-l- rLL--f L^.,-.1 \,hthafateur>\z-ELrlyrrrc^yrl!
1'h rrrc on a
ni -n-n.t-\/l nhFha l ate
Rpnzo (l-r) f I rroranf hene
Benzo (k) ffuoranthene
Elonz^aaln\/rana
Tndcnoll 2 ?-ed)nvrene
fti honz (a h ) anrhraCene
RanT^/o h i)nervlene\: t rrl + t yvL t 1\

1 -Mer hrzl nanhtha I ene

< 19.4
< 1-9 .4
< 19.4
< 79.4
< rv.4
< t9.4
< rv.+
< 1-9 .4
< 1_g .4
< 1-94

< 19.4
< L9.4
< ]_9.4
< L9.4
< 79.4
< L9.4
< L9.4
< 1-9 .4
< 79.4

< 1-9 .4
< !9.4
< 96-9

10.l_

< 19.4

38.4
< ]-9.4

14 .9
< l-9.4

< 1-9 .4
1-3 .4

< 1,9 .4
< LY.+
< !9.4
< LY.+
< Lt.+
< r9.4

26L
255
255
/ tra

za3

240
535
254

78.2
935
271,
282
289
217
281
27r
288
304
306
330
286
307
312
355
29r
340

359
306
3 r-6
384
32L
322
368
439
302
3 Z+
32r
287
300

268
zoa
271,
496
268
26L
565
265
1l_ 9

1030
275
288
294
285
293
279
z>a
3l-3
3r_8

303
324
3 91
340
3l-0
353
41-O

353
3r_8
324
400

333
4r9
430
320
308
309
263
308

483
483
483
967
483
483
961
483
483

t-450
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483
483

484 53 .93
484 52.1%
484 52.7%
967 47 .3t
484 52.3%
484 49 .62
967 55 .4E
484 52.52
484 16.22

1450 64.52
484 56.08
484 58.33
484 59.72
484 55.0%
484 59.3%
484 56.08
484 59.5?
484 62.8%
484 63.22
484 68.2%
484 59.l-8
484 63.42
484 76.9%
484 71..32
484 50.13
484 7 0 .2%
484 82.92
484 66.22
484 63.22
484 62.2%
484 '79.3%

484 58.6?
484 65.52
484 73.32
484 90.12
484 62 .42
484 66.92
484 66.3%
484 59.38
484 62.0%

sl-.38 8.2%
55.56 5.56
54.0E 8.4"6

54.9% 4.2%
24 .6% 4L .4"6
7L.OZ 9.72
56.92 1.5g
59.62 2.r%
6A .9% L .72
59.03 5.0%
60.'72 2.LZ
57 .8% 2 .92
6L.3% 2.72
64 .82 2 .9et
65.88 3.8?
10.82 3.52
62.'72 s.8s
67 .L% 5.42
81.09 5.Ofk
68.3? 4.3%
64.2% 6.3%
13.1,% 3.8?
80.6* 2.9%
65.18 r.7%
5s.88 3.8&
64.O% 2.5%
82.8% 4.1%
59.42 0.98
68 .9% 3 .42
84.08 13 .0%
89.08 2.116
66.32 5.8?
63.8t 5.1-%
64.0% 3.89
54.58 8.lZ
63.8E 2.62

Dacrr'lfc rannrl-ed in tto/Va
^sDuf LD !ul/vr l"J/,'J
RPD calculated using sampfe concentrations per SWB46

FORM III
ffiirF6:?_- " ,&ffi.ffi,.%frq,-mFq,.ffi:.-i - mffi 4# f :5



ORGA}TICS AI{AIJYSIS DATA SHEET
PSDDA Semivolatiles by sw8270D GclMs
D.dA 1 aF )

Lab Sampfe fD: LCS-020509
LIMS ID: O9-3059
Matrix: Sediment
Data Release Authorized:
Rcnorfed : O2. /11 / O9

Date Extracted: 02/ 05/ 09
nrfA AnalttzarT' n)/'1 1/o9'1 A.?O
Instrument/Analyst : NT6/LJR
GPC Cleanup: YES

Analyte

Af Dannrf \Tn 'vv !\eyvt
Drniccj-'

fixs:fi:tr@
INCORPORATED

Sample ID: LCS-020509
LAB CONTROIJ

OK55-Science Applications, Intl.
2OO9 fRONDALE SEDIMENT QUALITY INVS

Date Sampled: 0I/29/09
Date Received: 0I/30/09

Sample Amount: 25.0 g
Final Extract Volume: 0.5 mL

Difution Factor: 1.00
Percent Moisture: NA

Lab Spike
Control Added Recovery

Phenol
1 .l -n i ch 1 nrnhen zg11g
1 . 4 -ni r:h'l orobenzene
Panzrrl Al anhnl
1 t -ni al-r l arnLran r-' ---..-ene
? - Mat- hrrl nhano l

4 -Mc1_ hrr'l nhann l

Hexachloroethane
2 . 4 -D1 methwl nhenof
Benzolc Acid
1-, 2, 4-Trichlorobenzene
\T:nl-rl_ h: I ane

Hexachforobutadiene
2 -Mef hwl n:nhf ha'l ene
Di-methylphthalate
Ancn:nhfhrzl anc
Accn:nhl-hcne

Dibenzofuran
ni athrzl nl.rihr "l af a

FLuorene
N- Ni t rosodiphenyl amine
Hexachlorobenzene
Denl-echl nronhcnol
Phenanthrene
Anthracene
Di -n -Rufwl nhfha I ate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
l.ri c / ? -E'r- l.rrr'l havrzl ) nhth: I al- ceLe \a !err1 +rrerl_I

f-h rrrq pn c

Di -n-Or-twl nhthafate
RFn2rr (l'r) f I rrnr:nf hene
Rcnzrr (k) f 'l rrnrenthene
Panz6 ItIh\/rana
Tn^ann/'1 , ?-ad\\Lt-|J --'pyrene

283
272
269
392
272
2'7 r
584
271
245

r020
254
280
288
279
300
268
270
291,
333
324
313
307
310
32r
308
3'7I
382
379
390
334
421,
302
342
472
405
315
A AF

500
500
500

1000
s00
500

1000
500
500

1500
500
500
500
500
500
500
500
500
s00
s00
s00
500
500
500
500
s00
500
500
500
s00
500
500
500
500
500
500
500

5e,. b6
54 .42
5J. U6
39. 26
54 .4sk
54.22
58.4*
5+. ZZ
43 .02
68.0?
52.d6
56.08
5't .6%
55.8?
50.0%
53 .68
54.O2
58.22
bb. b6
64 .82
62 .62
61, .4%
52.02
64.22
b1. b6
/5.66
76.42
/5.66
78.02
bb. u6
84.22
60 .4%
68 .42
82 .42
81 . 08
63 .0?
81.0%

FORM III
-*H.ffiffi: ffiffi##ffi



ORGANICS A.I\TAI,YSTS DATA SHEET
PSDDA Semivolatsiles by sW8270D GCIMS
rdqE z vL z

Lab Sample ID: LCS-020509
LTMS ID: 09-3059
Matrix: Sediment
Date Anafyzed: 02/a7/ 09 1B:20

Analyte

ANALYTICAL (A
RESOURCES \7
INCORPORATED

SamPle fD: LCS-020509
LAB CONTROIJ

QC Report No: OK55-science Applicatj-ons, fntf.
Project: 2009 IRONDALE SEDTMENT QUALITY INVS

Irab
ConErol

Spike
Added Recovery

ni hanz f: h) enthracene\sr rrl sr4vr^r

Benzo (9, h, i) perylene
1 -Methylnaphthalene

Resufts reported in p7/kg

Semivolatile Surrogate Recovery

387
385
300

500
500
500

'77 .42
71 .22
60.0&

d5 -NlLrobenzene
I -Pl rrnrnl-r'i nl-ranrr'l
d'l Z -n-TFrnhenrzl
d4 - L, 2 -Dichf orobenzene
d5 - Phenol-
, - E'_l rrnrnnhannl

2,4,6-Tribromophenof
Al, -) -^'hl nrnnhennf! vyrrvrrv

5U. U6
75.22
53 . 26
52.32
5r.56
64 .82
5Z .66

FORM III

ffiVilffiffi: ffiffiffiffiF:-



Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Lab Fil-e ID: OK55MB

fnstrument ID: NT5

Matrix: SOLID

48
SEMIVOLATILE METHOD BLANK

BLANK NO.
SUMMARY

Client: SAIC

OK55MBS1

Project: 2009 IRONDALE SEDIME

Date Extracted: 02/05/09

Date Analyzed: 02/7I/09
Time Analyzed: 1746

THIS METHOD BLANK APPLIES TO THE FOLLOWING SAMPLES, MS and MSD:

SAMPLE NO. SAMPLE ID FILE ID
DATE

ANALYZED

0l_
02
03
04
05
06
07
08
09
10
11
1-2
l_5
L4
15
J_O

L7
l_tJ

1,9
zv
2I
22
23
z+
25
zo
27
z6
29
30

OK55LCSS1
ID-OOO-MIX
ID-OOO-MIX MS
ID-OOO-MIX MSD

OK55LCSS]-
OK55A
OKs5AMS
OK55AMSD

OK55SB
OK55A
OK5sAMS
OK55AMD

02/LL/ oe
02/L2/oe
02/L2/0e
02/L2/Oe

COMMENTS:

page 1 of 1
FORM IV SV

#tu{#*=b : ffi##ffiE



5B
SEMIVOLATILE ORGANIC TNSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, INC

Instrument ID: NT6

DFTPP Injection DaLe: O7/29/09

Client: SAIC

Project z 2009 IRONDALE

DFTPP Tni er:f i on Time:

SEDIME

70L7

=====
51
68

70
727
797
198
1,99
z t3
365
44r
442
443

ION ABUNDANCE CRITERIA

30.0 - 80.0% of mass 198
Less than 2.OZ of mass 6
Mass 69 relative abundm.
Less than 2.OZ of mass 69
25.0 - 75.0% of mass l-98
Less than L.OZ of mass 198
Base Peak, 100% relative a5fndance
5.0 to 9.0? of mass 198
10.0 - 30.0% of mass 198
Greater than O.752 of mass 198

ABUNDANCE

56.2
0.5 T--IT)T

54 .8
0.0 1--T.T]T

54 -7
0.0 

-

100.0
6.4 

-

22.3 

-

2.77-
11.1_ 

-

75.5 

-

1,4 .8 T-ae-.6f2
442-

Present, but less t.han mass
40.0 - l-l-0.0? of mass 198
15.0 - 24.0? of mass 442

443

l-Val_ue rs U mass 69 z-value ]-s z mass

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAMPLE NO.

ABN 25
ABN 80
ABN 1
ABN 40
ABN 5
ABN 10

SAMPLE ID

ABN 25
ABN 80
ABN T
ABN 40
ABN 5
ABN 10

F]LE ID

v z5v rz>
0800129
0010r_29
0400129
00s0129
010 012 9

ANALYZED

ot/2e/0e
01,/29/09
ot/2e/oe
0!/2e/0e
ot/2e/0e
or/2e/0e

ANALYZED

L0L7
1051
II26
T2OL
r235
1310

01
02
03
04
05
Ub
07
08
09
10
11
L2
13
I4
l_f,
l_o
I7
l_u
!9
zv
2I
zz

page 1 of 1
FORM V SV

#F{-ffi#: ffiffim#F



5B
SEMIVOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, fNC

Instrument ID: NT6

DFTPP Injection Date: 02/I\/09

CIient: SAfC

Project 2009 IRONDALE

DFTPP Injection Time:

SEDIME

m/a

=====
51
68
o>
70

1,27
I97
198
L99
275
35s
44L
442
443

ION ABUNDANCE CRITERIA ABUNDANCE

oz. r^--v.t \ L.z)r
57 .I

^ ^ 
-?---------F----

v.z l\ u.+i J_

55.3
0.0 

-

100.0
6.8 

-

22.1, 

-

2.52-
10.9 

-

75.7 

-

14.6 T-T9:3f2
442--

30.0 - 80.02 of mass 198
Less than 2.02 of mass 69
Mass 69 relative abundance
Less than 2.02 of mass 69
25.0 - 75.0% of mass 198
Less than 1.0? of mass 198
Base Peak, 100? relative ab-fndance
5.0 to 9.0? of mass 1-98
l-0.0 - 30.0? of mass 198
Greater than 0.752 of mass 198
Present, but less than mass
40.0 - 1l-0.0% of mass 198
l-5.0 - 24.0? of mass 442

443

1-Va]ue is % mass 69 2-Value is ? mass

THIS CHECK APPL]ES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAMPLE NO.

ABN CCAL
OKS5MBS1
OK55LCSS1

SAMPLE ID

ABN 25
OK55MBS].
OK55LCSS]-

FILE ]D

cco21t_
OK55MB
OK55SB

ANALYZED

02/1,7/Oe
02/17/0e
02/Lr/oe

ANALYZED

13 18
t7 46
r820

01
vz
03
04
ntr
UO
07
08
09
10
t_ t_

72
t_.J

I4
15
l-o
77
18
I9
zv
27
22

page 1 of l-
FORM V SV

*#qffi- : #'#ffi,ffi4



5B
SEMIVOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRIPHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, fNC

Instrument ID: NT5

DFTPP Injection Date: 02/12/09

Cl-ient: SAIC

Project: 2OO9 IRONDALE

DFTPP Tn-i cr-f i on Time:

SED]ME

L473

=====
3l_
58

10
r27
L>T
198
799
275
355
447
++z
443

ION ABUNDANCE CRITERIA

30.0 - 80.0% of mass 198
Less than 2-02 of mass 69
Mass 69 relative abundance
Less than 2.02 of mass 69
25.0 - 75.0? of mass 198
Less than 1.0? of mass 19€
Base Peak, 100? relative affi
5.0 to 9.0% of mass 198
10.0 - 30.0% of mass l-98
Greater than 0.752 of mass 19€
Present, but l-ess than mass
40.0 - 110.0? of mass 198

443

15.0 - 24.0? of mass 442

l-Val-ue ]-s t mass 69 2-Val-ue 1s ? mass

THIS CHECK APPLTES TO THE FOLLOWTNG SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAMPLE NO.

ABN CCAL
ID- OOO -MIX
ID-OOO-MIX MS
ID-OOO-MIX MSD

SAMPLE TD

ABN 25
OK55A
OK55AMS
OK55AMSD

F]LE ID

cc12L2
OK55A
OK55AMS
OK55AMD

ANALYZED

02/12/oe
02/L2/Oe
02/12/oe
02/12/oe

ANALYZED

1413
7946
zv r>
2052

01
02
03
04

UO
07
08
09
10
11
1,2
13
l4
15
IO
L7
t_8
I9
zv
2L
22

page 1 of 1
FORM V SV



8B
SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Cont . Cal-ib. ID: CC0211

Instrumenl ID: NT5

Cl-ient: SAIC

Proj ect : 2009

Date Analyzed:

Time Analyzed:

IRONDALE SEDIME

o2/71,/0e

13 18

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CL]ENT SAMP.
NO.

AREA #

al aa Al_l_oou+
233208

363U2
==========

RT#
7.00
7 .50

==!=33=

AREA #

421,305
842610

====!22=?=

527 8'7 9
52L270

DTr| #fr
=======

9 .07

8 .57

AREA #

222668
445336

===1113:1=

RT#
11.90
12 .40

=11=13=

OK55MBS1
OK55LCSSl-

I449L9
145001

7.00
7.00

9.06
9 .07

2837 46
28327L

11.90
11.90

01
02
03
04
05
UO
07
08
09
10
t_1
72
l-5
1,4

l_o
L7
18
79
zv
2L
zz

IS1 (DCB) = I, -Dichlorobenzene-d4
IS2 (NPT) = Naphthalene-d8
IS3 (ANT) = Acenaphthene-d10

AREA UPPER LIMIT = +100% of internal- standard area
AREA LOWER LIMIT = - 50? of internal- standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Cofumn used to flag internaL standard area val-ues with an asterisk.* Va]ues outside of QC l-imits.

1 ^t 1

^,q=s 
r v! ' ,oRM vrrr sv-1

fr,+f E_F " F*ffi,i-ffr=--



8C
SEMTVOLATTLE ]NTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Cont. Calib. ID: CC0211

Instrument ID: NT5

AREA RT

Client: SAIC

Project: 2009 IRONDALE SEDIME

Date Arral-yzed : 02 / tI / 09

Time Anal-yzed: 1318

PRY
AREA RT AREA #

12 HOUR STD
UPPER LIMIT
LOWER LTMIT

346584
693768
r I 5Z>Z

250599
5 01198
1253 00

RT#
zv.o+
2L -74
20.14

14.24
L4.74
L3. t+

2607 69
52r538
130384

18.51
19.01
18.01

CLIENT SAMP.
NO.

OK55MBS1
OK55LCSS1

443520
460009

352347
361780

---;;;aL;-
350049

=======
)i aa
20 .63

74.24
74.24 18.50

01
02

04
05
06
07
08
ng
10
11
T2
13
I4
15

I7
18
!>
zv
21,
22

IS4 (PHN) = Phenanthrene-d10
IS5 (CRY) = Chrysene-d12
IS5 (PRY) = Perylene-d12

AREA UPPER LIMIT = +100? of internaf standard area
AREA LOWER LIMIT = - 50? of internal standard area
RT UPPER LfMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minuLes of internal standard RT

# Co1umn used to flag internal standard area values with an asterisk.* Val-ues outside of QC limits.

naaa 1 nF 1.*Ye 
FORM vrrr sv-z

flj#;.ffi*" ffi##ffiF



8C
SEM]VOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARf Job No: OK55

Cont . Calib . ID: CC02l-1

fnstrumenL ID: NT5

Cl-ient: SAf C

Project: 2009 IRONDALE SEDIME

Date Analyzed: 02/II/09
Time Analyzed: 1318

AREA #

422967
845934
2rr484

==========
572383
59083 6

RT#
10 '74
zv.zo
L>.ZO

=======

AREA #
-it-H&R-;i;
UPPER LIMIT
LOWER LIMIT

CL]ENT SAMP.
NO.

OK55MBS1
OK55LCSS1

RT

01
UZ
03
04

Ub
o7
08
09
10
1t_
72
13
I4
15
l-o
I7
18
I9

2L
22

l-9.76
79 -75

IS7 = Di -n-octylphtha]ate -d4

AREA UPPER LIMIT = *100? of internal standard area
AREA LOWER LIMIT = - 50? of internal- standard area
RT UPPER LIMIT = + 0.50 minutes of int,ernal standard
RT LOWER LIMIT = - 0.50 minutes of internaL standard

# Column used to flag internal- standard area values* Values outside of QC limits.

RT
RT

wiEh an asteri-sk.

page 1 of 1
FORM VIII SV-3

*H=5: ffiffiffi#b&



8B
SEMIVOLATILE ]NTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Cont. Calib. ID: CC0272

Instrument TD: NT5

Client: SAIC

Project: 2009

Date Analyzed:

Time Analyzed:

IRONDALE SEDIME

02/L2/oe

I413

============
12 HOUR STD
UPPER LIMIT
LOWER LIMIT

CLIENT SAMP.
NO.

]D-OOO-MIX
]D-OOO-MIX M
rD-OOO-MIX M

AREA #

12r927
243842

50950

==========
L35665
r43034
r44085

o.:7_L
7 .4r
6 .41"

=======
a ol
6 .9L
6 .92

AREA #

430859
UbI- /JU
2r5434

==========
465331
487 633
4927 62

RT#
8.98
9 .48
8.48

=======
I .97
I .97
8.98

AREA

zzotLt
453434
l_l_JJ5U

==========
z+z L> )
2544L2
255292

RT#
11.81
72 .31,
11.31

=======
11 n1
11.82
LI .82

01
uz
03
04
05
UO
07
08
09
10
11
72
IJ
1ALA
15
-LO
I7
.L tJ

I9
20
2L
zz

IS1 (DCB) = I,4-Dichlorobenzene-d4
IS2 (NPT) = Naphthal,ene-d8
IS3 (ANT) = Acenaphthene-d10

AREA UPPER LIMIT = +100% of internal- standard area
AREA LOWER LIMIT = - 50% of internal- standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER L]MIT = - 0.50 minutes of internal standard RT

# Cofumn used to flag internal standard area values with an asterisk* Val-ues outside of QC limits.

nada 1 nf 1r1*r" 
FORM vrrr sv-1

RT#

ffiEqffiffi: ffi-###*



8C
SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI .lob No: OK55

Cont. Calib. ID: CC0272

InsLrumenL ID: NT5

s4
AREA

============
12 HOUR STD
UPPER LTMIT
LOWER LIMIT

CLIENT SAMP.
NO.

ID- OO O -MIX
ID-OOO-MIX M
ID-OOO-MIX M

Client: SAIC

Project z 2009

Date Analyzed:

Time Analyzed:

]RONDALE SEDIME

02/L2/0e
't 4I3

336 t5 t
673574
l_58378

IS5 ( CR
AREA #

254O28
515 0 56
r290r4

RT#
18.40
18.90

=1]=33=

78-42
18 .43
18.43

AREA #

29657 0
593 140
r48285

==========
39L459
397902
3 85199

RT#
20.5r
27 .07
20.07

=======
zv -Jo
20 -57
20.57

I4
I4
1_3

I4
o+
o+

---^:^ ^::-3926Y I
473775
478771

74 -L6
74.76
74.16

398390
406758
405006

01
vz
03
04
05
06
07
08
09
10
11
L2
J-J
I4
15
l_o
17
18
19
ZU
ZL
zz

IS4 (PHN)
]S5 (CRY)
]56 (PRY)

= Phenanthrene-d10
= Chrysene-d12
= Perylene-d12

AREA UPPER LIMIT = +100? of internal standard area
AREA LOWER LIMIT = - 50? of int,ernal standard area
RT UPPER LIMIT = + 0.50 minutes of internal- standard RT
RT LOWER LIMIT = - 0.50 minutes of interna] standard RT

# Col-umn used to flag internal standard area values with an asterisk* Values outside of QC limits.

-^^^ 1 ^F 1PaYc r v! ' 
"oRM 

vrrr sv-2

*H*E" ffiffiffiffi#



8C
SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OK55

Cont. Calib. rD: CCj2I2

Instrument ID: NT6

Cl-ient: SAf C

Project: 2009

Date Analyzed:

Time Analyzed:

IRONDALE SEDIME

o2/1,2/oe

L+ L3

AREA # RT# AREA # RT# AREA # RT#
1.2 HOUR STD
UPPER LIMIT
LOWER LIM]T

4307 49
851498
27537 4

J_v. b5
20.75
rv. -1 5

CI,IENT SAMP.
NO.

rD- OOO -MIX
ID-OOO-MIX M
ID-OOO-MIX M

610 6 85
606203
6L3020

1-9.58
19 .69
L9 .69

01
vz
03
04

Ub
07
08
09
10
t_1
12
l_J
L4
15
1al_o
77
18
79
zv
zJ-
22

IS7 = Di-n-octylphtha]ate-d4
AREA UPPER LTMIT
AREA LOWER L]MIT
RT UPPER L]MTT =
RT LOWER LIMIT =

# Column used to* Values outside

= +100? of internal- standard area
50% of internal- standard area

+ 0.50 minutes of internal standard
- 0.50 minutes of interna] standard

flag internal standard area values
of QC limits.

RT
RT

with an asterisk.

page .LOII
FORM VI]I SV-3
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Analytical Resources, Incorporated
Analytical Chemists and Consultants

ebruary 26,2009

Neil Morton
GeoEngineers, Inc.
Plaza 600 Building
600 Stewart, Suite 1700
Seattle, WA 98101

RE: Project: lrondale Sediment Quality Investigation
ARI Job No.: OL50

Dear Mr. Morton:

Please find enclosed original Chain-of-Custody (COC) record, sample receipt documentation,
and the data package for samples from the project referenced above.

Sample receipt and details of these analyses are discussed in the Case Narrative.

Please note that current ARI control limits are available at www.arilabs.com.

An electronic copy of this package will remain on file with ARl. Should you have any questions
or problems, please feel free to contact me at your convenience.

Sincerely,

Susan D. Dunnihoo
Director, Client Services
206-695-6207
sue@arilabs.com

Enclosures

cc: eFile OL50

SD/co

4611 South 134th Place, Suite 100. TukwilaWAg8l68 o 2O6-695-6200 o 206-695-6201 fax



Chain of Custody
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Analytical Resources, lncorporated
Analytical Chemists and Consultants

Skr(_ARI Client:

COC No:

*tn*

Cooler Accepted by:

Preliminary Examination Phase:

Were intact, properly signed and dated custody seals attached to the outside of to cooler?

Were custody papers included with the cooler?

Were custody papers properly filled out (ink, signed, etc.) --.....-.
Record cooler temperature (recornmended 2.0-6.0'C for chemistry ...-...-5t2.,

G
NO

NO

I, "c

5rJ
Complete custody forms and attach all shipping documents

Date: I lQ ICA fime: l2\0
---.-f---T-+

Gooler Receipt Form

Delivered by:

Tracking No:

Log-ln Phase:

Was a temperature blank included in the cooler?

Whatkind of packing material was used? I f-L-77-
Was sufficient ice used (if appropriate)? ...

Were all boftles sealed in individual plastic bags? ...... (YES_, NO

Did alf bottle arrive in good condition (unbroken)? (yt=$) NO

Were all bottle labels complete and legible? ( YE-! NO

Did afl bottle labels and tags agree with custody papers? (VeSj' NO

Were all bottles used correct for the requested analyses? ( VgSr NO

Do any of the analyses (bottles) require preservation? (attach preservation checklist) ....... \tr< (ib .\ \--,1'', yES \OWere allVOC vials free of air bubbles? /'NA
Was sufficient amount of sample sent in each bottle? ..-9=a.f-"=tt NO

\----l

sampfes Lossed oy' E\ oate: l/ f u/ rr( rime: O'.7-t-t
'" Notify Project ManageT of discrepanciei or-concerns **

Explain discrepancies or negative responses:

By: Date:

#HE# 'B"#ffi#fu
0016F Cooler Receipt Form

" ffiffi&#ffi--$
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Analytical Resources, lncorporated
Analytical Chemists and Consultants

Sarc-ARI Client:

COC No: FL',.J
Assigned ARI Job No:

Delivered by:

Tracking No:

Preliminar.y Examination Phase:

Were intact, properly signed and dated custody seals attached to the otrtside of to coofer? YES @
G, No

6No
5,2 "c

Were custody papers included with the cooler?

Were custody papers properly filled out (ink, signed, etc.)
Record cooler temperature (recommended 2.0-6.0 "C for chemistql

Cooler Accepted oy: 'SJ oate: 
'l lzo/el Time: [oZf

Complete custody forms and attach all shipping documents

Log-ln Phase:

Was a temperature blank included in the cooler? .-..--....-: yES @
What kind of packing material was used?

,---).Was sufficient ice used (if appropriate)? .-

Wer.e all boftles sealed in individuatptastic bags? yES dfD
Did all boftle arive in good condition (unbroken)? XB- No
Were allbottle labels complete and legibte? ,E$ NOY\Did allbottle labels and tags agree with custody papers? OE NO
were all bottles used correct for the requested anaryses? ------.--...-.--:- 6@ No
Do any of the analyses (bottles) require preservation? (attach preservation checklist) --.--.- yES G>
Were all VOC vials free of air bubbles? \----/ ,/--\Was sufficient amount of sampte sent in eaclr botfle? -....-..-.-.. ....---.-......-_..... qq$ NO

sampfes Logged uy: Sl-L q d", tl4}4, rime: ,l-SD
'" Notifyr Project Manager of discrepancies or concerns **

Explain discrepancies or negative responses:

Blr: Date:

*L#ffieffi@ffi=
21612007

G,o,o,ler Receipt Form

Project Name:

0016F Cooler Receipt Form
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ANALYTICAL
RESOURCES
INCORPORATED

Case Nawative

Client: GeoEngineers
Project: Irondale Sediment Quality Investigation
Matrix: Sediment
ARI Job No.: OL50

Samnle receipt

On February 6,2009, SAIC requested that five sediment samples be removed from archive.
The samples were logged under ARI job number OL50 and analyzed for PSDDA SVOCs,
SIM SVOCs, and Total Metals, as requested. All samples were previously frozen to protect
holding times.

PSDDA Semivolatiles

The samples were extracted and analyzed within required holding times for frozen samples.

Initial and continuins calibrations were within limits. Internal standard areas were within
control limits.

The surrogate percent recoveries were within the control limits.

The method blank was clean at the reporting limits. The LCS percent recoveries were within
control limits.

The matrix spike/matrix spike duplicate percent recoveries of Benzyl Alcohol fell outside
the advisory control limits for samples ID-l00-15-21-SD. No corrective action is required
for matrix QC.

SIM Semivolatiles

The samples were extracted and analyzed within required holding times for frozen samples.

Initial and continuins calibrations were within limits. Internal standard areas were within
control limits.

The surrogate percent recoveries were within the control limits.

Dibenz(a,h)anthracene and 1,2-Dichlorobenzene were present in MB-021009 at levels that
were greater than the reporting limits. All associated samples were undetected for these
compounds. No further corrective action was required.

Page I of2

#ft E'ffi: m*#tr?
Case Narrative OL50



ANALYTICAL
RESOURCES
INCORPORATED

The matrix spike/matrix spike duplicate percent recoveries were within advisory control
limits.

Total Mercurv

All samples for Total Metals were prepared and analyzed within the method recommended
holding times for frozen samples. All samples for Total Mercury were prepared and
analyzed outside the method recommended holding times, as requested.

The method blank was clean at the detection limit. The LCS percent recovery was within the
control limits.

The matrix spike percent recoveries and duplicate RPDs were within control limits.

Page2 of2
fr5 

':ffii 
.' FiEffifrFa
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Inorganic Data

Data Reporting Clualifi er.s
Effective 12t2gto4

u fndicates that the target analyte was not detected at the reported concentration* Dupricate RpD is not within estabrished contror rimits
B Reported varue is ress than the .RDL but > the Reporting Limit
N Matrix Spike (e@very not within estabrished contror rimits
NA Not Appticabte. analyte not spiked

H The natural concenlration of the spiked element is so much greater than
illi,i?jtt""" 

spiked that an accurate dererminarion of spike recovery is
the
not

L Analyte concentration is 55 times the Reporting Limit and the repticate controt timitdefaults to +1 RL instead of the normat i}i, neO
Organic Data

u Indicates that the target analyte was not detected at the reported concentration* Ftagged varue is not within estabtished contror fimits
B Analyte detected in an assoct-ated Method Brank at a concentration greater than

ffJ:.1$*11',fi"g*ins.Lirnit ". sv"'"r-ne resurarory rimit or sro"itn" anarl^e

J Estimated concentration wtren the vatue is less than ARI's estabtished reporting

D The spiked'compound was not detected due'to sample extract dilution
NR spiked compound re@v€ry is not reported due.to chromatographic interference
E Estimated concentration calculated for an analyte resporlse above the validinstrument calib'ation range- a difution is required to obtain an accuratequantification of the anatytel

s Indicates 
":^ iTqe response that has saturated the detector- The calcurated

:::fi:tration 
is not valid; a ditution ir rq"r.J;;;;fr;""ntiricarion or rhe

.lA The flagged analyte was not analyzed for
lS The flaEged analyte was not spiked into the sample

*u5ffi: ffi#ffiffi#



M Estimated vafue for an anatyte detected 
",.g .o:n1-,ed by an analyst but with fowspectrar march parameters- This n"g;;;;;d onry ror cb_fui a.,aryses

M2 The sample contains PCB congeners that do not match any standard Arocrorpattern- The PCBs are identifi"d"r,J ql^iin.o 
"r;";;;;or whose partern rnosrcrosery matches that of the sampfe_ Thei"oon"u varue is an estimate_N 

Jl:"ilJt:,:f::t,*jffff;J1tr"anaryre for which rhere is presumprive

Y The analyte is not detected al or above the reporred concentrarion- The reportinglffif;ff:"."t::J?"H;ffiT'A'i"#ll,l.?.""'". rhe y nas is equivarent to tr,,
c 

:nffi[.ffi"H:1|;jIj19"tin'o on onfv one or two chromatosraphic corumns-
column r'"t-' 

rrv rrr(Err€rence prevented a positive identification on the second

P The analyte was detected on both chromatographic corumns but the quantifledvafues differ by >4Oy" RpD with ,o oO.r.rr'lnro-"tographic interference
Geotechnical Data

The totaf of all fines fractions- This flag is used to report totaf fines when onfysieve anarysis is requested and barances't"Lr g-; size with sampfe weight_
Samples were frozen prior to particfe size determination
Sampte matrix w2-S nnr -^^-^^j-
::j:::_$;d:':":tj_iH:5";j[ jit!#:";._*:.tffi:1Ti",,:X]:ifl ilJsteung process andlor rnoisture content. porJ.ity 

"Id saturation carcutations

ff#fl""ilfl"T,:ff3,g;*",u3,3o"rtion or'nnes- required to perrorrn the pipette

A

F

SM

SS

W Weight of sampfe in someaqrrate weighting plpette aliquots was below the levef required for

ffit fft .. ffituffid .L-*
; FF -, kldE " tu-Bh-,tu*-E 4 tu-n



LCS SOLUTIONS o2rc7ns

LABEISOLN IE TEST CONC. UG/MLSOLVENT EXP.
1 1549-3 PCB 20 ACETONE 10110/09
2 1472-3 BCOC PEST 10 ACETONE 07l20lo8
3 1579-3 PEST 02104120 ACETONE 09t23t09
4 1576-3 LOW PEST 0.210.412 ACETONE 07 t31t09
5 1580-2 EPH 1 500 MECL2 01129110
6 1559-2 PCP 12.5t125 ACETONE 11105109
7 1581-4 ABN 100 ACETONE 08/01/09
8 1566-1 TBT 2.5 MECL2 12104109
I 1567-3 PORE TBT .125t.25 MECL2 12104109
10 1578-3 ABN ACID 1001200 MEOH 10121t09
11 1563-3 TPHD 1 5000 ACETONE 11t20t09
12 1563-1 ABN BASE 200 ACETONE 06/30/09
13 1573-2 LOW PCB 2 ACETONE 10110/09
14 1547 -1 LOW ABN ACID 10120 MEOH o4t10109
15" 1452-1 SIM PNA 15175 MEOH 04l09l09
16 1502-2 DIOXANE 100 MEOH o2t20t09
17 1516-2 1248 PCB 20 ACETONE o5lo7109
18 1514-4 LOW SIM PNA 1.517.5 ACETONE 04124109
19 1574-4 AK103 7500 MECL2 12t02t09
20 1572-2 PNA 100 ACETONE 12126t09
21* 1414-4 SKY/BHT 100 MEOH o4lo8t09
22 1570-1 HERB 12.5112500 MEOH 02119/09
23 1505-1 OW ABN BASE 20 MEOH 03120109
24 1573-4 LOW ABN 10 ACETONE 08/01/09
25 1481-1 DIPHENYL 100 MEOH 07 t20t08
26 1545-2 OP.PEST 25 MEOH 02114t09
27 1495-1 STEROLS 200 MEOH 12t29t08
28 1494-1 ADD. PEST 4 ACETONE 01t23t09
29 1496-3 DECANES 100 MEOH 02112109
30 1497-2 EDB/DBCP 2 ACETONE 02112109
31 1510-3 TERPINEOL 100 MEOH 03121109

Page 1

#Lffi# ; ##ffi S" *.



32 1576-2 GUAIACOL 50-200 ACETONE 06/05/09
33 1522-1 RESIN ACID 250 ACETONE 06111 lo9
34 1530-2 CONGENERS 1 ACETONE 07 t23to9
50 1571-1 FULL RESIN 250 ACETONE 06110/09

'=RE\ ERIFIET SOLUTION

LCS SOLUTIONS o2to7t09

Page2
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SURR SOLUTIONS o2n7ns

LABEL SOLN ID TEST CONC. UG/ML SOLVENT EXP.
A 1559-5 ABN 100/150 MEOH o3113/09
B 1572-1 SIM PNA 15175 MEOH 08128109
C 1559-1 SIM ABN 25137.5 MEOH 03t13/09
D 1573-3 LOW PCB 0.2 ACETONE 07131109
E* 1478-1 HERB 62.5 MEOH 09121t09
F 157 4-3 PCP 12.5 ACETONE 01t06t10
G 1534-1 l,4DIOXANE 100 MEOH 02120t09
H 1545-1 OP.PEST 25 MEOH 02t14t09

1559-4 LOW S. PNA 1.5 MEOH 08t28t09
J 1566-5 TBT-PORE 0.125 MECL2 12104109
K 1538-1 MED PCB 20 ACETONE 07 t31tog
L 1566-4 TBT 2.5 MECL2 12t04t09
M 1578-1 EPH 1 500 MECL2 12t09t09
N 1538-2 PCB 2 ACETONE 07131t09
o 1567-4 TPH 450 MECL2 09l24l09
P 1560-3 HCID 2250 MECL2 09124109
o 1497-3 EDB 2 ACETONE o2t12to9
R 1521-4 RESIN ACID 250 ACETONE o6t11 tog
S 1568-5 PBDE .25 MEOH 12111 lO9
T *reverifier solution
U
V
W
X
Y
Z

Page 1
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ANALYncAt@

ft?"8##^o,=o
Sample ID: ID-108-12-l-8-SD

SAMPIJE

ORGANICS AI{ALYSIS DATA SHEET
PSDDA Sesrivolatiles by sw8270 GclMS
Page I of 2

Lab Sample ID: OL50A
LfMS ID:09-3731
Matrix: Sediment
Data Reiease Authorizedr \ ra<
Reported: 02/1'7/09 V t/'

Date Extracted: 02/LO/O9
Date Analyzed: 02/L6/09 18:40
Instrument/AnaLyst : NT6/LJR
GPC Cfeanup: Yes

CAS Number Analyt.e

QC Report No: OL50-Science Applications, Intf
Project: IRONDALE SEDIMENT QUALITY rNVST

NA
Date Sampled: 0\/oB/09

Date Received: oL/Io/09

Sample Amount: 25.5 g-drY-wt
Final- Extract Vofume: 0. 5 mL

Dil-ution Factor: 1.00
Percent Moisture: 15 - 6?

RI, Result

r08 - 95 -2
54L-73 -I
ro6 -46 -7
100-51-6
95-50-1
95-48-7
t-ub-r+4-5
ro5-67 -9
65-85-0
r20 -82-L
vL-zu-5
87 -68-3
9r-5-7 -6
131-11-3
208 - 96 -8
83 -32 -9
]-32-64-9
84-56-2
86-73-7
85-30-6
rr8-74-1_
87-85-5
85-01-8
L20-L2-7
84-74-2
206 -44-O
129-00-0
85-58-7
56-55-3
Lt1 -8L-7
218 -01-9
1,1,7 -84-O

Phenof
1 ?-niehlorotrenzene
1, 4 -D j-chlorobenzene
Benzyl Alcohof
1 ? -ni chl nrnl-ranqgng
1-Ma|- hrrl nhannl

4 -Methylphenof
2 , 4 -Dimethylphenol
Benzolc Acid
1,, 2, 4-Trichlorobenzene
Naphthalene
Hexachlorobutadiene
. 

^r^!L-.1*^^LtsL-lz -wletrnyrnapntrnarene
Dimethylphthafate
Acenaphthylene
Acen:nhfhcne

Dibenzofuran
Diethylphthal-ate
Fluorene
N -Ni t rosodlphenyl amine
Hexachlorobenzene
Pentachlorophenol
PhenanEtrrene
Anthracene
Di -n-ButylphthaJ-ate
Fluorantshene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -Ethylhexyl) phthalate
Chrysene
Di -n-ocfvl nhthalate

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20

20
zv
98
20
20
20
20
20
20
20
20
20
20

<20
<20
<20
<20
<20
<20
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<zu
<20
<20
<98

L2
<20
<zu

l_1
10

<20
<20

13
<20
<20

U
U
U
U
U
U
U

U
U
U
u
U
U
U
U
U
U

U
U

iI
U
U
iI
iI
U
U
iI

U

FORM I
frE F:Fil ffi,ffitu.4 F
E fr$ . -iwh , tu-ib-i#h; ffi



ORGANTCS ANALYSIS DATA SHEET
PSDDA Semiwolatsites by Sw8270 GC,/MS
Page 2 of 2

Lab Sample ID: OL50A
LfMS ID: 09-3731
Matrix: Sediment
Date Anal-yzed: 02/1,6/09 18:40

CAS Number Analyte

QC ReporL No:
Drnianl- -

fiIs5fi:ti@
INCORPORATED

Sample ID: ID-l-08-12-1"8-SD
SAIIPIJE

OL50-Science Applications, Intl
IRONDAI,E SEDIMENT QUALTTY INVST
NA

RL ResulE

205 -99 -2
207 -08-9
50-32-8
193-39-5
53-70-3
19a-24 -2
90-1,2-0

Benzo (b) fluoranthene
Benzo (k) f f uorantLrene
Benzo (a) pyrene
Indeno (1,, 2, 3-cd) pyrene
Dibenz (a, h) anthracene
Benzo (S,h,i)perylene
1-Methyl-naphthalene

Reported in p.g/kg (ppb)

Semivolatile Surrogatse Recovery

U
U
U
U
U
U
U

b_1 . b6
58.0&
5U. v6
62. 16

20
20
zv
20
20
20
20

<20
<20
<20
<20
<20
<zu
<20

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 -Phenol
2,4,6 -Tribromophenol

5B .42
75.6%
56.O2
82.L%

2 - Ffuorobiphenyl
d4 - 1, 2 -Dichforobenzene
2 -Fluorophenol
d4-2-Chl-orophenol

FORM I #Lffiffi: ffi##g?



A}sb#zri@
INCORPORATED

-sD
ORGANICS ANALYSTS DATA SHEET
PSDDA Semivolaliles by 5w8270 GCIMS
Page I of 2

Lab Sample ID: OL50B
LIMS ID: O9-3732
Mat rix: Sediment r I tK
Data Rel-ease Authortzed., V J2
Reported: 02/a'7/O9

Date Extracted : 02 / 10 / 09
Date Anallzed:. 02/76/09 19:13
Instrument/Analyst : NT5/LJR
GPC Cleanup: Yes

CAS Number Analyte

Sample ID: ID-10L-8-l-4
SAI{PIJE

QC Report No: OL50-science Applications, Intf
Project: fRONDALE SEDIMENT QUALITY INVST

NA
Date Sampled: ol/oB/o9

Date Received: ol/70/09

Sample Amount :. 25.2 g-dtY-wL
Final Extract Vol-ume: 0.5 mL

Dilution Factor: 1.00
Percent Moisture:. 23.8*

RL Result

708 - 95 -2
541-t 3 - I
706 -46 -"7
100-51-6
95-50-1
95 -48 -'7
1,06-44-5
l_u5-b /-v
65-85-0
a20 -82 -1,
9L-20 -3
B7-58-3
9r-57 -6
131-11-3
208 -96 - 8
B3-32-9
r32-64-9
84- 66 -2
85-73-7
86-30-6
1,1,8 -7 4 -L
87-86-5
85-01-8
rzu- Lz- I
84-74.-2
206 -44 -0
1"29-00-0
85-58-7
55-55-3
LL7 -8L-7
218 - 01- 9

117-84-0

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20,
20
zv
20
20
20
99
20
20
20
20
20
20
20
20
20
20

<20
<zu
<20
<zu
<20
<zu
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<zu
<20
<20
<99

10
<20
<20

24
32

<zv
L4
13
20

<20

Phenol
1, 3 -Dichforobenzene
1, 4 -Dichlorobenzene
Benzyl Afcohol
1, 2 -Dichlorobenzene
2 -MethyJ-phenol-
4 -Methylphenol-
2 , 4 -DimeLhylphenol
Benzoic Acid
1 .2. .4 -Tri chl orobenzene
Naphthalene
Hexachf orobutadi-ene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N-Ni trosodiphenyl amine
Hexachl-orobenzene
PentachLorophenol-
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
Bu tylbenzy)-phtha J- a t e
Benzo (a) anthracene
bis (2 -Ethylhexyl) phthalate
Chrysene
Di-n-Octyl phthalate

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
TT

U
U
U
.f

U

U
,J

,J

FORM I F=,f F=r-:. - ft.ffitu ff E:r
B ,FE -:E#'fr " WEfu-EFE F F'"4



Arsbfisri@
INCORPORATED

Samp1e ID: ID-101--8-14-Sl)
SAMPLE

ORGANICS ANALYSIS DATA SHEET
PSDDA Semiwolatites by SW8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50B
LIMS ID:' 09-3732
Matrix: Sediment
Date Ana]:yzed: 02/15/09 19:13

CAS Number AnalyEe

QC Report No: oL5O-Science Applications, Intl
PTOJCCT: IRONDALE SEDIMENT QUALITY INVST

NA

RL Result

205-99 -2
207 -08 -9
50-32-8
193 -39-s
53-70-3
I9r-24-2
90-12-0

Benzo (b) fluoranEhene
Benzo (k) fluoranEhene
Benzo (a) pyrene
Indeno (1,, 2, 3-cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
1 -Methylnaphthalene

Reported in pg/kg (ppb)

Semivol-atsi1e SurrogaEe Recovery

20
20
20
20

20
20

t4
L2
L2

<20
<20
- t6

<20

,f
,f
J
U
U
U
U

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 - Phenol
2,4,6 -Tribromophenol

52 .42
67 .62
49 .12
74.42

54.O2
5Z .66
52 .8%
54.72

2 - Fluorobiphenyl
d4 -1, ,2 -Dichlorobenzene
2 - Fl-uorophenol
d4 - 2 -Chlorophenol-

FORM I #E*ffi#: #m#9ffi



Arsbffieb@
INCORPORATED

Sample ID: ID-102-9-15-SD
SAMPTE

ORGANICS AIIAI,YSTS DATA SHEET
PSDDA Semivolatsiles by 5w8270 GCIMS
Page a of 2

Lab Sample fD: OL50C
LIMS ID: 09-3733
Matrix: Sediment
Data Release arrtho rized', U T>
Reported:. o2/I7/09

Date Extracted : 02/lo/09
Date Analyzed:. 02/16/09 79;47
f nstrument/Arralyst : NT6/LJR
GPC CleanuP: Yes

CAS Number AnalyEe

QC Report No: OL5O-Science Applications, Intf
Project: IRONDALE SEDIMENT QUALITY INVST

NA
Date Sampled: oI/08/09

Date Received: oL/'l'0 / 09

Sample Amount; 25-4 g-drY-wt
FinaL Extract Volume: 0.5 mL

Dilution Factor: 1 .00
Percent Moi-sture : 23.3%

RL Result

108 -95 -2
54r-7 3 -a
1-O6 - 46 -7
100-51-5
95-50-1
95 - 44-7
a06-44-5
r05-6'7-9
65-8s-0
r20-82-r
vr-zu-5
8't -58-3
vr-5/-o
131-11-3
208 -96 -B
83 -32-9
7-32-64-9
84-66-2
86 -7 3 -'7
86-30-6
L]-8 -'7 4 -1,
87-86-5
85-01-8
LZV-LZ- t

84-74-2
206 - 44- O

129-00-0
85-68-7
55-55-3
1,t7 -8r-7
2r.8-01-9
L1'7 -84-O

Phenol
1, 3 -Dichl-orobenzene
1.4-Dichlorobenzene
Benzyl Afcohol
1. 2 -Dichforobenzene
2 -Methylphenol
4 -MethylphenoI
2 , 4 -Dimethylphenol
Benzoic Acid
I, 2, 4-Trichl-orobenzene
Naphthalene
HexachlorobuLadiene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthafate
Fluorene
N - Ni trosodiphenyl amine
Hexachforobenzene
Pentachl- orophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
ButylbenzyJ-phthal ate
Benzo (a) anthracene
bis (2 -Ethylhexyl ) phthalate
Chrysene
Di-n-Octyl phthalate

U
U
T]

U
U
U
U
U
U
U
U
U
TT

U
U
U

U
U
U
U
U

u
U

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20

20
20
20
20
98
20
20

20
20
20
20
20
20
20

<20
<zu
<20
<zv
<20
- ')n
<20
< zu

< 200
<20
<20
<20
<20
<20
<20
<20
<zv
<zv
<20
<20
<20
< 98

22
<20
<20

35
49

<20
23

<20
47

<20

tT

U

U

FORM I



ORGANICS ANAIJYSIS DATA SHEET
PSDDA Semivolatiles by SW8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50C
LfMS ID: 09-3733
Matrix: Sediment
DaEe Anafyzed: 02/16/O9 19:47

CAS Number Analyte

QC Report No:
Dr^i a^l- -

AXs:fJ8ti@
INCORPORATED

Sample ID: ID-l-02-9-15-SD
SAMPIJE

OL50-Science Applications, Intl
IRONDALE SEDIMENT QUALITY TNVST
NA

RL ResulE

205 - 99 -2
207 -08-9
50-32-8
193-39-5
53-70-3
19I-24 -2
90-12-0

Benzo (b) f l-uoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (L, 2, 3-cd) pyrene
Dibenz (a, h) anthracene
Benzo (g, h, i) perylene
1 -Methylnaphthalene

Reported in pg/kg (ppb)

Semiwolatile SurrogaEe Recovery

20
20
20
20

L7
2L
13

<20
<zu
<20
<20

.f
U
IT

U
U

d5 -Nitrobenzene
d'l 4 -n-l'arnhanrzl
d5 -Phenol
2,4,6 -Tribromophenol

56. B?
70.89
54.72
bv. b6

63.22
59.22
55.53
59.72

2 -Ffuorobiphenyl
d4 - l, 2 -Dichlorobenzene
2 -Fluorophenol
d4-2-Chlorophenol-

FORM I fiE*ffiffi : ffiffiffiE g



ORGANICS AI{AI,YSIS DATA SHEET
PSDDA Semivolatiles by Sw8270
Page I of 2

Lab Samp1e ID: OL50D
LIMS IDz 09-3734
Matrix: Sediment
Data Refease Authorized:
Reported: 02/17 /09

Date Extracted : 02/1-0/09
Date Analyzed: 02/16/09 20:2o
f nstrument/Ana1yst : NT6/LJR
GPC Cleanup: Yes

CAS Nunber Analytse

Ar3b#8rr@
INCORPORATED

Sample ID: ID-l-00-l-5-21-SD
SAMPTE

OL50-Science Applications, Intl
IRONDALE SEDIMENT QUALITY INVST
NA

QC Report No:
Drni ccl- .

Date Sampled: oI/oB/09
Date Rece j-ved: 01,/ 1,0 / o9

Sample Amount: 25
Finaf Extract Vol-ume: 0 .

Dilution Factor: 1.
Percent Moisture: 1B

RL

GClMS

{r5
- 6 g-dry-wt
5mL
00
.56

Resul t

l0B - 95 -2
54r -7 3 -1,
1,O6-46-7
100-51_-6
95-50-1
95 -48 -7
1,O6 - 44 -5
1,O5-67 -9
65-85-0
720 -82 -r
91,-20 -3
87 -68 -3
9t-5'7 -6
131- t_ 1- 3
208 -96 -8
83 -32 -9
r32-54-9
84-66-2
a6-73-7
86-30-6
tLB -7 4 -r
87-86-5
85-01-8
r20 -12 -7
84-74-2
206-44-0
129-00-0
85-68-7
56-55-3
L17 -81-7
218-01-9
LL7 -84-O

Phenof
1 , 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Alcohof
1, 2 -Dichl-orobenzene
2 -Methylphenol
4 -Methylphenol
2 , 4 -Dimethylphenol
Benzoic Aci-d
I, 2, 4-Trj-chlorobenzene
Naphthalene
Hexachl-orobutadiene
2 -Methylnaphthalene
DimethyJ-phthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N-Ni trosodiphenyl amine
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di- -n-Butylphthalate
FluoranEl.ene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -Ethylhexyl) phthalate
Chrysene
Di-n-octy1 phthalate

ZU

20
20
20
20
20

200

20
20
20

20
20
20
20
20

98
20
20
20
20
20
20
ZU
20
20
20

<20u
<20u
<20u
< 20 u
<20u
<20u
<20u
<20u

< 200 u
<20u
<20u
<20u
<20u
<20u
<20u
<20u
<20u
<20u
<20 ]J

<20u
< 20 u
<98U
<20u
<20u
<20v

19J
19 .l

<20u
<20u
<20u

11 .l
< 20 u

FORM I 5 +F E+-=e ESEg+E4_J-r?



ANALYTIo.::@

ft?"3#Jo'*or=o
Sample ID: fD-L00-15-21--SD

SAMPLE

ORGANICS ANAI,YSIS DATA SHEET
PSDDA Semivo1atsiIes by SW8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50D
LIMS ID: 09-3734
Matrix: Sediment
Date Analyzed: 02 / 1'6 / 09 20 :20

CAS Nuriber AnalYte

QC Report No: OLS0-Science Apptications, Intf
Project: IRONDALE SEDIMENT QUALITY INVST

NA

RIJ Result

205 - 99 -2
207 -08-9
5V-52-6
193 -39-s
53-70-3
r9]--24 -2
90-L2-O

<zv
<20
<20
<zu
<20
<20
<20

Benzo (b) fluoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (1, ,2 , 3 - cd) pyrene
Dibenz (a, h) anthracene
Benzo (S, h, 1) perylene
1 -MethylnaphLhalene

Reported in pg/kg (ppb)

Semivolatile SurrogaEe Recovery

20
20
20

20
20
20

U
U
U
U
U
U
U

d5 -Nitrobenzene
d14 -p -Terphenyl
d5 - PhenoI
2,4,6 -Tribromophenol

53.2%
71_.62
48. B?
79.7%

Ea a 9

f J. _L6

5b. uz

2 -FluorobiphenyL
d4 - 1, 2 -Dichl-orobenzene
? -E'l rrnrnnhcnol

d4 - 2 -Chl-orophenol

FORM f
r-T"= i_.+-s. " ffi*ffij_,:44
E, tsh . nFE , **E#FAfre ","'*



ORGANICS AI.IALYSIS DATA
PSDDA Sernivolatiles by
Pacre r ol 2

Lab Sample ID: OL50E
LIMS ID:09-3735
Matrix: Sediment
Data Release Authorized
Reported. 02/1-7/09

SHEET
sw8270 GCIMS

'V:F
Date Extracted: 02/IO/09
Date Analyzed: 02/16/09 2L:59
Instrument/Anafyst : NT5/LJR
GPU U-LCANUD: YCS

CAS Nunlcer Analytse

ArssfJs*@
INCORPORATED

Sample ID: ID-000-MIX
SAMPLE

QC Report No: OL50-Science Applications, Intf.
Project: IRONDALE SEDIMENT QUALITY INVST

NA
Date Sampled: 0L/29/09

iJaEe ReceIVeo: u r/ 3u / uY

Sample Amount: 25.6 g-drY-wt
Fina] Extract Vofume: 0.5 mL

Dif ut.ion Factor: 1.00
Percent Moisture : 25.42

RIJ ResuIts

1,OB - 95 -2
541,-7 3 -L
to6 -46 -7
100-51-6
95-50-1
95 -48-7
1,O6-44-5
1,05-6'7 -9
55-85-0
r20 - 82 -L
91,-20-3
87-68-3
9t-57 -6
131-11-3
208-96-B
83 -32-9
r32-64-9
84-66-2
86-73-7
B6-30-5
]-1_8 -7 4 -r
87 -85-5
85-01-8
1,20 - 12 -'7
84 -'7 4 -2
206-44-O
129-00-0
85-68-7
56-5s-3
1,L7 -81,-7
218 - 01- 9

IL1 -84-0

Phenol
1, 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Alcohof
1, 2 -Dichl-orobenzene
2 -Methylphenol
4 -Methylphenol
2. 4-Di mef hrrl nhenof
Benzoic Acid
1,, 2, 4-Trichlorobenzene
Naphthalene
HexachLorobutadlene
2 -Methylnapht.halene
Dimethylphthalate
Acenaphtshylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N -Ni t rosodiphenyl amine
Hexachl-orobenzene
Pentachl-orophenol
Phenanthrene
Anthracene
Di -n-Butylphthalate
Ffuoranthene
Pyrene
ButylbenzyJ-pht.ha late
Benzo (a) anthracene
bis (2 -Ethylhexyl ) phthalate
Chrysene
D j- -n-Octyl phthalate

20
20
20
20
20
20
20
20

200
20
20
20
20
20
20
20
20
20
20

20
98
20

20
20
20
20
20
20
20
20

<20
<20
<20
<zu
<20
<20
<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

<20
<20
<20
<zu

29
<20
<20
<20

2t
<zu

TT

U
U
T]

U
U
U
U
U
U
U
U
I]
U
U
U
U
U
U
U
U
U
U
U
U
U

U
U
U

U

FORM I flrg ffi,:4i& ffF"dgffi,,E;:
-. Fh=; , F*#-FF* # +*



ORGANICS AI.IALYSIS DATA SHEET
PSDDA Sernivolatiles by SW8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50E
LIMS ID: 09-3735
Matrix: SedimenL
Date Analyzedz 02/1-6/09 21-:59

CAS Number Analyte

QC Report No:
Dr^ia^f.

Als:fi:rb@
INCORPORATED

Samp1e ID: fD-000-MfX
SAMPIJE

OL50 -Sc j-ence Applications, Intl .

IRONDALE SEDIMENT QUALITY INVST
NA

RL ResulE

205 -99 -2
207 -O8-9
50 -32-8
193-39-5
53-70-3
r9r-24 -2
90-1,2-O

<20
<20
<20
<20
<20
<20
<20

Benzo (b) ffuoranthene
Benzo (k) ffuoranthene
Benzo (a) pyrene
Indeno (1,,2,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (S, h,i)perylene
1 -Methylnapht.hal ene

Reported in pg/kg (ppb)

Semivolat,iIe Surrogate Recovery

20
20
20
20
20
20
)n

U
IT

U
U
U
TT

U

d5 -Nitrobenzene
d14 -p -Terphenyl
d5 - Phenol
2,4,6 -Tribromophenol

52.+6
67 .62
48.8?
71- .7 z

58.03
54 .02
51.5*
54.'72

2 -Fluorobiphenyl
d4 -1, ,2 -Dichf orobenzene
?-Flrrnrnnl-rana-l

d4 -2 -Chlorophenol

FORM T
,-.a: -*d%, ,. ft&.ffi.e:-
Bh6^4W6"W6W4#EF-l



Als:il:ti@
INCORPORATED

SW827O SEMIVOLATILES

Matrix: Sediment

SOIL,/SEDIME}flT SIIRROGATE RECOVERY SI'MI,IARY

QC Report No: OL50-science Applications, Intl-
Proiect: IRONDALE SEDIMENT QUALITY INVST

PHL 2F.P TBP 2CP TOT OUTClient ID NBZ FBP TPH

rD-108-12-18-SD
rD-101-B-14-SD
rD-ro2-9-15-SD
MB-021009
LCS-021009
rD-100-15-21-SD
ID-100-15-21-SD
rD-100-15-21-SD
rD-OOO_MIX

58 - 42 6r .62
52.4% 54.02
55.82 53.22
63 -2+ 62.82
64.02 65.62
q2 )2 CC 6*
50.48 s2 .0%
54 -BZ 58.0?
52.4% 58.03

75.6* 58.08
5'7 .62 52 . BZ
70. Bt 59.22
82 .42 66 .82
80.48 67.22
'7 1-.62 52.82
69 - 62 52 .82
77.6% 56.88
6'7.6% 54.0%

LCS/MB L]MTTS
37-Bs)
39 - 82)
2a-rnc)
33 -1 9)

56.0? 58.9? 82.LZ
49-r* 52.8% 74.42
54 .72 55 . 5? 69 .6%
52.'72 60.83 72.02
64 .32 53 .5e" 87 .22
48. B* s3,1? 79.72
55.22 52 -82 '74.72
50.3? 58.4% 87.22
48.8?t 51.5? 7L.7%

QC TIMITS
(29-87)
(32-88)
(2). - 9'7 )

(2s - 82)
(29-Bs)
(10-114)
(2s-103)
(30-84)

52.r2 0
54.72 0
s9.72 0
65.92 0
65.Lz 0
56.0? 0

55.72 0

60.58 0

54.72 0

MS
MSD

(NBZ)

(TPH)
(DCB)
( PHL)
(2FP)
(TBP)
(2CP)

(40-8s)
\2O-93)
(40-96)
(41-81)

d5 -Nitrobenzene
2 - Ffuorobiphenyl
d14 -p-Terphenyl
d4 - I, 2 -D j-chlorobenzene
d5 -Phenol-
2 -Fluorophenol
2,4,6-Tribromophenol
d4-2-Chlorophenol

Prep Method: SW3550B
Log Number Range: 09-3731 Eo 09-3'735

Page 1 for OL50
FORM-rr SW8270

ftE ET-*i trEffiJ?-5s_t--tE-"*3e..8 EJffi"t+e}*UF



ORGANICS AIIAIJYSIS DATA SHEET
PSDDA Semivolatiles by Sw8270 GClMs
Page I of 2

Lab Sample ID: OL50D
LfMS fD: 09-3734
MaErix: Sediment --<
Data Release Authorized, V'12Reported: 02/1"7 /09

Date Extracted Ms/MSDt 02/1o/09

Date Analyzed MS: 02/L5/09 20:53
MSD: 02/16/09 21:26

Instrument/Anafyst MS : NT6/LJR
MSD: NT5/LJR

GPC CleanuP: YES

Analyte SampIe MS

Alsbil:tb@
INCORPORATED

SamPle ID: ID-100-l-5-21-SD
MS,/MSD

QC Report No: OL50-Science Applications, Int]'
PTOJECT: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: 0L/08/09
Date Received : 01/ 1'0 / o9

SamPIe Amount MS: 25-4 g-dtY-wt
MSD: 25.4 g-drY-wt

Final ExLract Vo1ume MS: 0.5 mL
MSD: 0.5 mL

oilution Factor MS: 1.00
MSD: 1 .00

Percent Moisture: 18 - 5 %

Spike MS

Added-MS RecoverY
Spike MSD

MSD Added-MSD Recovery RPD

Phenol
1, 3 -Dichlorobenzene
1 , 4 -Dichlorobenzene
Benzyl Alcohol
1, 2 -Dichlorobenzene
2 -Methylpheno]
4 -Methylphenol
2,4 -DimethylPhenol
Benzoic Acid
1 ,2 , q-trichlorobenzene
Naphfhalene
Hexachl orobutadiene
2 -Methyl-naphthaf ene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
DiethylphthalaLe
Fluorene
N-Ni t rosodiphenylamrne
Hexach I o robe nz ene
PentachloroPhenol
Phenanthrene
Anthracene
Di - n-Butylphthalate
Fluoranthene
Pyrene
ButylbenzylPhEhalat e
Benzo (a) anthracene
bis ( 2 -Ethylhexyl ) phthalate
Chrysene
Di-n-Octy1 Phthalate
Berlzo (b) fluoranthene
Benzo (k) fluoranEhene
Benzo (a) pyrene
Indeno (I,2,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (g, h, i ) perylene

< rv . b
< rv. b

< rv . o

< lv . b

< av. o

< rv. o

< rv. o

< rvb
< rv. o

< l-9 .6
< 19.6
< 1v - o

< L9.6
< L9.6

< tv. b

< 19 - 5
< l.9.6
< 19.6
< 9'7 .8
< rv. o

< 19.5
< av. o

1a e

rd . b
< 19.5
< rv. b
< L>.O

'l't 1

< !9.6
< 79.5
< av. b

< 1_9.6
< rv - o

< 19.6

263
250
za)

56.3
25L
253
515
7'7 4

1090
272
272
284
303
280
265
2'7L
293
313
320
289
308
359
319
zo0
JZ>
353
350
34'7
J IO

JOJ

310
318
3'79
4rt
2'72
257
24r
2LO

492
492
492
984
492
492
984
492

r480
492
492
492
492
A Oa

492
+>z
492
492
A Aa

492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
A Oa

53 .5t
50.8*
5a .42
6.'72

51.0?
5t .42
52 -3%
35 .4%
73 .6"6
55.3?
55.3?
57 .7%
5L .6%
55.9%
53.99
55.1?
59 .62
63 -5%
65.0t
58 .'lz
62 .5%
73.08
64 .82
58.1?
66 -92
68 .08
67.42
70.58
64 -2*
77 -82
60.84
64 .6*
77.O*
83.58
55. J6
5Z . Z6
49 .}eb
42 .'7%

286
2t3
273

44.O
272
26r
550
I91

119 0
302
303
326
340
3 r-5
295
304
33r
359
363
32L
350
426
351
) zo
J /O

39'1
390
391
353
428
347
35'7
41-2
502
305
281
273
240

493
493
493
945
493
493
986
493

1480
493
493
493
493
493
493
493
493
493
493
493
493
493
493
493
493
/ o?

493
493
493
493
493
493
493
493
493
493
493
493

s8.0* 8.4%
55.4% 8.8?
55.48 7.62
4.52 40.4?

55.22 8.0E
52.9"6 3.18
55.8% 8 -42
40.0? '1,2.42

80.43 8.88
6r.3% 10.5E
61.53 10.88
66 .L% l-3.I?
69.O2 11.58
63 .9% 11.8?
59.8? ]-0.'12
6r.72 11. 53
6't . Lz 1,2 .2sh
72.8% l-3.7%
'13 .62 12 .5%
65. r-? 10.5t
71.0t ]-2.82
86 .4% L7 -1,2
13 .2* 12.42
66 .12 13.1?
16.3% 1-3.38
7 6 .8* 1,L .'72
?5 .3* 10.88
79 .3* 11. 9&
73.52 r-3.8E
85.88 11.l-*
68.r-t L1 .33
'12.4% 11 .58
83 .6% 8 .39
LO2* t9 -92

62.L2 11.8&
58.22 11.0E
55 .4t 12.5%
48.'7% l-3.3?

FORM III
gaE €-fla E+ffiffifa-=E-tE*z-F€-5 ' 6-nE-bEiFA- {



ANALYTICALT'Dj,^
RESOURCES\7

ORGANICS ANAI.YSIS DATA SHEET INCoRPoRATED
PSDDA Semivolatiles by Sw827O GClMs Sample ID: ID-100-15-2L-SD
Page 2of2 MS/MSD

Lab Sample ID: OL50D QC Report No: Ol5O-Science Applications, Intl-.
LIMS ID: 09-3734 Project: fRONDALE SEDIMENT QUALITY fNVST
Matrix: Sediment
Dat.e Analyzed MS | 02 / 16 / 09 20 :53

MSD: 02/1"6/09 21":26

Spike MS Spike MSD

Analyte Sanple MS Added-MS Recovery MSD Added-MSD Recovery RPD

1-MeLhylnaphthalene < 19.6 31O 492 63.0% 353 493 7L.62 13.0E

Results reported tn pg/kg
RPD calcul-ated using sample concentrations per SW845.

FORM IfI
F&? ]Fftu , ffituffiffi!ffi



ORGANICS AI{AI,YSTS DATA SHEET
PSDDA Semivolatiles by SW8270 GCIMS
Page 1- of 2

Lab Sample ID: OL50D
LIMS ID: Q9-3734
Matrix: Sediment --Data Release Author:-zed'\f'l >
Reported 02/1,7/09 v '

Date Extracted: 02/70/09
Date Analyzed; 02/16/09 20:53
Instrument/Analyst : NT5/LJR
GPC Cl-eanup: Yes

CAS Number Analyte

AIs:f;JS*@
INCORPORATED

SampIe ID: ID-l-00-15-21-SD
MATRIX SPIKE

QC Report No: OL50-Science AppJ-ications, Intf
Project: IRONDALE SEDfMENT QUALfTY INVST

NA
Date Sampled: 01-/oB/o9

Date Received: 0I/ 1-o / 09

Sample Amount:. 25.4 g-dry-wt
Final Extract Vofume: 0.5 mL

Difution FacLor: 1.00
Percent Moisture: 18.5?

RL Result

108 - 95 -2
547-7 3 -L
1,O6-46-7
100-s1-5
95-50-1
95 -48 -'l
1,O6-44-5
f uf -o / -v
55-85-0
L20 - 82 -1,
9r-20 -3
B'7 -58-3
91,-57 -6
131- 11 - 3
208 - 96 -8
83-32-9
L5Z-O+'>

B4 -66 -2
85-73-7
86-30-5
L]-8 -'7 4 -r
B7-86-5
B5-01-8
1,20-12-7
84-7 4 -2
206-44-O
1 29-00-0
85-58-7
56-55-3
\17 -81-'7
21,8 -OL-9
117 -44-O

Phenol-
1, 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Afcohol
1, 2 -Di-chl-orobenzene
2 -Methyl-phenol-
4 -MeLhylphenof
2 , 4 -Dimethylphenol
Benzoic Acid
L, 2, 4-Tri-chlorobenzene
Naphthalene
Hexachlorobutadi-ene
2 -Methylnaphthalene
DimethyJ-phthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthafate
Fl-uorene
N - Ni- t ro s od j-phenyl amine
Hexachlorobenzene
Pentachlorophenol
Phenanthrene
Anthracene
Di- -n-Butylphthalate
FluoranEhene
Pyrene
ButylbenzylphLhalate
Benzo (a) anthracene
bi s ( z - Ethylhexyl ) phthalate
f-hrrrcana

Di -n-Octyl pht.halate

20

20
20
20
20

200
20
2Q
20
20

20
20
20
20
20
20
20
98
20
20
20
20
20
20
20
20
20
zu

FORM I
.fiail FF$. ,. ,r-affiraFl:-
6 g; -, jM* 
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ORGANICS A.I{AI,YSIS DATA SHEET
PSDDA SemivolaEiles by 5w8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50D
LfMS ID:. O9-3734
Matrix: Sediment
Date Analyzed: 02/L6/09 20:.53

CAS Nunlcer Analyte

r\rr D6n^rf \T^.Yv r\syvr
Drni cnl- .

Arsbfi8*@
INCORPORATED

Sample ID: ID-100-15-21-SD
MATRIX SPIKE

OL50-Scj-ence Applications, Intl-
TRONDA],E SEDIMENT QUALTTY INVST
NA

Rt Result

205 - 99 -2
207 -OB-9
s0-32-B
193 -39-5
53-70-3
79A-24 -2
90 -1,2 - 0

Benzo (b) fluoranthene
Benzo (k) ffuoranthene
Benzo (a) pyrene
TnAann i/ 1 , -r - nA )\LtLtJ -*/pyrene
Dibenz (a, h) anthracene
Benzo(g,h,i)perylene
1 -Methylnaphthalene

Reported in pg/kg (ppb)

Semiwolatile Surrogatse Recowery

20
20
20
an

20
20
20

d5 -Nitrobenzene
d14-p-Terphenyl
d5 - Phenol
2,4,6 -Tribromophenol

50 .42
69 .62
55.22
74.'72

52 .02
52 .82
52.d6
55. /6

2 -Fl-uorobiphenyl
d4 - a, 2 -Dlchlorobenzene
? -Fi rrnrnnhana_l

d4-2-Chforophenol

FORM I *L-.5#: ffiffiffi#ffi



AISbfJ:*@
INCORPORATED

Sample fD: ID-L00-15-21-SD
MATRIX SPIKE DUPI,ICATE

ORGANICS A.I{AI,YSIS DATA SHEET
PSDDA Semivo1atsiLes by Sw8270 GCIMS
Page I of 2

Lab Sample ID: OL50D
LIMS ID': 09-3734
Mabrix: Sediment
Data Re1ease AuLhorized, VDReported: 02/L7 /09

Date Extracted : 02 / r0 / 09
Date Analyzed|- 02/1,6/09 2t:26
Instrument/Anal-yst : NT6/LJR
GPC Cleanup: Yes

CAS Number Analytse

QC Report No: OL50-Science AppJ-i-cations, Intf
Project: IRONDALE SEDIMENT QUALITY rNVST

NA
Date Sampled: 01'/08/09

Date Received: o1/I0/09

Sample Amount: 25.4 g-dry-wt
Final Extract Volume: 0.5 mL

Dif uti-on Factor: 1.00
Percent Moisture: 18.5%

RL RCSU1E

]-08 -95 -2
544-7 3 -a
ro5 -46 -'7
100-51-6
95-50-1
95-48-7
106 - 44 -5
tos-67-9
55-85-0
a20-82-a
9r-20 -3
87 -68-3
97--57 -5
131 - 11- 3

208-96 -B
83-32-9
r32-64-9
84-66-2
85 -7 3 -'7
85-30-5
r1,B-'74-r
87 - 86-5
85-01-B
t20 -7-2 -7
84-74-2
206-44-O
129-00-0
85-58-7
56-55-3
LL7 -8L-7
zLd-ur->
1_17-84-0

Phenof
1, 3 -Dichlorobenzene
1, 4 -Dichlorobenzene
Benzyl Alcohol
1, 2 -Dichl-orobenzene
1 - Ma |- hrrl nhannl

4 -Methylphenol-
2 , 4 -DimeLhylphenol
Benzoic Acid
i . 

^ 
nv: ^I-l^'^l-r | 2,, 4 - r r l crr-L(JruDenzene

Naphthalene
Hexachl-orobutadiene
2 -Methylnaphthalene
Dimethylphthal-ate
Acenaphthyl-ene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fl-uorene
N-Ni t rosodiphenylamine
Hexachforobenzene
Pentachl-orophenol
Phenanthrene
Anthracene
Di -n-Butylphthafate
FluoranEhene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis ( 2 - Ethylhexyl ) Phthalate
Chrysene
Di-n-Octyl phthal-ate

20
20
20

20
20
20

200
20
20
20
20
20
zv
20
20
20
20
20
20
99
20
20
20
20
20
20
20
20
20
20

FORM I ftE ffiffi : E#ffiffi# s-



Aisbfi:t\@
INCORPORATED

Sample ID: fD-100-15-21--SD
IYI,ATRIX SPIKE DIIPLICATE

ORGANTCS ANAI,YSTS DATA SHEET
PSDDA Semivolatiles by Sw8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50D
LIMS ID: 09-3734
Matrix: Sediment
Date Anal-fzedz 02/16/o9 2I:26

CAS Number AnalyLe

QC Report No: OL50-Science Applications, Intl
Project: TRONDALE SEDTMENT QUAIITY rNVST

NA

RL Result

205 -99 -2
207 -08-9
50 -32-8
193-39-5
s3-70-3
19'1,-24-2
90-12-o

Benzo (b) fluoranthene
Benzo (k) ffuoranthene
Benzo (a) pyrene
Indeno (L,2 ,3 -cd) pyrene
Dibenz (a, h) ant.hracene
Benzo (S, h, i ) perylene
1 -Methylnaphthalene

Reported in pg/kg (ppb)

Semivolatile SurrogaEe RecoverY

1i

20
20
20
20
20
zv

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 - Phenol-
2,4,6 -Tribromophenol

54-BZ
71 .62
60.3?
87.22

2 -Fl-uorobiphenyl 58.0%
d4-1,2 -Dichlorobenzene 56. B%

?-E'lrrnronhenol 58-4ta L LsvLvv

d4-2-Ch1;rophenol- 50.58

FORM I
fri F-ffi. , n--*s-dffi,ffi..-:



ORGANICS ANAI.YSIS DATA SHEET
PSDDA Semivolatiles by SW827O GclMS
Page I of 2

Lab SampJ-e ID: LCS-021009
LIMS ID.. O9.3734
Matrix: Sediment
Data Releas" Ruthorized' \If,l
RFnorfed, O2/1'1 /O9 V'-

Date Extracted: 02/a0/09
Date Anaflzed: 02/16/O9 ].3:42
Instrument/Analyst : NT5/LJR
GPC Cleanup: YES

Analyte

firs:fi8tr@
INCORPORATED

SamPle ID: LCS-021009
I,AB CONTROL

QC Report No: OL50-Science Applications, IntL.
PTOJCCI: TRONDALE SEDIMENT QUAJ,ITY INVST

Date Sampled: 01/08/09
Date Receiwed: 0I/Io/09

SamPle Amount: 25.O g
Flnal Extract Vofume: 0.5 mL

Dilution Factor: 1.00
Percent Moisture: NA

Lab SPike
Control Added Recovery

Phenol
1, 3 -Dichlorobenzene
1, 4 -Dichforobenzene
Benzyl- Alcohol
1, 2 -Dichlorobenzene
2 -Methylphenol
4 -MethyJ-phenol
2, 4 -Dimet.hyJ-phenol
Benzoic Acid
1, 2, 4-Trichlorobenzene
trT:nhth: I anc

Hexachlorobutadiene
2 -MethylnaphChalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Di-benzof uran
DiethylphEhal-ate
Fluorene
N-Ni trosodiphenyJ" amine
Hexachlorobenzene
Pentachlorophenol
PhenanEhrene
Anthracene
Di -n-Butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis ( 2 -Ethylhexyl ) Phthalate

?21
3]-4
313
515
3].4
305
651
244

L2'7 0
333
338
3 53
337
346
326
322
346
383
379
355
382
463
387
358
433
447
393
41,3
394
450

500
500
500

1000
500
500

1000
500

1500
500
500
500
500
500
500
500
s00
500
500
500
s00
500
500
500
500
500
500
500
500
500

64 .62
6Z -tJ6
62 .62
51.5?
62.d6
61.08
b5 - L6
4B .82
84.7%
66 .62
6'7 .6%
70.62
67.42
69.22
65.22
64 .42
69 .2%
76-6%
t5.66
't I .22
76.4+
92 .5%
77.42
73.62
86 .62
89 .42
78.62
82 .62
?8.8?
90.0ts

FORM III



ORGA}IICS A}IAI,YSIS DATA SHEET
PSDDA Semivolatiles by 5w8270 GCIMS
Page 2 of 2

Lab Sample ID: LCS-021009
LIMS ID: O9-3734
Matrix: Sediment
Date Arralyzedz 02 / 1,5 / 09 7.3 :42

Analyte

Report No:
Drai anl- .

Lab
Control

Alsbf,:tb@
INCORPORATED

Sample fD: LCS-021009
LAB COI\flfROL

OL50-Science Applicatj-ons, Intf .

IRONDALE SEDIMENT QUALITY INVST

Spike
Added Recovery

Chrysene
Di-n-octyl phthal-ate
Benzo (b) fluoranthene
Benzo (k) fluoranLhene
Benzo (a) pyrene
Indeno (1,, 2, 3-cd) pyrene
Dibenz (a, h) anthracene
Benzo (g,h,i) perylene
1 -Methylnaphthalene

Results reported in pg/kg

Semivolatile Surrogfate Recovery

d5-Nitrobenzene 64 -O%

2 -Fluorobiphenyl 65 - 62
d14-p-Terphenyl 80.4?
d4-L ,2 -Di-chlorobenzene 67 .22
d5 -Phenol 54.3%
2-Fluorophenol- 53.5?
2,4,6-Tribromophenol 8'7.22
d4-2-Chlorophenol 65.1?

357
39r
455
450
346
4'7 3
439
451,
363

500
500
500
500
500
500
500
500
s00

71- . 4z
78.22
91.0?
90.0?
eo )*
94 .62
87.8+
90.22
72 .62

FORM III
E aE r, fifr6 " #-##F#s-"tF*



Lab Name: ANALYTICAL RESOURCES, INC

ARf Job No: OL50

Lab File ID: OL5OMB

Instrument ID: NT5

Matrix: SOLID

4B
SEMIVOI,ATILE METHOD BI,ANK

BLANK NO.
SUMMARY

Client: SAIC

OL5OMBSl

Project: IRONDALE SEDIMENT QU

Date Extracted: 02/70/09

Date Analyzed: 02/16/09

Time Analyzed: 1309

THIS METHOD BI,ANK APPLIES TO THE FOLLOWING SAMPLES, MS ANd MSD:

SAMPLE NO.
======== = =======
OL5OLCSSl
rD-108-12-18-SD
rD-101-8-14-SD
rD-102-9-15-SD
rD- 100 -15-21 -SD
rD-100-15-21-SD
rD-100 -75-21-SD
ID- OOO -MIX

I,AB
FILE ID ANALYZED

01
o2
03
o4
05
06
o7
08
09
10
11
T2
13
L4
15
L6
L7
18
19
20
21,
22
23
24
25
26
2'7
28
29
30

SAMPLE TD

OLSOLCSSl
OL5OA
OLSOB
OL5OC
OL5OD
OL5ODMS
OLD5ODMSD
OL5OE

OL5OSB
OL5OA
OL5OB
OL5OC
OL5OD
OL5ODMS
OL5ODMSD
OL5OE

02/1,6/oe
o2/1,6/oe
02/16/oe
02/L6/oe
02/16/oe
02/16/oe
02/L6/09
02/L6/oe

COMMENTS:

page 1 of 1
FORM IV SV



ORGAI{TCS ANALYSIS DATA SHEET
PSDDA Semivolatiles by SW8270 GCIMS
Page I of 2

Lab Sample fD: MB-021009
LIMS ID: 09-3734
Matrix: Sediment ,--(
Data Release Authorized'V l>
Reportedl. 02/1,7/o9

Date Extracted:. 02/ao/09
Date Ana]lzed: 02/L6/09 13:09
fnstrumenE/Analyst : NT6/LJR
GPC Cl,eanup: Yes

CAS Number Analyte

AIs:fJ:ri@
INCORPORATED

Sample ID: MB-021009
METHOD BLANK

QC Report No: OL50-Science Applications, Intf.
Project: IRONDALE SEDIMENT QUALITY INVST

NA
DaLe Sampfed: NA

Date Received: NA

Sample Amount: 25.0 g
Final Extract Vofume: 0.5 mL

Dilution FacLor: 1. 00
Percent Moisture: NA

RL Resul t

r08 - 95 -2
54r-7 3 -r
ro6-46-7
100-51-6
95-50-1
95 -48 -7
ro6 -44-5
ro5-67-9
65-85-0
r20-82-r
9].-20 -3
87 -68-3
9L-5 / -b
131- 11- 3
208 -96-8
6J-52->
732-54-9
84 -66 -2
86-73-1
aJb-5u-o
Lrg-74-r
87-85-5
85 -01 -8
r20 -1_2 -7
84-74-2
205 - 44- 0
129-00-0
85 -68 -7
55 -5s -3
LI1 -81-7
21,8-O1,-9
11_7-84-0

Phenol
1, 3 -Dichlorobenzene
1 , 4 -Dichforobenzene
Benzyl AIcohol
1 2-Dich1ornLrenzgng
t -MaFhrrl ^h--n 

l

r'. -Mcf hrrl nhannl
2 , 4 -Dimethylphenol
Benzoic Acid
1 2 4-Trichlnrnkrenzene
\Trnh'|- h: I ana

Hexachl-orobutadiene
2 -Methylnaphthalene
Dimethylphthalate
Acenaphthylene
Acenaphthene
Dibenzofuran
Diethylphthalate
Fluorene
N -Ni tros odiphenyl amine
Hexachforobenzene
Pentachlorophenol-
Phenanthrene
Anthracene
Di -n- Butylphthalate
Fluoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis (2 -Ethylhexyl) phthalate
Chrysene
Di-n-Octy1 phthalaLe

U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U
U

]T

u
u
TT

U
U
U
TT

U

20
20
20
20
20
20
ZU

200
20

20
20
20
20
20
20
20
20
20
20

100
20
20
20
20
20
20
20
20
20
20

<20
<20
<20
<20
<20
- )i

<20
<20

< 200
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20
<20

< 100
<20
<20
<20
<20
<20
<20
<20
<zu
<zu
<20

FORM I {iLffiffi: ffi#m#ffi



ORGANICS ANAIYSIS DATA SHEET
PSDDA Semiwolatiles by Sw8270 GC/MS
Page 2 of 2

Lab Sample ID: MB-021009
LIMS ID: 09-3734
Matrix: Sediment
Date Analyzed: 02/)-6/09 13:09

CAS Nuuiber Analytse

na D6h^ri \T^ .ve r\vyvr
Drni cai- .

ATsbH#:@
INCORPORATED

Samp1e ID: MB-021009
METHOD BT,ANK

OL50-Science Applications, Intf .

IRONDAI,E SEDIMENT QUALITY INVST
NA

RL ResulE

205 -99 -2
207 -O8-9
50-32-8
193-39-5
53 -70-3
r>L-z+-z
90 -12 -O

Benzo (b) f l-uoranthene
Benzo (k) fluoranthene
Benzo (a) pyrene
Indeno (1,2 ,3 -cd) pyrene
Dibenz (a, h) anthracene
Benzo (9, h, i) perylene
1 -Methylnaphthalene

Reported in pg/kg (ppb)

Semivolatile Surrogate Recovery

20
20
20
20
20
20
zv

<20u
<20u
<20u
<20u
<20u
<20u
<20u

d5 -Nitrobenzene
d14 -p-Terphenyl
d5 - Phenof
2 ,4 ,6 -Tribromophenol

63.22
82 .42
62 -72
't2 . oZ

62 .82
66 .82
50.8?
65 .92

2 - Fluorobiphenyl
d4 - 1, 2 -Dichf orobenzene
2 -Fluorophenol-
d4 -2 -Chl-orophenol

FORM I
ffi,r. i1-'tu ffi.ro#F_.-



SIM SEMIVOLATILES

ffiLffiffi; ffiffiffiffi,ffi



ORGANICS ANAI.YSIS DATA SHEET
Semivolatiles by Selected Ion
Page 1 of 1

Lab Sample ID: OL50A
LI[4S ]D:09-3731
Matrix: Sediment
Data Release Authorized:
Reported; 02/1,8/o9

Date Extracted: 02/I0/09
Date Analyzedz 02 / )-6 / 09 14 : 05
InsCrument/Analyst : NT2/PK
GPC Cleanup: Yes
Silica Gel- Cleanup: No
Af umj.na Cleanup: No

CAS Nurnber AnaIyEe

Monitoring cclMs

AIsbfJ:rb@
INCORPORATED

Sample ID: ID-1-08-12-L8-SD
SAMPLE

QC Report No: OL50-Science Applications, Intf
Project: IRONDALE SEDIMENT QUALITY INVST

Event: NA
Date Sampled: 0L/08/09

Date Received: 01,/]-0/o9

Sample Amount: 16
Flnal Extract Volume: 1.

Dilution Factor: 1.
Percent MoisEure: 15

.1 g-dry-wt
0mL
00
.6%

RL ResuIt

53-70-3
ro6-46-7
r20-82-r
rr8-74-r
B'7 -68-3
85-68-7
95 -48 -7
1-O5-67 -9
86 -30 -5
l-uu-)r-o
87 -86 -5
95-50-1

Dibenz (a, h) anthracene
1, 4 -Dichforobenzene
I, 2, 4-Trichl-orobenzene
Hexachforobenzene
Hexachforobutadiene
Bu tylbenzy J-pht ha J- at e
2 -Methylphenof
2 , 4 -Dimethylphenol
N -Ni t rosodiphenyl amine
Benzyl Alcohol-
Pentachlorophenol
1, 2 -Dichl-orobenzene

6.2
6 _2
6.2
6.2
6.2

16

6.2
6.2

31
31

6.2

< 6.2
< 6.2
< 6.2
< 6.2
< 6.2
< 1_6

< 6-2
< 6.2
< 6.2
< 31
< 31

< 6.2

U
U
U
U
U
U
U
U
U
U
U
U

Reported in pg/kg (ppb)

SIM Semivolatile Surrogate Recovery

2 -Fluorobiphenyl
2 -Fluorophenol
d4 - 1, 2 - Dichlorobenzene
2,4,6 -Tribromophenol

82 .42
78.9%
74.0*

1003

'77 .62
76.52
9'7.22
90. B8

d5 -Phenol
d4 - 2 -ChlorophenoI
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM I
ftl f"ffi . rBffi.ffin:-rF
i Efr .$W* " ffiBffiE#E-3,--5



Monit,oring cclMs

Alsbil:t'"@
INCORPORATED

-sD
ORGANICS ANAI,YSIS DATA SHEET
Semiwolatsiles by SelecEed lon
Page 1 of 1

Lab Samp1e TD: OL50B
LIMS ID: O9-3'732
Matrix: Sediment /2
Da ta Rel-ease Author izedT//)
Reported: 02/a8/O9

Date Extracted : 02 / 1,O / 09
Date Anal-yzed: 02/1,6/ 09 15:37
Instrument/AnaIyst : NT2/PK
GPC Cleanup: Yes
Silica Gel Cleanup: No
Alumina Cleanup: No

CAS Number AnaIyEe

Sample ID: ID-101-8-14
SA.ITIPLE

QC Report No: OL50-sclence Applications, IntI
Project: IRONDALE SEDIMENT QUALITY rNVST

Event: NA
Date SampJ-ed: OI/ 0B / 09

Date Receiwed: o1/ao/09

Sample Amount: 'J.6.2 g-drY-wt
Final- Extract Volume: 1.0 mL

Dilutlon Factor: 1-00
Percent Moisture : 23.8*

Result

53-70-3
L06 - 46 -7
L20 -82 -r
1,1,8-74-L
87 -68-3
85-68-7
95-48-7
L05 -67 -9
86-30-5
100-51-6
87-86-5
95-50-1

Dj-benz (a, h) ant.hracene
1 , 4 -Dichlorobenzene
L, 2, 4 -Trichlorobenzene
Hexachlorobenzene
Hexachlorobutadiene
Butylbenzyl-phthaf a t e
2 -Methylphenol-
2 , 4 -Dimethylphenol
N -Ni t rosodiphenyl amine
Benzyl Afcohol
Pentachlorophenol
1, 2 -Drchforobenzene

6-2
o.z
6.2
6.2
5.2

15
5.2
6.2
6.2

31
31

6.2

< 6.2
< 6-2
< 6.2
< 6.2
< 6-2
<15

< 6.2
< 6.2
< 6.2
< 31
< 31

< 6.2

U
U
U
U
U
U
U
U
U
U
U
U

Dannrt-aA i n ,'a /Vn lnnh)I.At 'tJ \yE " t

SIM Semivolatile SurrogaEe Recovery

2 - Fluorobiphenyl
2 -FluorophenoI
d4 - 1, 2 -Dichlorobenzene
2 ,4 ,5 -Tribromophenol

81.6?
'72 . O%

54 .82
108?

10 .92
65.'72
69 .62
'78.82

d5 -Phenol
d4 -2 -chlorophenol
d5 -NiLrobenzene
d1-4 -p-Terphenyl

FORM I



AlsbfJ#b@
INCORPORATED

t_5 - sD
ORGANICS ANALYSIS DATA SHEET
SemiwolaEiles by Selected Ion Monitoring
Pacre I of I

Lab Sample ID: OL50C
LIMS ID: 09-3733
Matrix: Sediment.
Data Rel-ease Authorized:
Reported: 02/A8/O9

Date Extracted: 02/Io/09
Date Anafyzed: 02/16/ 09 16:08
InsL.rument/Anafyst : NT2/PK
GPC Cleanup: Yes
Silica GeI Cleanup: No
Afumina Cfeanup: No

CAS Number Analyte

cclMs Sample ID: ID-LO2-9-
SAII{PLE

QC Report No: OL50-Science Applicatj-ons, Intl
Project: IRONDALE SEDTMENT QUALITY INVST

Event: NA
Date Sampled: OI/OB/09

Date Received, oI/L0/09

Sample Amount: :-6.1 g dry-wt
Final Extract Vo]ume : 1- 0 mL

Dil-ution Fact.or: 1.00
Percent Moisture : 23.3%

RL Result

x

53-70-3
'1,o6 - 46 -'7
120 -82 -r
rt 8-74-A
87 -68 -3
85 - 68 -'7
95 -48 -'7
LOs-67 -9
B6-30-5
100-51-6
87 -86-5
95-50-1

Dj-benz (a, h) anthracene
1, 4 -Dichlorobenzene
L, 2, 4-Trichlorobenzene
Hexachlorobenzene
Hexachforobutadiene
Butylbenzylphthalate
2 -Methylphenol-
2 , 4-DimeEhylphenoI
N -Ni tros odiphenylamine
BenzyJ- Alcohol
Pentachlorophenol
1, 2 -Dichlorobenzene

Reported in pg/kg (ppb)

SIM Semiwolatile Surrogate Recowery

U
U
U
U
U
U
U

U
U
U
IT

'1 5.5%
'76-3%
'72 .42
8r -22

6.2
o.z
6.2
6.2
6.2
I6

6.2
6.2
6-2

31
31

6.2

< 6.2
< 6.2
< 6.2
< 6-2
< 6.2
<16

< 6.2
5.8

< 31
< 31

< 6-2

2 -Fluorobiphenyl
2 -Fluorophenof
d4 - I, 2 -Di chlorobenzene
2,4,6 -Tribromophenol

83 .6?
77.LZ
68. BT

110 g

d5 -Phenol
d4 - 2 -Chlorophenol
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM I fl?Lffiffi ; ffiffiffi*& g



ORGAI{ICS A.I{AI,YSIS DATA SHEET
Semivolatiles by Selectsed lon
Page 1- of 1

Lab Sample ID: OL50D
LIMS f D: 09 -3'734
Matrix: SedimenL Z
Data Rel-ease Authorized: ,ffi
Reported : 02 / 18 / 09 /,/' -

Date ExtracLed 02/Lo/09
Date Analyzedz 02/76/09 75:39
InstrumenL/Analyst : N't2 / PK
GPC CleanuP: Yes
Silica Gel CLeanup: No
Afumina CleanuP: No

CAS Number AnalYte

na D6n^rf NT^.
Yv r\v}Jv!

Proj ect :

Event:
Date Sampled:

Date Received:

Sample Amount:
Final Extract Volume:

Dilution Factor:
Percent Moisture:

Alsbff:rr@
INCORPORATED

Sample ID: ID-l-00-1-5-21-SD
SAMPLE

OL50-Science APP}ications, Intl
IRONDALE SEDIMENT QUATITY INVST
NA
0)./o8/o9
or/ 1,o / 09

16.5 g-dry-wb
1.0 mL
1.00
18.5?

MoniEoring cclMs

RL ResuIt

53-70-3
r06 -46 -'7
120-82-1
118-74-1
B7-68-3
B5-68-7
95 -48-'1
L05-67 -9
B6-30-6
100-51-5
B7-86-5
95-50-1

Dibenz (a, h) anthracene
1, 4 -Dichlorobenzene
1 ) L -T'ri nhl nrnlgn2gng
Hexachforobenzene
Hexachlorobutadi ene
Butylbenzylphthalate
2 -Methylphenol-
2, 4 -Dimethylphenol
N -Ni trosodiphenyl amine
Benzyl Al-cohol
Pent achlorophenol
1, 2 -Dichlorobenzene

o.a
6.1
o.a

o.a

6 .1,
30
30

6 -r

< 6.1
< 6.1
< 6.1
< 6.1
<15

< 6.1
< 6.r
< 6.r
< 30
< 30

< 6.r

U
U
U
U
U
U
U
U
U
U

U
U

Reported in p"g/kg (ppb)

SIM Semivolatile Surrogate Recovery

2 -Ffuorobiphenyl
2 -Fluorophenol-
d4 - I, 2 -Dichlorobenzene
2,4,6 -Tribromophenol

76.42
72.5%
64 .02
v2.36

6'7 .52
66 .12
83.6?
9't .62

d5 -Phenol
d4 -2 -ChLorophenol
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM I J--+; Ero ffifRe=&Ei E j?4-jtL*LFI*-" €*r€,rt*.f "-f .4-



fit3bil:rb@
INCORPORATEDORGA}.TICS ANAI,YSIS DATA SHEET

Semivolatsiles by Selectsed Ion
Page 1 of 1

Lab Sample ID: OL50E
LIMS ID: 09-3735
Matrix: Sediment
Data Rel-ease Authorized
Reported 02/LB/09

Date ExLracted: 02/Io/09
DaLe Analyzed: 02/16/ 09 17:10
Instrument/Anal-yst : NT2/PK
GPC CleanuP: Yes
Silrca GeJ- CleanuP: No
Alumina Cleanup: No

CAS Numlrer Analyte

Monitoring Gc,/Ms

.@

Sample ID: ID-000-MIX
SAMPLE

QC Report No: OL50-science Applications, Intl
Project: IRONDALE SEDIMENT QUALITY INVST

Event: NA
Date Sampled: 01-/29/09

Date Received: o1-/30/09

SamPle Amount: )-6.5 g-dry-wt
Finaf Extract Volume: 1.0 mL

Dilution Factor: 1.00
Percent Moisture : 25 -4*

Resul E

5J- /U-5
rub-41 0- /

L20 -82 -1
118-74-1
B7-68-3
B5-68-7
95-4A-7
LO5-67-9
85-30-6
100-51-6
8't -86-5
95 -50-1

Dibenz (a, h) anthracene
1, 4 -Dichl-orobenzene
L, 2, 4-Trichf orobenzene
Hexachlorobenzene
Hexachlorobutadiene
Butylbenzylphthalate
2 -Methylphenol
2 , 4 -Dimethylphenol
N-Ni t rosodiphenylamine
Benzyl Al-cohol
Pentachlorophenol
1 . 2 -Dichlorobenzene

6 .1,
6 -A
6.r
6.L
A1

15
b._L
6.1
5.1

30
30

o-l

< 6.r
< 5.1

< 6.1
< 6.4

<15
< 6.1
< 6.1

< 30

< 6.4

U
U
U
U
U
U
U
U
U
U
U
U

Reported in pg/kg (ppb)

SIM Semivolatile Surrogate Recovery

2 - FluorobiphenYl
2 -Fluorophenol-
d4 - 1, 2 -Dichlorobenzene
2, 4, 6 -Tr.ibromophenoJ-

83.22
75.22
67.22

1033

70.42
6B-3%
/5.66
84 .42

d5 - Phenof
d4 -2 -Chl-orophenol
d5 -Nitrobenzene
d14 -p-TerphenYl

FORM I tr*i! =#i 'tuffi#EIai*



Alsbfi8ri@
INCORPORATED

Matrix: Sediment

SIM SW827O SURROGATE RECOVERY SUMI{ARY

QC Report No: OL5O-Science Applications, Intl
Proiect: fRONDALE SEDIMENT QUALITY INVST

Client ID FBP PHL CPL DCB TBP TER TOT CU

MB-021009
LCS-021009
rD-108-12-18-SD
rD-108-12-18-SD
ID-108-12-18-SD
rD-101-B-14-SD
rD-102-9-15-SD
rD-100-15-21-SD
ID_OOO_MTX

81--22 85.59
73 -22 'l 4.72
82 .42 77 .62
'72.82 '75.52
'77 .22 76.32
81.6t 10-9%
83.68 '75.52
7 6 .42 6'7 .52
83 -22 70.4%

81. 9t 72 .82
'79.52 '70.92
78.9% 76.52
'7 0 .92 66 .42
12.0% 67.5%
'72 . Oz 66 .72
7'7 -Leo '76.3"6
'72.5% 66.LZ
75.2% 68.38

89.22 80.0?
84.0? '73.22
'7 4 . O% 9'7 .22
62 .02 64.8t
63 .6% 69 .22
64 .8% 69 .62
58.8? 12.42
64.0"6 83.6%
6't.22 75.62

9r .52 92 - 42
99 .72 86 .02
1003 90.8?
1-02% 8r .22

92 .32 82 .42
108? 78-B%
110? 8a -22

92 .32 9'7 . 6Z
103? B4.42

MS

MSD

0
0

0

0

0

0
0

0

0

(FBP) = 2 -Fl-uorobiphenyl
(PHL) = d5-Phenol
(FPH) = 2-Fluorophenof
(CPL) = d4-2-Chlorophenol
(DCB) = da-1,2-Dichlorobenzene
(NBZ) = d5-Nitrobenzene
(TBP) = 2,4,5-Tribromophenol
(TER) = d14-p-Terphenyl

Prep Method: SW3550B
Log Number Range: 09-3731 to 09-3735

LCSIMB LIMITS QC LIMITS

(30-160)
(30-160)
(30-160)
(30-160)
(30-160)
(30-160)
(30-160)
(30-150)

30-160)
30-160)
30-150)
30-160)
30-160)
30-150)
30-150)
30-150)

Page 1 for OL50
FORM-II SIM SW827O

#E--ffiffi : ##ffitE i+



Al3bil3rb@
GC/MS

INCORPORATED
Sarnple ID: ID-108-12-18-SD

MATRTX SPIKE

QC Report No: OL5O-science Applications, Intl
Project: IRONDALE SEDIMENT QUALITY TNVST

Event: NA
Date Sampled: 0a/08/09

Date Received: oI/1,o /o9

ORGANICS A}TAI,YSTS DATA SHEET
Semivolatiles by Selected fon Monitoring
PAqC I OI I

Lab Sample ID: OL50A
LIMS ID: 09-3731
Matrix: SedimenL ,*
Data Release Authorized :,/fr
Reported: o2/LB/09 rl

Date Extracted MS,i MSD : 02 / Io / 09

Date Anal-yzed MS: 02/L5/09 1"4:35
MSD: 02/16/09 ]-51.Q7

Instrument/Analyst MS : NT2/PK
MSD: NT2/PK

Sample Amount MS:
MSD:

Final Extract Volume MS:
MSD:

Dil-ution Factor MS:
MSD:

rb . r g-ory-wtr
15.1 g-dry-wt
1.0 mL
1.0 mL
1.00
1.00

Analyte Sample
Spike

MS Added-MS
MS

Recovery MSD

Spike
Added-MSD

MSD

Recovery RPD

Dibenz (a, h) anthracene
I , 4 -Dichlorobenzene
I ,2 ,4 -Trj.chlorobenzene
Hexachl orobenz ene
Hexachl-orobutadi- ene
Butylbenzylphthal ate
- rr^ L L-.1 -L ^- ^lz -rtlcLrryf Prrcrlul
2 , 4 -Dimethylphenol
N -N j. t rosodiphenylamine
Benzyl Al-cohol
Pentachl orophenol
1, 2 -Dichlorobenzene

< 6.2 U

< 6.2 U

< 6-2 U
< 6.2 U
< 6.2 U

< l_5.5 U
< 5.2 U
< 6.2 U
< 6.2 U

< 31.1 U
< 31-1 U
< 6-2 U

80.1
ro2
].l-7
136
72r
r40
r23

91.3
I25
21 I
222
103

Pan^rf- aA

155
155
155
155
155
155
155
155
155
311
155
155

51- .7 Z

5s.8?
| \ - 52
87 .1%
78.12
90.3?
79.4%
58.98
80.6?
89.4%

143%
65. s9

109
T2I
L42
125
r42
L27

9t .9
737
282
23r
L07

r55
155
155
155
155
155
155
155
155
311
155
155

50.13
'7 0 .32
7I .LZ
9r.66
80.6%
9a .62
81.9?
59.32
88 .4%
90 -72

t49%
69.0E

3 .22
5 .62
3 .4%
4-32
3.3?
L.4Z
3.2%
0.72
9.2%
1 .42
4.08
3.88

in ps/ks (ppb)

RPD cal-culated using sample concentrations per SWB46

FORM III fl$L*E# ; #ffiffiE"+#



ORGAIiIICS A.hTAI,YSIS DATA SHEET
SemivolaEiles by Selectsed Ion Monitoring
PAqE I OI I

Lab Sample ID: OL50A
LIMS ID:09-3731
Matrix: SedimenL Z,
Data Release Authorizedt,fff
Reported : 02 / LB / 09 r' v

Date Extracted:. 02/f0/09
Date Anallzed: 02/).6/09 L4:36
fnsErument/Analyst : NT2/PK
GPC Cleanup: Yes
Sifica Ge1 Cleanup: No
Afumina Cfeanup: No

CAS Nunlcer Analyte

GClMS

QC Report No: OL50-Science Applications, Intl
Project: TRONDALE SEDIMENT QUALITY INVST

Event: NA
Date Sampfed: OI/oB/O9

Date Received, oL/L0/09

Sample Amount:. 16.1 g-dry-wt
Finaf Extract Vol-ume: 1. 0 mL

Dilution Factor: 1.00
Percent Moisture : A5.6t

RL Result

Arsbilsrb@
INCORPORATED

Sample ID: ID-108-12-18-SD
MATRIX SPIKE

53-70-3
L06 - 46 -7
L20 -82 -1,
L1_8 -7 4 -1,
87 -68-3
85-68-7
95-48-7
L05 -67 -9
86-30-5
100-51-6
87 -86-5
95-50-1

Dibenz (a, h) anthracene
1, 4 -Dichlorobenzene
1 ?. 4 -'l"ri r-hl .)r.)Lrenzene
Hexachl-orobenzene
Hexachlorobutadiene
Butyl-benzylphtha 1 a te
, -Ma|- l-rrrl -hannl

2. . 4 -ni mef hv'l nhenol
N - Nitrosodiphenyl amine
Benzyl Afcohol-
Pentachlorophenol
-l 

" -ni nhl nrnhanTgng

6.2
6.2
5-2
6-2
6-2

L6
o.z
5.2
6.2

31
31

6.2

Reported in pg/kg (ppb)

SIM Semiwolatile Surrogate Recowery

2 -Fl-uorobiphenyl
2 -Fluorophenol-
d4 -L ,2 -Dichforobenzene
2 ,4,6 -Tribromophenol

72 .82
70.92
62.O%
r02*

75.52
65 -42
64 .8%
8r.22

d5 -Phenol-
d4-2-Chlorophenof
d5 -Nitrobenzene
d14 -p-Terphenyl

FORM I
+=.t :r--u " ffiffidft,4 i fq
E, kE - 6Ffr " tu-E# tWE W *-*



Ausbfi8rr@
INCORPORATEO

Sample ID: ID-108-12-18-SD
ORGANICS ANAI,YSIS DATA SHEET
Semivolat.iles by Selected Ion MoniEoring
Page 1 of 1

Lab Sample ID: OL50A
LTMS ID.. O9-3731
Matrix: SedimenL /
Data Release Authorized't,ffi
Reported: 02/18/09

Date Extracted : 02 / Io / o9
Date Anafyzed: 02/16/ 09 15:07
fnstrument/Anatyst : NT2/PK
GPC Cleanup: Yee
Silica Gef CLeanuP: No
Afumina Cleanup: No

CAS Number Analyte

cclMs
MATRIX SPIKE DUPI,ICATE

QC Report No: OL50-Science Applications, fnLl
Project: fRONDALE SEDIMENT QUALITY INVST

Event: NA
Date Sampled: o1/oB/09

Date Received: 01,/ 1,0 / 09

SampJ-e Amount : 7.6.1 g-drY-wt
Final Extract Vol-ume : 1. 0 mL

Dilution Factor: 1. 00
Percent Moisture: 15.5?

RL ResulE

53-70-3
ro6- 46 -7
120-82-1,
r]-9 -'7 4 -1,
B7-58-3
85-68-7
95 -48 -7
L05-57 -9
85-30-5
IUU-5I_b
87 -86-5
95-50-1

Dibenz (a, h) anthracene
1 , a -Dichl-orobenzene
1 ) A -'Fri chl nrnbenZene
Hexachlorobenz ene
Hexachlorobutadiene
Rtt f rz l hcnzvl nh f hal aCe
, -MaIhrzI nl-rann-l
2 , 4 -Dimethylphenol
N - Ni trosodiphenylamine
Benzyl Alcohol
Pentachforophenol
1, 2 -Di-chlorobenzene

6.2
6.2
6.2
6.2

L6
6 -2
6.2
6.2

31
31

6.2

Reported tn pg/kg (ppb)

SfM Semivolatile Surrogate Recovery

2 -Ffuorobiphenyl
2 - Fluorophenol
d4 -L ,2 -Dichlorobenzene
2,4,6 -Tribromophenol

7'7 .2%
72 .02
63 .62
92 .32

'7 6 .32
b / . f 6

69.22
82 .42

ct5 - Pneno_L
da - 2 -Chl-orophenof
d5 -Ni- trobenzene
d14 -p-Terphenyl

FORM I



ORGANICS ANALYSIS DATA SHEET
Semiwolatiles by Selectsed Ion Monitoring
Page 1 of 1

Lab Sample ID: LCS-021009
LIMS ID:09-3731
Matrix: Sediment
Data Release Authorized. '4Reported : 02 / 18 / 09 t/ '

Date Extracted z o2/L0/09
Date Analyzed LcS: 02/1'6/09 L2:44
Instrument/Analyst LCS : NT2/PK

Analyte LCS

GClMS

QC Report No: OL50-Science Applications, Intl
Project: TRONDALE SEDIMENT QUALTTY INVST

Ewent: NA
Date Sampled: NA

Date Received: NA

firsbfis*@
INCORPORATED

Sample ID: LCS-021009
LAB CONTROL SAII{PLE

Sample Amount LCS:
Final Extract Vofume LCS:

Difution Factor LCS:

Spike
Added Recovery

15.0 g-dry-wt
1.0 mL
r-.00

Dt-benz (a, h) anthracene
1, 4 -Dichforobenzene
7 ,2 ,4 -Trichl-orobenzene
Hexachl-orobenzene
Hexachforobutadiene
Butylbenzylphthalate
2 -Methylphenol
2, 4 -Dimethylphenol
N - Ni t rosod ipheny 1 ami ne
BenzyJ- Alcohol-
PentachloroPhenoJ-
1. 2 -Dichlorobenzene

r65
].25
L29
'l_4r

131
I57
138

9A.2
131
L] 6
22r
144

Reported

155 105?
L56 80.1?
156 82.72
156 90 .4%
155 84.08
L56 101?
L56 BB.5?
L56 58.53
156 84.0?
3r2 s6 .42
L56 l.422
155 92.32

in pg/kg (ppb)

SIM Semivolatile SurrogaEe Recovery

2 -FluorobiphenYl '73 -2%
ds-Phenol 74.12
2 - Fluo rophenol 'l 9 .5'Z
d4-2-Chlorophenol '7O.9%

d4-]_,2 -Dichforobenzene 84 . 0B
d5 -Ni trobenzene '1 3 .22
2,4,6 -Tribromophenol 99 -72
d14-p-Terphenyl 86.08

FORM III J*BF ffi'd-R EEEi'Ed q E'f!t-rA* g.FH{F " ffiFq-"iee *-* {:;t



Lab NAme: ANALYTICAL RESOURCES, INC

ARf .fob No: OL50

Lab File ID: 02160I

Instrument ID: NT2

Matrix: SOLfD

48
SEM]VOI,ATILE METHOD BI"ANK

BLANK NO.
SUMMARY

ClienE: SAIC

OL5OMBSl

Project: IRONDALE SEDIMENT QU

Date Extracted: 02/lO/O9

Date Arralyzed : 02/16 / 09

Time Analyzed: 72L3

TH]S METHOD BLANK APPLIES TO THE FOLLOWING SAIVIPLES, MS and MSD:

I
SAMPLE NO. SAMPLE ID ANALYZED

02/L6/oe
02/L6 / Oe
02 /L6 / Oe
02/L6/Oe
02/L6/Oe
02/L6/oe
02/L6/Oe
02/L6/Oe

01
o2
03
o4
05
Ub
o7
08
09
10
11
1-2
I-'
1A
I=

I5
IO
T7
18
19
20
2L
22
z5
24
25
26
27
28
29
30

OL5OLCSSl
rD-108-12-18-SD
ID-108-12-78-SD
rD- 10 8-72- 18 -SD
ID-101-8-14-SD
tD-I02-9-15-SD
rD-100-L5-21-SD
ID- OOO -MIX

OL5OLCSSl
OL5OA
OL5OAMS
OL5OAMSD
OL5OB
OL5OC
OL5OD
OL5OE

FILE ID

o21-602
o2L603
02L604
0216 0 5
02r606
02L507
0216 0I
02L609

COMMENTS:

page 1 of 1
FORM IV SV



Ars5ilSr!@
INCORPORATEDORGANICS ANAI,YSIS DATA SHEET

SemiwolaEiles by SelecEed Ion
Paqe r or 1

Lab Sample ID: MB-021009
LIMS ID:09-3?31
Matrix: Sediment A
Data Release Autho rized 7fr/Reported: O2/L8/09 r(

DaEe Extracted : o2 / 1,o / 09
Date Anafyzed: 02/a6/09 L2:.L3
Instrument/Analyst : NT2/PK
GPC Cleanup: Yes
Silica Gel Cleanup: No
Al-umina Cleanup: No

CAS Number Analyte

Monitoring GC/MS Sauple ID: MB-021009
METHOD BLANK

QC Report No: oL50-science Applications, Intl-eroject: 
IRONDALE SEDIMENT QUALTTY INVST

Ewent: NA
Date Sampfed: NA

Date Received: NA

Sample Amount: 16.0 g-drY-wt
Final Extract Vo]ume: 1. 0 mL

Di-luEion Factor: 1. 00
PercenL Moisture: NA

RL Resu1t

53-70-3
L05 - 46 -'l
120-82-r
]-l-8 -7 4 -I
87 -68 -3
85-68-7
95 -48-'l
1,O5-5'7 -9
86-30-5
100-51-6
B'7 -86-5
95 -50 -L

Dibenz (a, h) anthracene
1, 4 -Dichforobenzene
1 1 A-'Frichlnrnhgnggylg
Hexachforobenzene
Hexachlorobutadiene
Butylbenzylpht.halate
2 -Methylphenol-
2 , 4 -Dimethylphenol
N - Ni t ros odiphenyl ami ne
Benzyl AIcohol
Pentachforophenof
1, 2 -Dichlorobenzene

6.2
5.2
6-2
6-Z

6.2
1,6

6-2

6.2
31
31

6.2

8.1
< 6.2

< 6.2
< 5.2
<15

< 6.2
< 6.2
< 6.2
< 3l-
< 31
6.2

U
U
U
U
U
U
U
U
U
U

Reported in pg/kg (ppb)

SIM Semiwolatile Surrogate Recovery

2 -Fluorobiphenyl
2 -Fluorophenof
d4 - 1, 2 -Dichforobenzene
2 ,4 ,6 -Tr j-bromophenol

81 -22
81.93
|J9.26
9r.56

85.63
72 .82
80.0t
92 .42

d5 - Pnenol-
d4 -2 -Chl-orophenol-
d5 -Nitrobenzene
d14 -p-Terphenyf

FORM I 4-cE rys.B rF*d*14e4ffi f3e'rL--!tu*k*iffii F-€.ttr-ltliFg/



MBTALS

ffiLffiffi: ffiffiffiffi*



INORGAI{TCS AIiIALYSTS DATA SHEET
TOTAL METAI,S
Page 1 of 1

Lab Sample ID: OL50A
LIMS ID:09-3731
Matrix: Sediment 

^Data Release AuthorizeOl\4nff ,z
Reported: O2/23/On'(\Y/

\,
Percent Total- SoIids: 8fYlZ

ANALYT|oALa
RESOURCES\NZ
INCORPORATED

Sample ID: ID-108-12-18-SD
SAI{PLE

QC Report No: Ol5O-Science Applications, fntl_.
Project: IRONDALE SEDIMENT QUALITY INVST

Date Sampl-ed: 0I / 08 / 09
Date Received: 0I/I0/09

Prep Prep Analysis Analysis
Meth Date Method Date cAS Nunber Analyte RL mg/kg-dry a

30508 02/11 /09 60108 02/20/09 1440-38-2 Arsenic 6 6 U

30508 02/r'7 /09 60108 02/20/09 1 440-43-9 cadmium 0.2 0.2 u
30508 02/11 /09 60108 02/20/09 7440-47-3 chromiurn 0. 6 20.L
30508 02/11 /09 60108 02/20/09 7440-50-8 copper 0.2 Lg.7
30508 02/11 /09 60108 02/20/09 7439-92-L Lead 2 4
cLP o2/r1/og 741rA 02/20/09 '743g-gi-6 Mercury o.05 0.05 u
30508 02/11/09 60108 02/20/09 1440-22-4 sit-ver 0.3 0.3 u
30508 02/11 /09 60108 02/20/09 7440-66-6 Zinc 1 29

Il-An:1rrf a rrnAaf ocJ- ad al- ai rran DlqL Yr
PT -Pannrf i h^ r 'i nit

FORM-T
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INORGA}IICS A}TATYSIS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab SampJ-e TD: OL50A
LIMS ID:09-3731
Matrix: Sediment
Data Release Authorized
Reported : 02 / 23 / 09

ANALYilCAL(a
RESOURCES \Z
INCORPOBATED

Sample ID: ID-108-12-18-SD
DUPLICATE

O1- Ponnr]- Irln. f)T.6O-anianna Annlinrf innc Tnf lllv9nl/Prr,rIrLI.

Project: IRONDALE SEDIMENT QUALTTY INVST

Date Sampl-ed: 01/08/09
Date Received: OL/lO/09

l'lATRIx DUPLICATE QUALITY CONTROL REPORT

Analysis Control
Analyte Method Sanple Duplicate RPD Lirnit A

Arsenic 60108 6 U 6 U 0.0U +/- 6 L
Cadmium 60108 0.2 U 0.2 U 0.0? +/- 0.2 L
Chromium 60108 2O.L L9.2 4.62 +/- 2OZ
Copper 60108 I9.1 17.8 10.1_% +/- 202
Lead 60108 4 5 22.2e" +/- 2 L
Mercury '741LA 0.05 U 0.05 U 0.08 +/- 0.05 L
Sil-ver 60108 0.3 U 0.3 U 0.0? +/- 0.3 L
Zinc 60108 29 26 10. 9i5 +/- 202

Reported in mglkg-dry
*-Controf Limlt Not Met
L-RPD InvaIid, Limit : Detection Limit

FORM-VI



INORGANICS AI\IAIYSIS DATA SHEET
TOTAI METATS
Page 1 of 1

Lab Sample fD: OL50A
LIMS ID: 09-3731
Matrix: Sediment
Data Re]ease Authorized
Reported : 02 / 23 / 09

ANALYnCAL (JEl
RESOURCES \Z
INCORPORATED

Sample ID: ID-108-12-18-SD
TIATRIX SPIKE

OC Ronnrf Ir.Ta. OT.5fl-(ni onna Annl i ^-+.i ^-- Tnf lvv r\syv!u !rv. v!Jv u9rerl9s npprfuqLlvlrDt IllLI.
Project: IRONDALE SEDIMENT QUALITY INVST

Date Sampl-ed: 07 / 08 / 09
Date Received: OI/IO/Og

}TATRTX SPIKE QUAIITY CONTROL REPORT

Analyte
Analysis
Method Sample Spike

Spike
Added

t
Recovery a

Arseni-c
Cadmium
Chromium

Lead
Marnrrrrz

Silver
LLrIC

6010B
60108
60108
60108
6010B
141IA
6010B
6010B

6

0.2
20.r
19.1

4

0.05
0.3

29

225
55.3
56.3
s6.3

225
0.492
56.3
56.3

93.8?
96.32

r1"2e"

92.12
88.4%

rtb6
100?

95.9e"

U

U

21L
EA 

'

83.3
1r .9

203
0.57
56. 4

83

U

U

Reported in mglkg-dry

N-Control Limit Not Met
H-% Recovery Not Applicable, Sample Concentration Too High
NA-Not AppIicable, Analyte Not Spiked

Percent Recovery Limits:. 15-125%

FORM-V
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INORGANICS AI{ALYSIS DATA SHEET
TOTAI METAIS
Page 1 of 1

Lab Sample ID: OL50B
LIMS ID: 09-3'732
Matrix: Sediment
Data Rel-ease Authorized
Reported : 02 / 23 / 09

ANALYTIGAL /i,IF)
RESOURCES \7
INCORPORATED

Sanple ID: ID-101-8-14-SD
SAI'{PLE

QC Report No: OL5O-Science Applications, Intl.
Pro;ect: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: 01/08/09
Date Received: 01/I0/09

Percent Total- Solids : J1 .Ieo

Prep Prep Analysis Analysis
Meth Date Method Date CAS Nunber Anal-yte RL mg/kg-dry A

3050B A2/L]/09 60108 02/20/09 '7440-38-2 Arsenic
3050B 02/I1 /09 60108 02/20/09 1 440-43-9 Cadmium
3050B 02/11 /09 6010B 02/20/09 7440-47-3 Chromium
30508 02/11 /09 50108 02/20/09 7440-50-8 Copper
3050B 02/I1 /09 6010B 02/20/09 7439-92-l Lead
CLP 02 / I'7 / 09 '7 4'7IA 02 / 20 / 09 7 439-97 -6 Mercury
3050B 02/71 /09 6010B 02/20/09 1440-22-4 Sil-ver
3050B 02/11 /09 6010B 02/20/09 7440-66-6 ZLnc

U-Ane I wf e rrndef er:teci at oi rren RL
Rl-Reportinq Llmit

20
0.6

2

0.6
6

20u
0.6 U

15
LL2

L1
0.06 0.07
0.9

J

0.9 u
99

FORM-I
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INORGAI{ICS ANATYSIS DATA SHEET
TOTAI MEIAIS
Paqe 1 of 1

ANALYTICAL /A't-Jr-l
RESOURCES \Z
INCORPORATED

Sample ID: rD-102-9-15-SD
SAI'iPLE

QC Report No: Ol50-Science Applications, Intl.
Project: lRONDALE SEDIMENT QUALITY INVST

f):fa Q:mnr aA. 01,/08/09
Date Received: 01"/I0/09

Lab Sample fD: OL50C
T.TMq rn' no-????
Matrix: Sediment 6nL/
Data Release Authorized rW
Reported: 02/23/0, i ,|

Percent Total Solids: 79.I%

Prep Prep Analysis Arralysis
Meth Date Method Date CAS Nunber Analyte RL mg/kg-dry A

30508 02/t1 /09 60108 02/20/09 '7 440-38-2 Arseni-c 20 20 u
30508 02/11/09 60108 02/20/09 1440-43-9 cadmium 0.6 o.o u
30508 02/11 /09 60108 02/20/09 7440-47-3 chrornium 2 L4
30508 02/11 /09 60108 02/20/09 744o-5o-B copper 0.6 76.7
30508 02/11 /09 60108 02/20/09 7439-92-L Lead 6 10
cLP 02/11/09 141rA 02/20/09 7439-97-6 Mercury o.05 o.05
30508 02/11 /09 60108 02/20/09 7 440-22-4 si]ver 0.9 0.9 u
30508 02/11 /09 60108 02/20/09 7440-66-6 Zlnc, 3 57

U-Analyte undetected at given RL
Rl-Repbrting Limit

FORM-I
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INORGAI{ICS AI.IAIYSfS DATA SHEET
TOTAI METALS
Pase 1 of 1

Lab Samp1e ID: OL50D
LIMS ID: 09-3'734
Matrix: Sediment
Data Rel-ease Authorized
Reported:02/23/09

Percent Total- Sol-ids: 82.0%

Prep Prep Analysis Analysis
Meth Date Method Date CAS Nunber Analyte

Als:ff:*@
INCORPORATED

Sample ID: ID-100-15-21-SD
SAI.{PLE

OC Renorf Nn' OT,5O-Sci cnno Ann l i nrl- i nn c Tnl- lrrvs nl/vlr , frrLf .

PToJect: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: 07/08/09
Date Received: 07/I0/09

RL ng/kg-dla A

3050B 02/L1 /09 6010B 02/20/09 1440-38-2 Arseni-c
3050B 02/I1 /09 6010B 02/20/09 j440-43-9 Cadmium
3050B 02/r'7 /09 6010B 02/20/09 1440-47-3 chromiurn
3050B 02/I1 /09 6010B 02/20/09 744O-SO-9 Copper
3050B 02/11 /09 60108 02/20/09 7439-92-L Lead
cLP 02/11 /09 14jLA 02/20/09 7439-97-6 Mercury
3050B 02/I1/09 6010B 02/20/09 1440-22-4 Sitver
3050B 02/I1 /09 60108 02/20/09 7440-66-6 ZLnc

[]-An:lrrtp rrnrici-er-feri et oirrcn R.lqu Y+
RT,-Renorf i na T,i mil

10
0.6

1

0.6
6

0.0s
nq

3

10 u
0.5 u

L7
113
25

0. 06
0.9 U

L44

FORM-I
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Alsbff:r!@
INCORPORATED

INORGANICS ANAT,YSIS DATA SHEET
TOTAI, METAIS
Page 1 of 1

Lab Sample fD: OL50E
LIMS ID: 09-3735
Matrix: Sediment
Data Re]ease Authorized
Reported: 02/23/09

Sanple ID: fD-000-MIX
SAI4PLE

f)1- Ponnrf Nln. f]T -^--50-Science Applications, Intl.
Project: IRONDALE SEDIMENT QUALITY INVST

F)afa Qamnlarl . 01/29/09
Date Received: OI/30/09

Percent TotaI SoIids : 1'7 .2%

Prep Prep Analysis Analysis
Meth Date Method Date CAS Nunber Analyte RL nglkg-dry a

30508 02/11 /09 60108 02/20/09 1 440-38-2 Arsenic 6 6 U

30508 02/1-1/09 60108 02/20/09 1440-43-9 cadmium 0.2 0.2 u
30508 02/11 /09 60108 02/20/09 7440-47-3 chronium o. 6 Lg.4
30s0B 02/I'7 /09 60108 02/20/09 ?440-50-8 Copper 0.2 30.4
30508 02/ti /09 60108 02/20/09 7439-92-L Lead 2 I
cl,p 02/rj /09 't 4].rA 02/20/09 j 439-9'7-6 Mercury 0.04 0. 04 u
30508 02/71 /09 60108 02/20/09 '7 440-22-4 Sit-ver 0.4 0.4 u
30s0B 02/I'7 /09 60108 02/20/09 7440-66-6 Zi,ne I t24

U-Ana I rzte rrndef a^l- od :f ni rron Pl
RL-Reporting Llmit

FORM-f
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Arsifi8rb@
INCORPORATED

INORGAI{ICS AI.IALYSIS DATA
TOTAI METAIS
Page 1 of 1

Lab Sample ID: OLSOMB
LIMS ID: 09-3132
Matrix: Sediment
Data Refease Authorized:
Reported : 02 / 23 / 09

Percent Total- Solids: NA

SHEET

Analysis Analysis
Method Date CAS Nunber

Sanple ID: METHOD BLANK

QC Report No: OL50-Science Applications, IntI
Project: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: NA
Date Received: NA

Prep
Meth

Prep
Date Anal-yte RL nglk9-dry

3050B
3050B
3050B
3050B
3050B
CLP

30508
30508

a2/11 /09
02/11/09
02/r1 /09
02/71 /09
02/r1 /09
02/L7 /09
02/r7 /09
02/1.1/09

OU -L UIl

6010B
60108
6010B
OU -L UlJ

141IA
60108
6010B

02/20/09
02/20/09
02/20/09
02/20/09
02/20/0e
02/20/09
02/20/09
02/20/09

1 440-38-2
1 440- 43-9
1 440-41-3
'7 440-50-8
1 439-92-r
7 439-9'7 -6
1 440-22-4
1 440-66-6

Arsenic
Cadmium
Chromium

T ^^i

Marnrr rrz

Si.l-ver
Zinc

5

0.2
nq
0.2

n nR

0.3
1

5

0.2
0.5
0.2

/)

0.05
0.3

1

U

U

U

U

U

U

U

U

II-An:lrrfa rrn^a+er-ie.l :f nirren R.lqu Yf
RL-Reporting Llmit

FORM-I
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*xs5ff:tb@
INCORPORATED

INORGAITICS AI.IALYSIS DATA SHEET
TOTAL METAIS
P:oa T nf T

Lab Sample ID: OL5OLCS
LIMS ID. 09-3732
Matrix: Sediment ^ ,l .

Data Release Authortzealfl /Reported 02/23/09 [ ]-\-/

Analyte
Analysis
Method

Sample fD: LAB CONTROL

OC Rannrf ItIo. OT,EO-Cci onco Ann l i c:1- i nnq Tn1- l
Yv !\vt/ v !

Project: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: NA
Date Received: NA

BI,ANK SPIKE QUAI.ITY CONTROL REPORT

Spike
Found

Spike
Added

E

Recovery a

Arsenic
Cadmium
Chromium

Marnrrrrr

Sil-ver
LITIC

Qonnrfad i n

N-Control l-i-mit not met
NA-Not Applicable, Analyte Not Spiked
Controf Limits: 8O-120?

6010B
6010B
6 0108
60108
6010B
1411A
6010B
oul_ut1

ma / Va-Artr

193
49.5
48.0
48.1

190
1nq
51.4

41

200
50.0
s0.0
50.0

200
1.00
50.0

50

96.52
99 .02
96.02
96.22
95. 0i5

10 9?

103%

94.02

FORM-VII
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TOTAL SOLIDS
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Extractions Total, Sof ids-extts
Data By: Tae K. You
Created | 2/ 9/ 09

worK_L.1st i 2L2
Ana-Lysc: KVR
Comments:

ARI fD Tare Wt Wet Wt Dry Wt
CIJIENT ID (S) (g) (S) ? Sollds pH

l_. oL50A 1.16 12.30 10.55 84.4
09-373r_
rD-1_08-12-18-SD

2. Or,50B 1.16 1,2.35 9.69 76.2
09 -37 32
ID-l_01-8-14-SD

3. OL50C 1.18 rr.27 8.92 76.7
09-3733
TD-1,02-9-15-SD

4. OL50D i-.18 r_1.80 9.84 81.5
09 -3734
rD-100-l_5-21-SD

5. OL50E 1.18 1-1-.82 9.12 74.6
09-3735
rD-000-MTx

NR

NR

NR

WOTK.L]-SE .LU : 2I2 PAqC : I
ffiLffiffi I ffiffiffiffiffi



Solids Data Entry Report
Date 02/L8/09

Checked by: Kt^
Data Anal-vst: MH

Date , Z/9 /93

MH

SAMPDISH

Solids Determinat.ion performed on 02/I1/09 by

JOB SAMPLE CLIENTID TAREWEIGHT DRYWE]GHT SOLIDS

oL5 0

oL50
oL5 0
oL5 0
oL5 0

A
B
C
D
E

ID-108_L2-18-SD
ID-101-8-14-SD
rD-102-9-15-SD
ID-100-15-21-SD
]D-OOO_MIX

0.984
0.969
0.988
0.9'74
0 . 97'7

10.705
10.208
r0.797
L0.249
L0 .6'72

I .927
8.091
8.749
8.584
B .45'7

81.71
71.09
'79.r2
82 .05
77.15

Li A- a-.& W..fr ' fr-e€.* s,g-i7:3 #



Laboratory Data Package '/

prepared
for

SCIENCE APPLICATIONS, INTL.

Project: Irondale Sediment Quality Investigation

ARI JOB NO: OL50

prepared
by

Analytical Resources, Inc.

ffi*--ffiffi: ffiffiffiffit4



Semivolatile Organics
QC Summary Data

prepargd
for

SCIENCE APPLICATIONS, INTL.

Project: Irondale Sediment Quality Investigation

ARI JOB NO: OL50

prepared
by

Analytical Resources, Inc.

ffiL_ffiffi; ffiffiffiffiffi



Alsbil:t\@
INCORPORATED

SW827O SEMIVOLATII.ES

Matrix: Sediment

SOIL/SEDIMENT SURROGATE RECOVERY SI'MI{ARY

QC Report No: OL5O-Science Applications, Tntl
Project: IRONDALE SEDTMENT QUALITY INVST

FBP TPH DCB PHL 2I"P TBP 2CP TOT OUTClient fD

ID-108-12-18-SD
rD-101-8-14-SD
rD-102-9-15-SD
MB-021009
LCS-021009
rD-100 -15-21,-SD
rD-100-15-21-SD
rD-100-15-21-SD
ID-OOO-MIX

58 .4z 6t .62
52.42 54.O2
s6.BZ 63.22
63.22 62.8%
64.0% 65.6%
53 . Z6 55. b6
50.43 52.0%
54.82 58.03
52.4% 58.0?

58.03 56.0?
52.82 49.12
59.2+ 54.72
66.88 62.7*
57 .22 64.32
52.82 48.B*
52.82 55.22
55 . 8? 50 .32
54 .02 48 .82

82.rz 62.r2
74.4e6 54.'7%
69 .62 59 .7*
'72.02 65.92
B't .22 65 .Lz
79.72 56.02
74.7% 55.'72
81 .2+ 60.52
7L.'tz 54.'72

MS

MSD

/5,b4
6/.66
10.8%
82 .4%
80 .4+
71- . 6z
bv. b6
77 .62
67 .62

5A .96
52 .82
55.5?
60.8?
63.52
5J.16
52 .82
58 .42
51.56

0

0

0

0

0

0

0

0

0

(NBZ)
(FBP)
(TPH)
(DCB )

(PHL)
I?trD)
(TBP)
o'-D\

(40-8s
(20 - 93
(40 - 96
(41- 81

d5 -Nitrobenzene
?-E'lrrarnhinhcnrr'l

d14-p-Terphenyf
d4 - r, 2 -Dichf orobenzene
c15 - Pneno I
a -F'l rrnranhannl

2,4,5-Tribromophenof
d4 -2 -Chl-orophenol

Irog

I.CSIMB I,IMITS
(37-8s)
(39-82)
(38-1os)
(33 -'7 e)

QC LIMITS
(29 -87 )

(32-88)
(2a-97 )

(2e-Bs)
(10-114)
(2s-103)
(30-84)

09 -31 35
Prep Method: SW3550B

Number Range: 09-3734 Lo

Page 1 for OL50
FORM-rr SW8270

ffi*"*ffim; ffimffi#ffi



ORGANICS A}TAI.YSIS DATA SHEET
PSDDA Semivolatiles by 5W8270 GelMS
Page I of 2

Lab Sample ID: OL50D
LIMS ID: 09-3734
Matrix: Sediment ..--<
Data Release Authorized' V'12Reported: Q2/I'7/09

Date Extracted MS/MSD: 02/1'o/09

Date Anal-yzed US : O2 / L5 / 09 20 :53
MSD: 02/16/09 2I:26

Instrument/Analyst MS : NT6/l,JR
MSD: NT6/l,JR

GPC Cleanup: YES

Analyte SampIe MS

ANALYTICA L IT^
RESOURCES \7
INCORPORATED

Sample ID: ID-100-15-21-SD
MS/MSD

QC Report No: OL5O-Science Applications, Intl.
Project: TRONDALE SEDTMENT QUALITY INVST

Date Sampled: 0I/08/09
Date Received: 0I/I0/09

Sample Amount MS: 25.4 g-dry-wt
MSD: 25.4 g-drY-wt

Finaf Extract Vo1ume MS: 0.5 mL
MSD: 0.5 mL

Di-lution Factor MS: 1.00
MSD: 1.00

Percent Moisture: 18.5 ?

Spike MS

Added-MS Recovery
Spike MSD

MSD Added-MSD Recovery RPD

Phenol
1 -l -ni ch l orolrcnzene
1 , 4 -Dichlorobenzene
Rcn zrrl A l nnhn l

1,-nichlnrnhenzene
? -Mef hrr'l nhara l

4 -Mof hrz] nhcno l

? / -ni matshrr'l nhonnl

Benzoic Acid- 2 4-Tr: chlorobenzene
NT^nlrtsh=l onc

Hexachl orobut adi ene
,-Matl^rzl n:nhf haI ene
Dimethylphthafate
Anon:nh I hrrl cn c

A.6nr nh l-hoha

Dibenzofuran
ni 6f hr'l nt\f h: l rtsa

Fluorene
N-Ni trosodiphenyl amine
Hexachl- orobenzene
Dont:nhl nrnnhcnal

Phenanthrene
Anthracene
nr -n-Q'rrrrl nhj-hal ale
Fl-uoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
bis ( 2 - Et.hylhexyl ) phthal-ate
Ch rrzqcnc
Tli -n-onFrr'l nhf he l ate
Rcnzn (h) fl rrnranfhene
F,Fnz^ lk\ f I rror:nf hene
Ponznlaln\/rana

Tndenn/1 ? 1-.ri)nvl.ene
ni hcnz (e h):nrhraCene
RFnzo to h. i ) nervl ene\JtL1 t -

s8.03 8.42
55.42 8.8?
55 .42 7 .62
4.52 40.42

55.2% 8.0?
52.9% 3.18
55.88 8.42
40.0E 12.42
80.4& 8.8t
63-.32 10.5?
6L.5z 10.8?
66.r2 13.8?
69.0g 11.s3
53 .92 11.8?
59.88 10.79
6!.1* 11. s8
61 .AZ 12.2%
72.8e6 :-.3.72
73 .62 72 .62
65.72 10.5%
7L.O% 1,2.8%
86.4% 77.L%
73.22 1,2.42
66.72 13 .lt
76.3% 13 .3?'
76.8e6 1L.7%
75.32 l-0.8?
19.32 1-r-.99
73.64 13 .8t
86.8t 11.l-8
68.1& 11.3%
72.4% 11.63
83.6? 8.3E
r02Z ).9 .92

62.r2 r-1.88
58.22 r-1.0t
55.4% L2.52
48.'72 13 .3&

< ,Ly. b

< av. b

< Ly. b

< av. b

- 10 a

< ]-9.6
< L96

< 19.6

< 1-9 .6
< 19.6
< L9.6
< lv. b

< av, b

< av, o

< 9'1 .8
< Iy. b

< 19.6
< rv . b

rb . o

IU. b

< L9.6
< av . o

< rv . b

11.1
< av. b

< L9.6
< rv, b

< 79.6

< av. o

263
250
253

66.3
25L
253
515
I74

l-090
272
272
284
303
280
265
2'7t
293
3r_3
320
289
308
359
J L>

286
329
353
350
341
3l-6
3dJ

3r-0
3 r-8
379
4II
272
25'7
241-
2r0

492
492
492
984
492
492
984
492

1480
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492
492

53.5%
50.88
5].4Z
6.12

51.0E
5i'.4%
52.32
35 .4%
73.62
55.33
55.38
51 .72
6L .62
56.92
53.93
55.1_6
59 .6%
63.62
6s.08
58.72
62 .6%
73.O%
64 .82
58.l-?
66 .92
68.08
67 .42
70.52
54.22
77.8%
60.8t
64 .62
77.02
83 .58
55.3E
52 .22
49.02
42 .72

zoo
273
2'73

44 .0
212
za L

s60
1-97

l-l_90
302
303
326
340
3 r-5
295
304
JJA

359
363
321-
350

3 51-

326
J /O

397
390
39r-
353
428
347
351

502
JUO

28'7
273
240

493
493
493
985
493
493
986
493

1480
493
493
493
493
493
493
493
493
493
493
493
493
493
493
/ o2
/ o?

493
493
493
493
493
493
493
493
493
493
493
493
493

FORM III
FsE ffifi& fr&frlgs?eff 

-F" tA - frffi,E " WF#ftegffi Y



ORGA}IICS A.\TAI,YSIS DATA SHEET
PSDDA Sernivolat.iles by 5W8270 GCIMS
Page 2 of 2

Lab Sample ID: OL50D
LrMS ID: 09-3734
Matrix: Sediment
Date Anafyzed MSt 02/1'6/09 20:53

MSD : 02 / 1-6 / 09 2L:.26

Analyte

ANALYTICALTf/FA
RESOURCES \Z
INCORPORATED

Sample ID: ID-l-00-15-21-SD
MS/MSD

r\.. pah^rt- NT^. oT,qO-Science Annl in:1- inns. Tnf lvv ^eyv!Project: TRONDALE SEDIMENT QUALITY INVST

Spike MS Spike MSD

Sample MS Added-MS Recovery MsD Added-MSD Recovery RPD

l-Methylnaphthalene < 79.6 310 492 53.08 353 493 1I.62 13 ' 0%

Resufts reported in pg/kg
RPD cafculated using sampfe concentrations per SW846 -

FORM IIT
,!Rd Fffi .. ffituffi-.-<ft



ORGANICS A}iIALYSIS DATA SHEET
PSDDA Semivolatiles by 5W8270 GCIMS
Page I of 2

Lab Sample ID: LCS-021009
LIMS ID: 09-3734
Matrix: SedimenL ._(
Data Release Authorized ' \ I'i )
ReporLed : 02 / 77 / 09 v

Date Extracted : 02/I0/ 09
Date Anal-yzed: 02 / 76 / 09 a3 :42
Instrument/Analyst : NT6/LJR
GPC CleanuP: YES

Analyte

ANALYTICAL II^
BESOURCES \7
INCORPORATED

SamPle ID: LCS-021009
I,AB CONTROI.

QC Report No: OL50-science Applications, fntl-.
Project: IRONDALE SEDIMENT QUALITY INVST

Date Sampled: 01-/08/09
Date Received: 0I/a0/09

Sample Amount: 25.0 g
Final Extract Volume: 0.5 mL

Difution Factor: 1. 00
Percent Moi-sture: NA

Lab Spike
Control Added Recovery

Phenol
I ? -ni nh1 nrnhcnzgng
1, 4 -Dichlorobenzene
Panzrzl al cnhnl

1 ? -ni chl orntrenzene
? -Ma1- l.rrrl nhcnnl

4 -Methylphenol
2 , 4 -Dimethylphenol
Benzoic Acid
a . A r-: ^Ll ^-^LL, z, + - rrt-cIrf (Jruuenzene
\Trnhj_ ha I pnc

Hexachlorobutadiene
2 -Methylnaphthalene
l-t i mef hrrl nhf.ha'l ate
Acenaphthylene
Acenaphthene
Dibenzofuran
ni aFl.rrr'1 nht-hr I : '|- a

Fl-uorene
N -Ni t rosodiphenyl ami ne
Hexachforobenzene
Pentachforophenol
Phenanthrene
Anthracene
Tti -n -Rrrl- rzl nhrha'l ate
Ffuoranthene
Pyrene
Butylbenzylphthalate
Benzo (a) anthracene
b j- s ( 2 -Ethylhexyl ) phthalate

323
3I4
313
515
314
305
651
244

1,27 0

333
338
353
337
346
325
322
346
3 83
379
356
382
463
387
368
433
447
3 93
4]-3
394
450

500
500
500

1000
500
500

1000
500

1500
500
500
500
s00
500
500
500
500
500
500
500
500
500
500
500
500
500
500
s00
500
500

64 .62
62 .82
6Z .66
5.1-.56
62 .46
61.03
b5. _16

48 .8%
84.72
66 .62
67 .62
70.62
61 .42
69.22
65.22
64 .42
69.22
76.62
75.82
71.22
76.4%
92 .6%
't7 .42
73.62
ub. b6
89 .42
/6.66
82 .6%
78.8?
90.0t

FORM III

s=4 ffidE €={!{*rutr ffi
& flfr - fiFR " #;FFHrFl -F



ORGANICS A.I\TAI.YSIS DATA SHEET
PSDDA Semivolatiles by 5w8270 GCIMS
Page 2 of 2

Lab Sample ID: LCS-021009
LIMS ID: 09-3734
Matrix: Sedlment
Date Analyzed; 02 / L6 / 09 1"3 :42

Analyte

^a Report No:
Dr^rFaf.

Irab
Control

Ars5il8rr@
INCORPORATED

Sample ID: LCS-021009
IJAB CONTROIJ

r.rT.qn-Qai anna Annl i c:j- i nnq Tnj-l
IRONDALE SEDIMENT QUAL]TY INVST

Spike
Added Recovery

1-1r rrr< an a

T-ti -n-ocfvl nhthafatevL LL vvvf

Benzo (b) ffuoranthene
Benzo (k) fluoranthene
PanzAltln\/rana

TnAana/T ) a.-ad)nrrranaIiluEIIv \L t -, J es/ t/lrvrre
nil-'anz/r l.r)rnl-hruLpvLL- \q, ril qrrurrrqLgllE

Benzo (g, h, i) perylene
1-Methyf naphthal-ene

Resufts reported in pg/kg

Semivolatile Surrogate Recovery

35'7
39r
4qq

450
346
473
439
451,
363

500
500
s00
s00
500
500
500
500
500

7r.42
78.22
91-.08
90 .02
69.22
94 .52
a /.66
90.22
'72.62

d5 -Nitrobenzene
't -l'l rrnrnl.ri nhanrrl

d14 -p-Terphenyl
aA I . n.i^Ll^-^1-o'4 .- -L / Z - D lurrr,JL(JUenzene
d5 - Phenol
,) 

-F lrrnrnnhannla r ruv!vF

2,4,5-Tribromophenol
d4-2-Chlorophenol

64 .02
55 .6%
80.48
67 .22
64 .32
63 .53
87.22
b5. t_6

FORM III

#E ffiffi: ffiffimTffi



Lab Name: ANALYTICAL

ARI Job No: OL50

Lab File ID: OLSOMB

fnstrument ID: NT5

Matrix: SOLID

RESOURCES, INC

SEM]VoLATILE'f;B"OO BLANK
BLANK NO.

SUMMARY

Client: SAfC

OL5OMBSl

Project: IRONDALE SEDIMENT QU

Date Extracted: 02/IO/09

Date Ana1yzed : 02 / 16 / O9

Time Analyzed: 1309

THIS METHOD BLANK APPL]ES TO THE FOLLOWING SAMPLES, MS and MSD:

0l_
02
03
o4

Ub
o7
08
09
10
11
I2
l-5
I4
15
76
77
J_tJ

I>
20
2L
22
z5
z+
25
26
27
28
29
30

SAMPLE NO.

OLsOLCSSl
rD- 10 8-12- 18 -SD
rD-101_-8-14-SD
rD-102-9-15-SD
rD-100 -L5-21-SD
rD-100-15-2r_-SD
rD-100 -r5-21_-SD
rD- OOO -MIX

SAMPLE ID

OL5OLCSSl
OL5OA
OL5OB
OL5OC
OL5OD
OL5ODMS
OLD5ODMSD
OL5OE

FILE ID

OL5OSB
OL5OA
OL5OB
OL5OC
OL5OD
OL5ODMS
OL5ODMSD
OL5 OE

ANALYZED

02/L6/Oe
02/1,6/oe
02/L6/oe
02/1,6/oe
02/L6/oe
02/76/oe
02/L6/oe
02/L6/oe

COMMENTS:

page 1 of 1
FORM ]V SV

#*-*ESffi : ffiffi#?g



5B
SEMIVOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTRTPHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, INC

Instrument ID: NT5

DFTPP InjecLion DaLe: OL/29/09

m/e

ClienL: SAIC

Project: TRONDALE SEDIMENT QU

DFTPP fniection Time: 1017

51
58
o:/
70

I27
r97
r_9 I
199
275
365
44r
442
443

ION ABUNDANCE CRITERIA

30.0 - 80.0? of mass 198
Less than 2.OZ of mass 6
Mass 69 reLative abund"t.
Less than 2.02 of mass 69
25.0 - 75.0? of mass l-98
Less than 1.0% of mass 198
Base Peak, 100? relative a
5.0 to 9.0? of mass 198
10.0 - 30.0% of mass 19
Greater than O.752 of *t
Present, but l-ess than mass 443
40.0 - 1l-0.08 of mass 198
15.0 - 24.0? of mass 442

ABUNDANCE

56.2
u.b

54.8
0.0

54.1
0.0

100.0
6.4

zz-5
2.7r

11.1
75.5
74 .8

-7---i--i-\T
\ 4. a/ r

T-T.T-)T

I-ag.Tl2
1-Val-ue rs ? mass 69 2-Val-ue 1s Z mass 442

THIS CHECK APPLIES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAIvIPLE NO.

ABN 25
ABN 80
ABN 1
ABN 40
ABN 5
ABN 10

SAMPLE ]D ANALYZED

or/2e/0e
or/2e/0e
01,/29/09
or/2e / oe
or/2e/0e
0L/2e/oe

ANALYZED

r_ 017
l_u3l_
IL26
T2OT
L235
13 10

FILE ID

ABN
ABN
ABN
ABN
ABN
ABN

25
80
t_

40
5
10

v z5v rz>
0800129
00101-29
o400729
0050129
010 012 9

01
vz
UJ
o4
05
05
vt
08
09
10
11
1,2
13
74
15
L6
I7
18
I9
20
2I
22

page 1 of 1
FORM V SV

#f-**m; #ffiffi?H



5B
SEM]VOLATILE ORGANIC INSTRUMENT PERFORMANCE CHECK

DECAFLUOROTR]PHENYLPHOSPHINE (DFTPP)

Lab Name: ANALYTICAL RESOURCES, fNC

fnsLrument ID: NT6

DFTPP Injection Date: 02/L6/09

m/e

Client: SAIC

Project: IRONDALE SEDIMENT QU

DFTPP Iniection Time: 1055

ABUNDA}ICE

51
bU
59
70

727
79'7
198
199
275
35s
44]-
442
443

ION ABUNDANCE CRITERIA

30.0 - 80.0? of mass 198
Less than 2.02 of mass 59
Mass 59 relative abundance
Less than 2-0% of mass 69
25.0 - 75.0? of mass 198
Less than 1.0? of mass 19E'
Base Peak, 100% relative a
5.0 to 9.0? of mass 198
10.0 - 30.0% of mass 1-9
Greater than 0 -752 of *"

5'7 -2
0.7

55.5
0.0

56 .4
0.0

100.0
6.5

27.8
2.33

10.9
t6-L
15 .3

]-1l3)7
l---T.T-)T

T-49-.68

Present, but l-ess than mass
40.0 - 110.0% of mass 198
15.0 - 24.0% of mass 442

443

l-Val-ue ]-s ? mass 59 2-Val-ue r-s Z mass 442

THIS CHECK APPL]ES TO THE FOLLOWING SAMPLES, MS, MSD, BLANKS, AND STANDARDS:

SAMPLE NO. SAMPLE ]D FILE ]D

ABN CCAL
OL5OMBSl
OL5OLCSSl-
ID-108-I2-18-SD
ID-101-8-14-SD
ID-102-9-1_5-SD
ID- l_00 -75-21-SD
ID- l_00 -75-21-SD
rD- 100 -L5-21-SD
ID- 0 00 -MIX

ABN 25
OL5OMBSl
OL5OLCSS]-
OL5OA
OL5OB
OL5OC
OL5OD
OL5ODMS
OLD5ODMSD
OL5OE

cc}276
OL5OMB
OL5OSB
OL5OA
OL5OB
OL5OC
OL5OD
OL5ODMS
OL5ODMSD
OL5OE

ANALYZED

02/1,6/oe
02/1,6/oe
02/76/oe
02/1,6/0e
02/L6/0e
02/76/oe
02/16/oe
02/15/oe
02/1,6/0e
02/L6/0e

ANALYZED

10 55
13 09
7342
184 0
1913

. 7947
2020
2053
2726
z 13>

01_

vz
UJ
04
05
UO
07
08
09
10
t_ t_

I2
13
74
15
t-o
77
18
I9
zv
27
22

page 1- of l-
FORM V SV

d*aE #tr& , s-&s'Bffi:$3\*rn6.-*u:8w# - il;.iffi""i'if# f g-3



8B
SEMIVOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OL50

Cont . Calib. f D: CC021-6

InstrumenL ID: NT5

1
AREA RT

Client: SAIC

Project: IRONDALE SEDIMENT QU

Date Analyzedz 02/76/09

Time Analrzzed: 1056

AREA RT AREA

12 HOUR STD
UPPER L]MIT
LOWER LIMIT

L22677
245354

61338

8. 83
9.33

6

76
zo
26

429656
8593L2
2L4828

23]-r89
462378
1 15 594

CLIENT SAMP.
NO.

OL5OMBSl
OL5OLCSSl
rD- 108 -'12-L8
rD-t-01_-8-14-
rD-102-9-15-
rD- 100 -75-2r
rD- 100 -75-2L
rD- 100 -15-2r
ID-OOO-MIX

--- netir-
L38794
747066
7460r4
1,518 0 5
L429L6
I42459
L47550
'L41-434

---tir;rs-
251380
275373
280526
28803s
27 9546
288535
29L766
269845

RT#

12.76
11.16

=======
1_'1 .66
TT .56
11.55
TL .66
77 .57
7I .66

Lr .67
IL .67

01
02
03
04
05
UO
vt
08
09
t_0
11
L2
13
1-4
15
l_o
I1
l-t
19
20
2t
22

6.'76
6.76
6.76
6.77
6.76
6.77
6 -77
6.77
o.tt

47 4064
47]-325
477 68L
484660
5r_8285
47 97 53
485203
498693
47 4084

8.83
8.83
8.83
8. 83
A R?
8.83
8.84
8. 84
8.83

TQ1 /T'IriEl\\ueu t

IS2 (NPT)
IS3 (ANT)

= 1, 4-Dichlorobenzene-d4
= Naphthal-ene-d8
= Ac6naphthene-d10

AREA UPPER LIMIT = +100? of i-nternal- standard area
AREA LOWER LIMIT = - 50? of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal- sLandard RT
RT LOWER LIMIT = - 0.50 minutes of internal standard RT

# Column used to flag internal standard area values wiLh an asterisk* Values outside of QC l-imits.

h.da 1 nF 'lo,qre 
FORM vrrr sv-l

*Lffi#: #ffi#?c-$



8C
SEMIVOLAT]LE INTERNAL STANDARD AREA AND RT SL]MMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OL50

Cont. Calib. ID: CC02I6

Instrument ID: NT6

AREA #

Cl-ient: SAIC

Project: IRONDALE SEDIMENT QU

Date Analyzed: 02/16/09

Time Analyzed: 1055

12 HOUR STD
UPPER LIMIT
LOWER LIMIT

37L452
7 42904
I85726

RT#
13.99
74 .49

=!t==!t==

344512
689024
L72256

DTF +t
=======

t6-z+
1,8.74
17.74

AREA #

3549L1
'7 09834

===!!1:=?=

RT#
20 .35
20 .85
19.85

AREA

0l-
02
n?
n4
05
05
07
UtJ
no
10
11
72
13
I4
15
I5
I7
t-u
I9
20
21-
22

CLIENT SAIVIP.
NO.

OL5OMBS]-
OL5OLCSS]-
rD-108 -1,2-1,8
rD- 101 -8-r4-
rD-102-9-15-
rD- 100 -r5-21
rD- 100 -I5-27
rD- 100 -L5-2r
ID- OOO -MIX

38L844
402457
435015
444620
46L742
463242
480809
498654
445849

13 .99
13 .99
]-3.YY
14.01
L3.99
14.00
13 .99
14.01

3287 43
358832
378180
400338
41,9499
382283
3 80078
399r45
400488

]-8.23
78.23
78.25
16-26
18.30
L8.24
]-8.25
1,8 -25
1,8 -27

344s53
380327
3375L4
373478
339607
325367
333154
350898
3267L2

20.35
20.35
20.38
20 -39
zu -+a
20 .37
20 .37
20 .37
20 .40

rs4 (PHN)
IS5 (CRY)
IS5 (PRY)

= Phenanthrene-d10
= Chrvsene-d12
= Perllene-dl2

AREA UPPER LIMIT = +l-00? of internal st,andard area
AREA LOWER LIMIT = - 50? of internal standard area
RT UPPER LIMIT = + 0.50 minutes of internal standard RT
RT LOWER LIMIT = - 0.50 minutes of internal- standard RT

# Col-umn used to flag internal standard area values with an asterisk* Val-ues outside of QC l-imits.

1 ^t 1PqYs r v! ' 
"oRM 

vrrr sv-2

Fr.F 
-ffb 

. ,ft,tuffi.:FE-,ilE*ffiE#.ffiffiHj f .ffi



8C
SEM]VOLATILE INTERNAL STANDARD AREA AND RT SUMMARY

Lab Name: ANALYTICAL RESOURCES, INC

ARI Job No: OL50

Cont. Calib. fD: CC02L6

InstrumenL ID: NT5

CIient: SAIC

Project: IRONDALE SEDIMENT QU

DaLe Analyzed. 02/16/09

Time Analyzed: 1055

AREA #

5597 95
1119590

===?!?2??_=

544942
59629r
62L906
b5b+5u
548677
639]-94
634160
667895
6]-8473

RT#
19.51
20 .01
19.01

=======
19.51
19.51
79 -52
19.53
IY.5I
L9.52
79 -52
19.52
tY .5+

AREA # RT# AREA # RT#
============
12 HOUR STD
UPPER L]MIT
LOWER LIMIT

CLIENT SAMP.
NO.

OL5OMBSl
OL5OLCSSl
rD-t_08-12-18
ID-l_0r_-8-14-
ID-102-9-15-
rD- 100 -r5-27
rD- 100 -L5-2r
rD- 100 -15-2L
]D- OOO -MIX

01
uz
03
04
05
UO
07
UtJ
09
10
1t_
L2
t--1
I4
15
15
I7
l_t'
79
zv
2!
22

IS7 = Dl

AREA UPPER LIMIT
AREA LOWER LIMIT
RT UPPER LIMIT =
RT LOWER LfMIT =

# Col-umn used to
* Va]ues ouLside

-n-octylphLhalaLe - d4

= +100? of internal- standard area
50% of internal standard area

+ 0.50 minutes of internal standard RT
- 0.50 minutes of internal- standard RT

flag interna1 standard area values with an asterisk.
of QC limits.

page 10r t_

FORM VTTT SV-3

mE € ffi md*.*m'=ffL-,Pi--*1*;Etr.E' VJ-WDW-$ E \#
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Biological Testing of Sediment for Irondale
 

 
NEWFIELDS 1
 

1.0 INTRODUCTION 
NewFields conducted toxicity tests with sediment samples collected by Science Applications 
International Corporation (SAIC) in Irondale, Washington.  Biological effects were evaluated 
relative to the biological criteria defined in the Sediment Management Standards (SMS).  This 
report presents the results of the toxicity testing portion of the Irondale sediment investigation.   

2.0 METHODS 
This section summarizes the test methods that were followed for this biological characterization.  
Test methods followed guidance provided by the Puget Sound Estuary Program (PSEP 1995), 
the Washington State Department of Ecology (WDOE) Sediment Sampling and Analysis Plan 
Appendix (SSAPA; Ecology 2008), and the various updates presented during the Annual 
Sediment Management Review meetings (SMARM).  Sediment toxicity was evaluated using 
four standard PSEP bioassays: the 10-day amphipod test, the 20-day juvenile polychaete test, 
the benthic larval development test, and the Microtox® porewater test. NewFields performed the 
amphipod, juvenile polychaete and benthic larval tests.  The Microtox® test was performed by 
Nautilus Environmental LLC. 

2.1 SAMPLE AND ANIMAL RECEIPT 
Nine test sediments and two reference sediments were received by NewFields on January 9 
and 29, 2008. Sediment samples were stored in a walk-in cold room at 4 ± 2ºC in the dark. Test 
sediment was not sieved prior to testing.  All tests were conducted within the eight week holding 
time.  

Amphipods (Eohaustorius estuarius) were supplied by Northwest Aquatic Sciences in Newport, 
Oregon. Animals were held in native sediment at 15°C prior to test initiation. Juvenile 
polychaete worms (Neanthes arenaceodentata) were supplied by Donald Reish, Ph.D., Long 
Beach, California. Juvenile polychaetes were held in seawater at 20°C (Neanthes were cultured 
in water-only and were not held in sediment prior to testing). Mytilus galloprovincialis (mussel) 
broodstock were provided by Carlsbad Aquafarms in Carlsbad, California. Broodstock were held 
in unfiltered seawater at 16°C prior to spawning.  

Native E. estuarius sediment from Yaquina Bay, Oregon was provided by Northwest Aquatic 
Sciences for use as control sediment treatments for the amphipod and juvenile polychaete tests.    

2.2 ULTRA-VIOLET LIGHT EXPOSURE 
Test sediment samples were exposed to ultra-violet (UV) light during the entire test exposure 
(except Microtox).  The UV light regime followed guidance provided by Sub-Appendix D and in 
consultation with Ecology. UV light was provided by a fluorescent light ballast containing one 
Duro-Test Vita-Lite® (40W, 5500°K, 91 CRI) fluorescent bulb and one standard fluorescent bulb 
(Phillips F40CW).  The UV bulbs were placed within 12” above the sediment surface.  All test 
chambers were left uncovered to prevent any UV loss. Tests were conducted on water-tables to 
ensure that the additional lighting did not alter water temperatures in the test chambers.  

2.3 10-DAY AMPHIPOD BIOASSAY 
The 10-day acute toxicity test with E. estuarius was initiated on February 10, 2009.  To prepare 
the test exposures, approximately 175 mL of sediment was placed in clean, acid and solvent-
rinsed 1-L glass jars, which were then filled with 775 mL of 0.45-µm filtered seawater at 28 ppt.  
Seven replicate chambers were prepared for each test treatment, the two reference sediments, 
and the native control sediment. The control and reference sediments were tested with the test 
treatments. Five replicates were used to evaluate sediment toxicity while the remaining two 
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replicates were designated as sacrificial surrogate chambers. One surrogate chamber was 
sacrificed at test initiation to measure overlying and interstitial ammonia and sulfides. The 
remaining surrogate chamber was used for measuring daily water quality throughout the test, as 
well as overlying and interstitial ammonia and sulfides at test termination. Total ammonia as 
nitrogen was monitored using an Orion meter fitted with an ammonia ion-specific probe. Total 
sulfides as S2- were monitored using a HACH DR/4000V Spectrophotometer. 

Test chambers were placed in randomly assigned positions in a 15°C water bath and allowed to 
equilibrate overnight. Trickle-flow aeration was provided to prevent dissolved oxygen 
concentrations from dropping below acceptable levels.  

Immediately prior to test initiation, water quality parameters were measured in the surrogate 
chamber for each treatment.  Dissolved oxygen (DO), temperature, pH, and salinity were then 
monitored in the surrogate chambers daily until test termination.  Target test parameters were:  

Dissolved Oxygen: ≥5 mg/L 
pH:   7.8 ± 0.5 units 
Temperature:  15 ± 1°C 
Salinity:  28 ± 1‰ 

The tests were initiated by randomly allocating 20 E. estuarius into each test chamber, ensuring 
that each of the amphipods successfully buried into the sediment.  Amphipods that did not bury 
within approximately one hour were replaced with healthy amphipods.  The 10-day amphipod 
bioassay was conducted as a static test with no feeding during the exposure period.  At test 
termination, sediment from each test chamber was sieved through a 0.5-mm screen and all 
recovered amphipods transferred into a Petri dish.  A water-only, 4-day reference-toxicant test 
was conducted concurrently with the sediment test, using cadmium chloride.  The cadmium 
reference-toxicant test was used to ensure animals used in the test were healthy and of similar 
sensitivity to prior tests.   

2.4 20-DAY JUVENILE POLYCHAETE BIOASSAY 
The 20-day chronic toxicity test with N. arenaceodentata was initiated on February 12, 2009. 
Test exposures were prepared with approximately 175 mL of sediment placed in clean, acid and 
solvent-rinsed 1-L glass jars, which were then filled with 775 mL of 0.45-µm filtered seawater at 
28 ppt. Seven replicate chambers were prepared for each test treatment, the two reference 
sediments, and control sediment.  Five replicates were used to evaluate sediment toxicity while 
the remaining two replicates were designated as sacrificial surrogate chambers. One surrogate 
chamber was sacrificed at test initiation to measure overlying and interstitial ammonia and 
sulfides. The remaining surrogate chamber was used for measuring daily water quality 
throughout the test, as well as overlying and interstitial ammonia and sulfides at test termination.  
Total ammonia as nitrogen was monitored using an Orion meter fitted with an ammonia ion-
specific probe. Total sulfides as S2- were monitored using a HACH DR/4000V 
Spectrophotometer.  

Test chambers were placed in randomly assigned positions in a water bath at 20°C and allowed 
to equilibrate overnight. Trickle-flow aeration was provided to prevent dissolved oxygen concen-
trations from dropping below acceptable levels.   

Immediately prior to test initiation, water quality parameters were measured.  Dissolved oxygen, 
temperature, pH, and salinity were then monitored in the surrogates daily until test termination.  
Target test parameters were: 
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Dissolved Oxygen: ≥5.5 mg/L 
pH:   7.8 ± 0.5 units 
Temperature:  20 ± 1°C 
Salinity:  28 ± 2‰ 

 

The juvenile polychaete test was initiated by randomly allocating five N. arenaceodentata into 
each test chamber, and observing whether each of the worms successfully buried into the 
sediment.  Worms that did not bury within approximately one hour were replaced with healthy 
worms. The 20-day test was conducted as a static-renewal test, with exchanges of 300 mL of 
water occurring every third day. N. arenaceodentata were fed every other day with 40 mg of 
TetraMarin® (approximately 8 mg dry weight per worm). At test termination, sediment from each 
test chamber was sieved through a 0.5-mm screen and all recovered worms transferred into a 
Petri dish. The number of surviving and dead worms was determined.  All surviving worms were 
then transferred to pre-weighed, aluminum foil weigh-boats, and then dried in a drying oven at 
60°C for approximately 24 hours.  Each weigh-boat was removed, cooled in a dessicator, and 
then weighed on a microbalance to 0.01 mg. A water-only, 4-day reference-toxicant test was 
conducted concurrently with the sediment test, using cadmium chloride. The cadmium 
reference-toxicant test was used to ensure animals used in the test were healthy and of similar 
sensitivity to prior tests.   

2.5 LARVAL DEVELOPMENTAL BIOASSAY  
Test sediment was evaluated using the benthic larval development test with the mussel, Mytilus 
galloprovincialis.  The mussel larval test was initiated on February 13, 2009. A sea water control 
and the two reference sediments were tested with the test treatments.  To prepare the test 
exposures, 18 g (±1 g) of test sediment were placed in clean, acid and solvent-rinsed 1-L glass 
jars, which were then filled to 900 mL with 0.45-µm of filtered seawater. Six replicate chambers 
were prepared for each test treatment and the two reference sediments. The six control 
chambers contained filtered seawater without sediment.  Five of the replicates were used to 
evaluate the test; the sixth replicate was used as a water quality surrogate. Each chamber was 
shaken for 10 seconds and then placed in predetermined randomly-assigned positions in a 
water bath at 16°C.   

To collect gametes for each test, mussels were placed in clean seawater and acclimated at 
12°C for approximately 20 minutes. The water bath temperature was then increased over a 
period of 15 minutes to 20°C. Mussels were held at 20°C and monitored for spawning 
individuals. Spawning females and males were removed from the water bath and placed in 
individual containers with seawater. These individuals were allowed to spawn until sufficient 
gametes were available to initiate the test. After the spawning period, eggs are transferred to 
fresh seawater and filtered through a .5 mm Nitex® mesh screen to remove large debris, feces, 
and excess gonadal matter. A composite is made of the sperm and diluted with fresh seawater. 
The fertilization process was initiated by adding sperm to the isolated egg containers. Egg-
sperm solutions were periodically homogenized with a perforated plunger during the fertilization 
process and sub-samples observed under the microscope for egg and sperm viability. 
Approximately one to one and a half hours after fertilization, embryo solutions were checked for 
fertilization rate. Only those embryo stocks with >90% fertilization were used to initiate the tests.  
Embryo solutions were rinsed free of excess sperm and then combined to create one embryo 
stock solution. Density of the embryo stock solution was determined by counting the number of 
embryos in a subsample of homogenized stock solution. This was used to determine the volume 
of embryo stock solution to deliver approximately 27,000 embryos to each test chamber. 
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Dissolved oxygen, temperature, pH, and salinity were monitored daily in water quality 
surrogates to prevent loss or transfer of larvae by adhesion to water-quality probes.  Overlying 
water ammonia and sulfides were measured at test initiation and termination. Total ammonia as 
nitrogen was monitored using an Orion meter fitted with an ammonia ion-specific probe. Total 
sulfides as S2- were monitored using a HACH DR/4000V Spectrophotometer. Target test 
parameters were as follows: 

Dissolved Oxygen: ≥5.0 mg/L 
pH:   7.8 ± 0.5 units 
Temperature:  16 ± 1°C 
Salinity:  28 ± 1‰ 

The development test was conducted as a static test without aeration. Protocol calls for test 
termination when 95% of the embryos in the control have reached the prodissoconch I stage 
(approximately 48-60 hours). At termination, the overlying seawater was decanted into a clean 
1-L jar and mixed with a perforated plunger.  From this container, a 10 mL subsample was 
transferred to a scintillation vial and preserved in 5% buffered formalin.  Larvae were 
subsequently stained with a dilute solution of Rose Bengal in 70% alcohol to help visualization 
of larvae.  The number of normal and abnormal larvae was enumerated on an inverted 
microscope.  Normal larvae included all D-shaped prodissoconch I stage larvae. Abnormal 
larvae included abnormally shaped prodissoconch I larvae and all early stage larvae. A water-
only reference-toxicant test with copper sulfate was conducted concurrently with the sediment 
test.  

2.6 MICROTOX® TEST 
The Microtox® test was performed by Nautilus Environmental LLC. The Microtox test exposed 
the luminescent marine bacterium Vibrio fischeri to porewater extracted from test sediments.  
Bacterial light output was measured using the Microtox Model 500 Analyzer at 5 and 15 minutes 
of exposure. Light output from the test porewater was compared to that of the reference 
treatments at both time intervals. A complete description of the Microtox test methods is 
presented in Appendix A. 

2.7 DATA ANALYSIS AND QA/QC 
All water quality and endpoint data were entered into Excel spreadsheets. Water quality 
parameters were summarized by calculating the mean, minimum, and maximum values for each 
test treatment. Endpoint data were calculated for each replicate and mean values and standard 
deviations were determined for each test treatment.   

All hand-entered data was reviewed for data entry errors, which were corrected prior to 
summary calculations.  A minimum of 10% of all calculations and data sorting were reviewed for 
errors.  Review counts were conducted on any apparent outliers.  

For the larval test, the normalized combined mortality and abnormality endpoint was used to 
evaluate the test sediment. This was based on the number of normal larvae in the treatment and 
reference divided by the number of normal larvae in the control, as defined in Ecology (2005). 

For SMS suitability determinations, comparisons were made according to SSAPA (Ecology 
2008) and Fox et al. (1998). Data reported as percent mortality or survival were transformed 
using an arcsine square root transformation prior to statistical analysis. All data were tested for 
normality using the Wilk-Shapiro test and equality of variance using Levene’s test. 
Determinations of statistical significance were based on one-tailed Student’s t-tests with an 
alpha of 0.05. A comparison of the larval endpoint, relative to the reference was made using an 
alpha level of 0.10. For samples failing to meet assumptions of normality, a Mann-Whitney test 
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was conducted to determine significance. For those samples failing to meet the assumptions of 
normality and equality of variance, a t-test on rankits was used. 

3.0 RESULTS 
The results of the sediment testing, including a summary of test results and water quality 
observations are presented in this section. Data for each of the replicates, as well as laboratory 
bench sheets are provided in Appendix B and statistical analyses are provided in Appendix C.   

3.1 10-DAY AMPHIPOD BIOASSAY 
A summary of test conditions is shown in Table 1, E. estuarius survival is presented in Table 2, 
and a summary of water quality observations is presented in Table 3. Mean survival in the 
control was 100%, above the 90% acceptance criterion. This indicates that the test conditions 
were suitable for adequate amphipod survival. The LC50 for the cadmium reference-toxicant test 
was 6.3 mg Cd/L, which is within the control chart limits of 4.6 to 12.7 mg Cd/L,. This indicates 
that the test organisms used in this study were of similar sensitivity to those previously tested at 
NewFields. Temperature, dissolved oxygen, salinity, and pH measurements were within 
acceptable limits throughout the test. Initial and final overlying and interstitial ammonia and 
sulfides were all below NOEC levels. 

Mean mortality in the reference treatments were 10% (SB-Ref-ID01) and 4% (SB-Ref-ID02) 
which met the SMS performance criteria (<25% mortality) and indicated that the reference 
sediment was acceptable for suitability determination. Mean percentage survival in the test 
treatments ranged between 15% and 99%.  
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Table 1. Test Condition Summary for Eohaustorius estuarius. 
Sample Identification SB-Ref-ID01, SB-Ref-ID02, ID-100, ID-101, ID-102, ID-108, ID-000-MIX 
Date sampled January 8 and January 29, 2009 
Date received January 9, 2009 and January 29, 2009 
Sample storage conditions 4°C, dark 
Weeks of holding 5 weeks 
Source of control sediment Northwest Aquatic Sciences (Yaquina Bay) 
Test Species E. estuarius 
Supplier Northwest Aquatic Sciences 
Date acquired February 5, 2009 
Acclimation/holding time 5 days 
Age class 3-5 mm 
Test Procedures PSEP 1995 with SMARM revisions 
Regulatory Program SMS 
Test location NewFields Northwest Laboratory 
Test type/duration 10-Day static  
Test dates February 10 -20, 2009 
Control water 0.45 µm-filtered North Hood Canal sea water 
Test temperature Recommended: 15 ± 1 °C Achieved: 15.3 – 16.4 °C 
Test Salinity Recommended: 28 ± 2 ppt Achieved:  26-29 ppt  
Test dissolved oxygen Recommended: > 5 mg/L Achieved:  6.7-8.7 mg/L 
Test pH Recommended: 7.8 ± 0.5 Achieved:  7.6-8.3 
SMS control performance 
standard Recommended:  Control < 10% mortality Achieved: 0% 

SMS reference 
performance standard Recommended:  Reference mortality < 25%  

Achieved: 10% SB-REF-
ID01;  
4% SB-REF-ID02 

SMS pass/fail SQS Treatment – Reference < 25% mortality = PASS Fail: ID-000-Mix 
SMS pass/fail CSL Treatment – Reference < 30% mortality = PASS Fail: ID-000-Mix 
Reference Toxicant LC50 6.3 mg/L 
Acceptable Range 4.6 – 12.7 mg/L 
Test Lighting Continuous 
Test chamber  1-Liter Glass Chamber 
Replicates/treatment 5 + 2 surrogates (one that is used for WQ measurements throughout the test) 
Organisms/replicate 20 
Exposure volume 175 mL sediment/ 775 mL water 
Feeding None 
Water renewal None 
Deviations from Test 
Protocol None 
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Table 2. Test Results for Eohaustorius estuarius. 
Eohaustorius estuarius 

Treatment 
Mean survival (%) Mean mortality (%) Standard Deviation 

Control 100 0 0.0 

SB-REF-ID01 90 10 7.9 

SB-REF-ID02 96 4 5.5 

ID-100 98 2 2.7 

ID-101 97 3 4.5 

ID-102 92 8 7.6 

ID-108 99 1 2.2 

ID-000-MIX 15 85 11.7 

 
Table 3. Water Quality Summary for Eohaustorius estuarius. 

Dissolved Oxygen 
(mg/L) Temperature  (°C) Salinity (ppt) pH (units) 

Treatment 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 
Control 8.2 7.7 8.4 15.6 15.4 15.9 28.0 28 28 7.9 7.7 8.3 

SB-REF-ID01 8.2 7.6 8.5 15.5 15.4 15.7 28.5 28 29 8.1 7.9 8.3 

SB-REF-ID02 8.1 7.6 8.5 15.5 15.3 15.7 28.4 28 29 8.1 7.8 8.3 

ID-100 8.1 7.6 8.5 15.6 15.3 15.9 27.9 27 28 8.0 7.8 8.2 

ID-101 8.0 7.0 8.3 15.5 15.3 15.8 27.0 27 27 8.0 7.8 8.2 

ID-102 8.2 7.5 8.7 15.7 15.3 16.4 27.5 27 28 8.0 7.8 8.2 

ID-108 8.2 7.6 8.4 15.5 15.3 15.7 26.9 26 27 8.0 7.6 8.2 

ID-000-MIX 7.5 6.7 8.2 15.6 15.3 16 27.1 27 28 8.0 7.8 8.1 

 

3.2 20-DAY JUVENILE POLYCHAETE BIOASSAY  
A summary of N. arenaceodentata test conditions is shown in Table 4. Summaries of test 
endpoints and water quality measurements are included as Tables 5 and 6.  No mortality was 
observed in the N. arenaceodentata control sediment and mean individual growth (MIG) in the 
control sediment was 0.86 mg/ind/day. This value falls within the test acceptability criteria of 
<10% mean mortality and ≥0.38 mg/ind/day mean individual growth (Kendall 1996), indicating 
that the test conditions were suitable for adequate polychaete survival and growth.  

The LC50 value for the cadmium chloride reference-toxicant test was 9.9 mg/L. This value was 
within the control chart limits of 2.9 – 17.3 mg/L. This indicates that the test organisms used in 
this study were of similar sensitivity to those previously tested at NewFields.  

Overlying and interstitial water sulfide measurements were all less than NOEC level (3.47 mg/L; 
Kendall and Barton 2004). All except SB-Ref-ID02 had ammonia levels below the NOEC (10 
mg/L total ammonia) in the interstitial water at test initiation. The initial porewater measurement 
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for SB-Ref-ID02 for ammonia was 13.8 mg/L, and the final measurement was 0.92 mg/LThe 
higher level of ammonia at test initiation does not appear to have affected the treatment 
performance as indicated by the high survival and growth rate observed.   

The recommended SMS performance standard (Ecology 2008) to qualify a reference sample as 
suitable states that the mean individual growth for the reference sample relative to the control 
should be greater than 80% of the control. Since both reference samples had greater mean 
individual growth rates they are acceptable for suitability determinations. Mean individual growth 
for all control, references, and test sediments are shown in Table 5. Survival in the test 
treatments ranged from 92 to 100%; MIG in the test treatments ranged from 0.56 to 0.77 
mg/ind/day. 
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Table 4.  Test Condition Summary for Neanthes arenaceodentata. 
Sample Identification SB-Ref-ID01, SB-Ref-ID02, ID-100, ID-101, ID-102, ID-108, ID-000-MIX 
Date sampled January 8 and January 29, 2009 
Date received  January 9, 2009 and January 29, 2009 
Sample storage conditions 4°C, dark 
Weeks of holding 5 weeks 
Source of control sediment  Northwest Aquatic Sciences (Yaquina Bay) 
Test Species N. arenaceodentata 
Supplier Don Reish/ CalState Long Beach 
Date acquired February 5, 2009 
Acclimation/holding time 7 days 
Age class  Juvenile 
Test Procedures PSEP 1995 with SMARM revisions 
Regulatory Program SMS 
Test location NewFields Northwest Laboratory 
Test type/duration 20-Day static renewal 
Test dates February 12 to March 4, 2009 
Control water 0.45 µm-filtered North Hood Canal sea water 
Test temperature Recommended: 20 ± 1 °C Achieved: 19.3 – 21.1  °C 
Test Salinity Recommended: 28 ± 2 ppt Achieved: 26 – 32 ppt 
Test dissolved oxygen Recommended: > 6.0 mg/L Achieved: 6.1 – 7.8 mg/L 
Test pH Recommended: 8.0 ± 1.0 Achieved: 7.4 – 8.2 

Initial biomass Recommended:  0.5 – 1.0 mg DW 
Minimum:  0.25 mg DW Achieved: 1.32mg DW 

Recommended:   
Control < 10% mortality Achieved: 0% mortality 

SMS control performance 
standard Recommended:   

Growth (MIG) > 0.72 mg/ind/day 
Minimum: MIG > 0.38 mg/ind/day 

Achieved: 0.86 mg/ind/day 

SMS reference performance 
standard 

Recommended:   
Reference MIG/Control MIG > 80% 

Achieved:SB-Ref-ID01=  
115%, SB-Ref-ID02= 116% 
 

SMS pass/fail SQS Treatment growth/Reference growth > 70% 
= PASS ID-000-MIX failed SQS 

SMS pass/fail CSL Treatment growth/Reference growth >50% 
= PASS All Pass 

Reference Toxicant LC50 9.9 mg/L 
Acceptable Range 2.9 – 17.3 mg/L 
Test Lighting Continuous 
Test chamber  1-Liter Glass Chamber 
Replicates/treatment 5 + 2 surrogates (one that is used for WQ measurements throughout the test) 
Organisms/replicate 5 
Exposure volume 175 mL sediment/ 950 mL water 
Feeding 40 mg/jar every other day 
Water renewal Water is renewed every third day (1/3 volume of exposure chamber) 
Deviations from Test Protocol Salinity slightly above recommended range in some treatments 
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Table 5. Test Results for Neanthes  arenaceodentata. 

Treatment Mean Percent 
Survival Standard Deviation

Mean Individial 
Growth Rate 
(mg/ind/d) 

Standard Deviation

Control 100 0.0 0.858 0.1 

SB-REF-ID01 100 0.0 0.986 0.1 

SB-REF-ID02 100 0.0 0.992 0.2 

ID-100 96 8.9 0.721 0.1 

ID-101 100 0.0 0.767 0.1 

ID-102 92 11.0 0.736 0.1 

ID-108 100 0.0 0.748 0.1 

ID-000-MIX 92 11.0 0.563 0.1 

 
Table 6. Water Quality Summary for Neanthes  arenaceodentata. 

Dissolved Oxygen 
(mg/L) Temperature  (°C) pH (units) Salinity (ppt) 

Treatment 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 7.3 7.0 7.8 20.1 19.3 20.7 7.7 7.4 8.0 29.8 27 31 

SB-REF-ID01 7.2 6.6 7.6 20.4 19.6 21.1 7.9 7.6 8.1 29.5 27 31 

SB-REF-ID02 7.3 6.5 7.6 20.4 19.7 21.1 8.0 7.8 8.2 30.1 27 31 

ID-100 7.2 6.8 7.6 20.3 19.6 21.0 7.8 7.5 8.0 29.5 27 31 

ID-101 7.2 6.7 7.7 20.2 19.5 20.9 7.7 7.5 8.0 29.1 27 30 

ID-102 7.2 6.8 7.6 20.4 19.7 21.1 8.0 7.6 8.2 29.7 27 31 

ID-108 7.2 6.8 7.8 20.4 19.6 21.1 7.9 7.6 8.1 29.9 26 32 

ID-000-MIX 6.7 6.1 7.5 20.5 19.9 21.1 7.9 7.6 8.0 29.1 26 30 

 

3.3 LARVAL DEVELOPMENT BIOASSAY   
Test conditions for the larval development bioassay are shown in Table 7, a summary of the test 
results from the mussel larvae test is presented in Table 8 and a summary of water quality 
observations is shown in Table 9. The larval test was validated by 4.9% mean combined 
mortality in the control treatment, within the acceptability criteria of <30%. Water quality 
parameters remained within the target limits throughout the 61-hour test. Ammonia and sulfide 
values detected in the test chambers were below the NOEC values for M. galloprovincialis.  

The EC50 for the copper reference-toxicant test for combined proportion normal was 11.3 
µg Cu/L, within the control chart limits (3.9 to 16.7 µg Cu/L). The results of the reference-
toxicant test indicate that the test organisms used in this study were similar in sensitivity to 
those previously tested at NewFields.   
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Mean control-normalized normal survivals in the reference sediments were 84% in SB-Ref-ID01 
and 89% in SB-Ref-ID02, indicating the references were suitable for comparisons against 
treatment performances.  Survival in test sediments ranged from 11 - 99%. 
Table 7. Test Condition Summary for Mytilus galloprovincialis. 
Sample Identification SB-Ref-ID01, SB-Ref-ID02, ID-100, ID-101, ID-102, ID-108, ID-000-MIX 
Date sampled January 8 and January 29, 2009 
Date received  January 9, 2009 and January 29, 2009 
Sample storage conditions 4°C, dark 
Weeks of holding 5 weeks 
Test Species Mytilus galloprovenciallis. 
Supplier Carlsbad Aquafarms 
Date acquired February 13, 2009 
Acclimation/holding time NA 
Age class  <2-h old embryos 
Test Procedures PSEP 1995 with SMARM revisions 
Regulatory Program SMS 
Test location NewFields Northwest Laboratory 
Test type/duration 48-96 Hour static test 
Test dates February 13 – 16, 2009; – 61 hours 
Control water 0.45 µm-filtered North Hood Canal sea water 
Test temperature Recommended: 16 ± 1 °C Achieved: 15.2-16.7 °C 
Test Salinity Recommended: 28 ± 2 ppt Achieved: 27-28 ppt 
Test dissolved oxygen Recommended: > 5.0 mg/L Achieved: 6.9- 9.3 mg/L 
Test pH Recommended: 7.8 ± 0.5 Achieved: 7.3-8.0 

Stocking Density Recommended:  20 – 30 embryos/mL Achieved: 25.0 
embryos/mL 

SMS control performance standard Recommended:   
Control normal survival > 70% Achieved: 95.8% 

SMS reference performance standard Recommended:   
Reference survival/Control survival > 65% 

Achieved: SB-Ref-ID01 
84.4%, SB-Ref-ID02 
88.5% 

SMS pass/fail SQS 
(Treatment normal/Control Normal)/ (Reference 
normal/ Control Normal)  
> 0.85  = PASS 

 ID-100 Pass 

SMS pass/fail CSL 
(Treatment normal/Control Normal)/ (Reference 
normal/ Control Normal)  
> 0.70 = PASS 

ID-100, ID-102, and ID-
108 Pass 

Reference Toxicant LC50 11.3 ug/L 
Acceptable Range 3.9 – 16.7ug/L 
Test Lighting 14 light:10 Dark 
Test chamber  1-Liter Glass Chamber 
Replicates/treatment 5 + 1 surrogate (used for WQ measurements throughout the test) 
Exposure volume 18 g sediment/ 900 mL water 
Feeding None 
Water renewal None 
Deviations from Test Protocol None 
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Table 8. Test Results for Mytilus galloprovincialis. 

Treatment Mean Normal Survivorship Standard Deviation 

Control 95.8 4.9 

SB-REF-ID01 84.4 7.6 

SB-REF-ID02 88.5 7.0 

ID-100 99.1 4.9 

ID-101 11.0 2.6 

ID-102 73.9 11.6 

ID-108 79.7 1.4 

ID-000-MIX 60.3 11.0 
 
Table 9. Water Quality Summary for Mytilus galloprovincialis. 

Dissolved Oxygen 
(mg/L) Temperature  (°C) pH (units) Salinity (ppt) 

Treatment 

Mean Min Max Mean Min Max Mean Min Max Mean Min Max 

Control 8.0 7.7 8.2 15.9 15.7 16.2 7.6 7.3 7.9 27.3 27 28 

SB-REF-ID01 7.5 6.9 8.1 16 15.4 16.6 7.8 7.6 7.8 27.3 27 28 

SB-REF-ID02 8.1 7.1 9.3 15.8 15.4 16.3 7.9 7.8 8.0 27.3 27 28 

ID-100 7.7 7.1 80 15.8 15.5 16 7.9 7.8 7.9 27.3 27 28 

ID-101 7.5 7.0 7.9 15.8 15.2 16.5 7.8 7.5 7.9 27.3 27 28 

ID-102 7.6 7.2 7.8 15.9 15.5 16.7 7.8 7.7 7.9 27.3 27 28 

ID-108 7.7 7.1 8.1 15.9 15.4 16.7 7.9 7.8 7.9 27.3 27 28 

ID-000-MIX 7.6 7.1 7.9 15.9 15.4 16.7 7.8 7.8 7.9 27 27 27 

 

4.0 DISCUSSION 
Sediments were evaluated based on Sediment Management Standards (SMS) criteria. The 
biological criteria are based on both statistical significance (a statistical comparison) and the 
degree of biological response (a numerical comparison). The SMS criteria are derived from the 
Washington Department of Ecology Sampling and Analysis Plan Appendix (WDOE 2008). 
Comparisons were made for each treatment against each of the reference samples. Two 
numerical comparisons were made under SMS, the Sediment Quality Standards (SQS) and the 
Cleanup Standards Limit (CSL).  

4.1 AMPHIPOD TEST SUITABILITY DETERMINATION 
Under the SMS program, a test treatment will fail SQS if mean mortality in the test treatment is 
>25% more than the mean mortality in the appropriate reference sediment and the difference is 
statistically significant (p ≤ 0.05). Treatments fail the CSL if mean mortality in the test treatment 
>30% relative to the reference sediment and the difference is statistically significant. 
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All test treatments met the SQS and CSL criteria for E. estuarius except for ID-000-Mix, which 
had significantly higher mortality than both reference samples and did not meet either SMS or 
CSL criteria (Table 10).  
 
Table 10. SMS Comparison for Eohaustorius estuarius. 

Treatment Mean Mortality 
(%) 

Statistically  
higher than    
SB-Ref-ID01 

MT-MR 
Statistically  
higher than    
SB-Ref-ID02 

MT-MR Fails 
SQS? 

Fails     
CSL? 

Control 0 

SB-REF-ID01 10 

SB-REF-ID02 4 

 
 
 
 

ID-100 2 No -8 No -2 No No 

ID-101 3 No -7 No -1 No No 

ID-102 8 No -2 No 4 No No 

ID-108 1 No -9 No -3 No No 

ID-000-MIX 85 Yes 75 Yes 81 Yes Yes 

SQS: Statistical Significance; MT-MR >25% 
CSL: Statistical Significance; MT-MR >30% 

4.2 JUVENILE POLYCHAETE TEST SUITABILITY DETERMINATION 
Juvenile polychaete test treatments fail to meet SQS criteria when the mean individual growth 
rate (MIG) in the test sediment is less than 70% of the mean individual growth in the reference 
sediment and the comparison is statistically significant (p ≤ 0.05).  The CSL criteria state that 
the test treatment fails if mean individual growth in the test sediment is less than 50% of mean 
individual growth in the reference and is statistically significant. 

All test treatments were significantly less than both reference samples, but only treatment ID-
000-Mix failed to meet SQS criteria (Table 11- 12). 
 
Table 11. SMS Comparison for Neanthes arenaceodentata using SB-Ref-ID01. 

Treatment 
Mean Individial 

Growth Rate 
(mg/ind/d) 

Significanly less 
than SB-Ref-ID01 MIGT/ MIGR Fails SQS? Fails CSL? 

Control 0.858 

SB-REF-ID01 0.986 

SB-REF-ID02 0.992 

 
 
 
 

ID-100 0.721 Yes 0.731 No No 

ID-101 0.767 Yes 0.778 No No 

ID-102 0.736 Yes 0.746 No No 

ID-108 0.748 Yes 0.758 No No 

ID-000-MIX 0.563 Yes 0.571 Yes No 
SQS: Statistical Significance and MIGT / MIGR <70% 
CSL: Statistical Significance and MIGT / MIGR <50% 
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Table 12. SMS Comparison for Neanthes arenaceodentata using SB-Ref-ID02. 

Treatment 
Mean Individial 

Growth Rate 
(mg/ind/d) 

Significanly less 
than SB-Ref-ID02 MIGT/ MIGR Fails SQS? Fails CSL? 

Control 0.858 

SB-REF-ID01 0.986 

SB-REF-ID02 0.992 

 

ID-100 0.721 Yes 0.727 No No 

ID-101 0.767 Yes 0.773 No No 

ID-102 0.736 Yes 0.742 No No 

ID-108 0.748 Yes 0.754 No No 

ID-000-MIX 0.563 Yes 0.568 Yes No 
SQS: Statistical Significance and MIGT / MIGR <70% 
CSL: Statistical Significance and MIGT / MIGR <50% 

4.3 LARVAL TEST SUITABILITY DETERMINATION 
Larval test treatments fail SQS criteria if the percentage of normal larvae in the test treatment is 
significantly lower (p ≤ 0.1) than that of the reference and if the normal larval development in the 
test treatment is less than 85% of the normal development in the reference. Treatments fail CSL 
criteria if the normal development is less than 70% of the response observed in the reference 
and if the difference is statistically significant. 

When compared to SB-Ref-ID01, ID-100 and ID-108 were not significantly different and 
therefore met SMS criteria. ID-101, 102 and 000-Mix were significantly less than SB-Ref-ID01 
but only ID-101 and 000-Mix fail SQS with ID-101 also failing CSL (Table 13). In comparison to 
SB-Ref-ID02, only ID-100 did not have significantly less normal survival. ID-101 and 000-Mix 
failed to meet both SQS and CSL criteria while ID-102 was slightly under SQS standards. ID-
108 was significantly less than SB-Ref-ID02, but met both SMS criteria (Table 14). 
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Table 13. SMS Comparison for Mytilus galloprovincialis. using SB-Ref-ID01. 

Treatment Percent Normal Statistically less than 
SB-Ref-ID01 

Normal survival 
comparison to SB-

Ref-ID01 
(NT/NC)/(NR/NC) 

Fails SQS? Fails CSL? 

Control 95.1 

SB-REF-ID01 84.4 

SB-REF-ID02 88.5 

 

ID-100 95.7 No 1.13 No No 

ID-101 11.0 Yes 0.13 Yes Yes 

ID-102 73.9 Yes 0.88 No No 

ID-108 79.7 No 0.94 No No 

ID-000-MIX 60.3 Yes 0.71 Yes No 

SQS: Statistical Significance; NCT<0.85*NCR 
CSL: Statistical Significance; NCT<0.70*NCR 

 
 
Table 14. SMS Comparison for Mytilus galloprovincialis. using SB-Ref-ID02. 

Treatment Percent 
Normal 

Statistically less 
than SB-Ref-ID02 

Normal survival 
comparison to SB-Ref-

ID01 (NT/NC)/(NR/NC) 
Fails SQS? Fails CSL?

Control 95.1 

SB-REF-ID01 84.4 

SB-REF-ID02 88.5 

 

ID-100 95.7 No 1.08 No No 

ID-101 11.0 Yes 0.12 Yes Yes 

ID-102 73.9 Yes 0.84 Yes No 

ID-108 79.7 Yes 0.90 No No 

ID-000-MIX 60.3 Yes 0.68 Yes Yes 
SQS: Statistical Significance; NCT<0.85*NCR 
CSL: Statistical Significance; NCT<0.70*NCR 
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5.0 CONCLUSION 
Three samples failed to meet SQS or CSL performance criteria for one or more of the toxicity tests performed on the Irondale 
sediments (Table 15). Treatments ID-100 and ID-108 met all SQS and CSL criteria. Treatment ID-101 failed both criteria for the 
larval development test when compared to both reference sediments. Treatment ID-102 failed to meet only the SQS criterion in 
comparison to the reference sediment SB-Ref-ID02. Treatment ID-000-Mix had the lowest overall performance, failing to meet the 
SQS performance criteria for the amphipod, the juvenile polychaete, and the larval development test when compared to both 
reference sediments. In addition, treatment ID-000-Mix also failed to meet the CSL performance criteria for the amphipod test 
(against both references) and the larval development test (against SB-Ref-ID02 only). 
 
Table 15. Treatment failures compared to Reference 

Sediment Quality Standards Cleanup Screening Levels 

Amphipod Polychaete Larval Amphipod Polychaete Larval Treatment 
SB-Ref-

ID01 
SB-Ref-

ID02 
SB-Ref-

ID01 
SB-Ref-

ID02 
SB-Ref-

ID01 
SB-Ref-

ID02 

Microtox®
SB-Ref-

ID01 
SB-Ref-

ID02 
SB-Ref-

ID01 
SB-Ref-

ID02 
SB-Ref-

ID01 
SB-Ref-

ID02 

ID-100              

ID-101     X X      X X 

ID-102      X        

ID-108              

ID-000-MIX X X X X X X  X X    X 

X= does not meet criterion 
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NewFields Laboratory Bench Sheets 

















































































































Appendix  C.   

Statistical Analyses 



One-Tailed T-test Result Summary

Test Endpoint Treatment Comparison
Probability 

Normal
Probability 

Homogeneous Test Type
Test 

Probability Significant? One-Tail Comparison
Eohaustorius Percent Mortality SB-REF-ID01 Control 0.044 0.016 Rankit Unequal Var 0.014 Yes Treatment > Comparison
Eohaustorius Percent Mortality SB-REF-ID02 Control 0.022 0.000 Rankit Unequal Var 0.089 Treatment <= Comparison
Eohaustorius Percent Mortality ID-000-MIX SB-REF-ID01 0.247 0.909 T-test Equal Var 0.000 Yes Treatment > Comparison
Eohaustorius Percent Mortality ID-100 SB-REF-ID01 0.282 0.572 T-test Equal Var 0.957 Treatment <= Comparison
Eohaustorius Percent Mortality ID-101 SB-REF-ID01 0.513 0.939 T-test Equal Var 0.928 Treatment <= Comparison
Eohaustorius Percent Mortality ID-102 SB-REF-ID01 0.475 0.781 T-test Equal Var 0.618 Treatment <= Comparison
Eohaustorius Percent Mortality ID-108 SB-REF-ID01 0.138 0.260 T-test Equal Var 0.983 Treatment <= Comparison
Eohaustorius Percent Mortality ID-000-MIX SB-REF-ID02 0.031 0.659 Mann-Whitney 0.016 Yes Treatment > Comparison
Eohaustorius Percent Mortality ID-100 SB-REF-ID02 0.004 0.043 Rankit Unequal Var 0.706 Treatment <= Comparison
Eohaustorius Percent Mortality ID-101 SB-REF-ID02 0.002 0.395 Mann-Whitney 0.546 Treatment <= Comparison
Eohaustorius Percent Mortality ID-102 SB-REF-ID02 0.273 0.475 T-test Equal Var 0.155 Treatment <= Comparison
Eohaustorius Percent Mortality ID-108 SB-REF-ID02 0.007 0.030 Rankit Unequal Var 0.818 Treatment <= Comparison

Larval Percent Normal Survival SB-REF-ID01 Control 0.124 0.194 T-test Equal Var 0.018 Yes Treatment < Comparison
Larval Percent Normal Survival SB-REF-ID02 Control 0.142 0.183 T-test Equal Var 0.053 Yes Treatment < Comparison
Larval Percent Normal Survival ID-000-MIX SB-REF-ID01 0.144 0.844 T-test Equal Var 0.002 Yes Treatment < Comparison
Larval Percent Normal Survival ID-100 SB-REF-ID01 0.242 0.343 T-test Equal Var 0.988 Treatment >= Comparison
Larval Percent Normal Survival ID-101 SB-REF-ID01 0.533 0.098 T-test Unequal Var 0.000 Yes Treatment < Comparison
Larval Percent Normal Survival ID-102 SB-REF-ID01 0.334 0.900 T-test Equal Var 0.079 Yes Treatment < Comparison
Larval Percent Normal Survival ID-108 SB-REF-ID01 0.312 0.027 T-test Unequal Var 0.120 Treatment >= Comparison
Larval Percent Normal Survival ID-000-MIX SB-REF-ID02 0.240 0.999 T-test Equal Var 0.001 Yes Treatment < Comparison
Larval Percent Normal Survival ID-100 SB-REF-ID02 0.153 0.367 T-test Equal Var 0.962 Treatment >= Comparison
Larval Percent Normal Survival ID-101 SB-REF-ID02 0.793 0.020 T-test Unequal Var 0.000 Yes Treatment < Comparison
Larval Percent Normal Survival ID-102 SB-REF-ID02 0.495 0.998 T-test Equal Var 0.025 Yes Treatment < Comparison
Larval Percent Normal Survival ID-108 SB-REF-ID02 0.569 0.003 T-test Unequal Var 0.029 Yes Treatment < Comparison

Neanthes Individual Growth SB-REF-ID01 Control 0.716 0.648 T-test Equal Var 0.957 Treatment >= Comparison
Neanthes Individual Growth SB-REF-ID02 Control 0.773 0.065 T-test Unequal Var 0.875 Treatment >= Comparison
Neanthes Individual Growth ID-000-MIX SB-REF-ID01 0.609 0.267 T-test Equal Var 0.000 Yes Treatment < Comparison
Neanthes Individual Growth ID-100 SB-REF-ID01 0.559 0.632 T-test Equal Var 0.004 Yes Treatment < Comparison
Neanthes Individual Growth ID-101 SB-REF-ID01 0.941 0.083 T-test Unequal Var 0.003 Yes Treatment < Comparison
Neanthes Individual Growth ID-102 SB-REF-ID01 0.973 0.666 T-test Equal Var 0.007 Yes Treatment < Comparison
Neanthes Individual Growth ID-108 SB-REF-ID01 0.672 0.277 T-test Equal Var 0.002 Yes Treatment < Comparison
Neanthes Individual Growth ID-000-MIX SB-REF-ID02 0.949 0.021 T-test Unequal Var 0.004 Yes Treatment < Comparison
Neanthes Individual Growth ID-100 SB-REF-ID02 0.774 0.166 T-test Equal Var 0.020 Yes Treatment < Comparison
Neanthes Individual Growth ID-101 SB-REF-ID02 0.917 0.011 T-test Unequal Var 0.037 Yes Treatment < Comparison
Neanthes Individual Growth ID-102 SB-REF-ID02 0.675 0.252 T-test Equal Var 0.028 Yes Treatment < Comparison
Neanthes Individual Growth ID-108 SB-REF-ID02 0.959 0.024 T-test Unequal Var 0.029 Yes Treatment < Comparison
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-------------- Test=Larval Endpoint=Percent Normal Su Treatment=SB-REF-ID01 --------------

                                   The TTEST Procedure

                                    Variable:  result

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5      1.3990      0.1613      0.0721      1.2233      1.5708
       Reference      5      1.1752      0.1155      0.0516      1.0494      1.3508
       Diff (1-2)            0.2238      0.1403      0.0887

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                        1.3990     1.1987   1.5993     0.1613     0.0967   0.4636
 Reference                      1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
 Diff (1-2)   Pooled            0.2238     0.0192   0.4284     0.1403     0.0948   0.2688
 Diff (1-2)   Satterthwaite     0.2238     0.0154   0.4322

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.52      0.0357
               Satterthwaite    Unequal      7.2468       2.52      0.0386

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.95    0.5332
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

-------------- Test=Larval Endpoint=Percent Normal Su Treatment=SB-REF-ID02 --------------

                                   The TTEST Procedure

                                    Variable:  result

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5      1.3990      0.1613      0.0721      1.2233      1.5708
       Reference      5      1.2374      0.1144      0.0511      1.0993      1.3608
       Diff (1-2)            0.1616      0.1398      0.0884

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                        1.3990     1.1987   1.5993     0.1613     0.0967   0.4636
 Reference                      1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
 Diff (1-2)   Pooled            0.1616    -0.0423   0.3655     0.1398     0.0945   0.2679
 Diff (1-2)   Satterthwaite     0.1616    -0.0463   0.3695

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       1.83      0.1051
               Satterthwaite    Unequal      7.2098       1.83      0.1092

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.99    0.5216
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                        T-test Results, This is a 2-tailed result
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------------- Test=Neanthes Endpoint=Individual Growth Treatment=SB-REF-ID01 -------------

                                   The TTEST Procedure

                                    Variable:  result

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5      0.8580      0.1037      0.0464      0.7307      1.0187
       Reference      5      0.9861      0.1026      0.0459      0.8612      1.1070
       Diff (1-2)           -0.1281      0.1031      0.0652

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                        0.8580     0.7293   0.9867     0.1037     0.0621   0.2979
 Reference                      0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
 Diff (1-2)   Pooled           -0.1281    -0.2785   0.0223     0.1031     0.0696   0.1975
 Diff (1-2)   Satterthwaite    -0.1281    -0.2785   0.0223

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -1.96      0.0850
               Satterthwaite    Unequal      7.9991      -1.96      0.0851

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.02    0.9841
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
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------------- Test=Neanthes Endpoint=Individual Growth Treatment=SB-REF-ID02 -------------

                                   The TTEST Procedure

                                    Variable:  result

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5      0.8580      0.1037      0.0464      0.7307      1.0187
       Reference      5      0.9918      0.2104      0.0941      0.7433      1.2580
       Diff (1-2)           -0.1338      0.1658      0.1049

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                        0.8580     0.7293   0.9867     0.1037     0.0621   0.2979
 Reference                      0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
 Diff (1-2)   Pooled           -0.1338    -0.3756   0.1081     0.1658     0.1120   0.3177
 Diff (1-2)   Satterthwaite    -0.1338    -0.3922   0.1247

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -1.28      0.2380
               Satterthwaite    Unequal      5.8339      -1.28      0.2506

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       4.12    0.1991
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----------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=SB-REF-ID01 -----------

                                   The TTEST Procedure

                      Variable:  rankit  (Rank for Variable result)

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5     -0.5963           0           0     -0.5963     -0.5963
       Reference      5      0.5963      0.7970      0.3565     -0.5963      1.5466
       Diff (1-2)           -1.1927      0.5636      0.3565

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                       -0.5963    -0.5963  -0.5963          0          .        .
 Reference                      0.5963    -0.3933   1.5860     0.7970     0.4775   2.2904
 Diff (1-2)   Pooled           -1.1927    -2.0146  -0.3707     0.5636     0.3807   1.0797
 Diff (1-2)   Satterthwaite    -1.1927    -2.1823  -0.2030

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -3.35      0.0101
               Satterthwaite    Unequal           4      -3.35      0.0287

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4      Infty    <.0001
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                   T-test Results on Rankits, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

----------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=SB-REF-ID02 -----------

                                   The TTEST Procedure

                      Variable:  rankit  (Rank for Variable result)

       group          N        Mean     Std Dev     Std Err     Minimum     Maximum

       Control        5     -0.3184           0           0     -0.3184     -0.3184
       Reference      5      0.3184      0.8719      0.3899     -0.3184      1.2736
       Diff (1-2)           -0.6368      0.6166      0.3899

 group        Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

 Control                       -0.3184    -0.3184  -0.3184          0          .        .
 Reference                      0.3184    -0.7643   1.4011     0.8719     0.5224   2.5056
 Diff (1-2)   Pooled           -0.6368    -1.5360   0.2624     0.6166     0.4165   1.1812
 Diff (1-2)   Satterthwaite    -0.6368    -1.7194   0.4459

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -1.63      0.1411
               Satterthwaite    Unequal           4      -1.63      0.1778

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4      Infty    <.0001
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

----------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-000-MIX ------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.2817      0.1807      0.0808           0      0.4636
      Test            5      1.1956      0.1669      0.0747      0.9912      1.3453
      Diff (1-2)            -0.9139      0.1740      0.1100

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.2817     0.0573   0.5061     0.1807     0.1083   0.5194
Test                            1.1956     0.9883   1.4029     0.1669     0.1000   0.4797
Diff (1-2)    Pooled           -0.9139    -1.1676  -0.6601     0.1740     0.1175   0.3333
Diff (1-2)    Satterthwaite    -0.9139    -1.1679  -0.6598

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -8.31      <.0001
               Satterthwaite    Unequal      7.9501      -8.31      <.0001

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.17    0.8814
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-100 --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.2817      0.1807      0.0808           0      0.4636
      Test            5      0.0902      0.1235      0.0552           0      0.2255
      Diff (1-2)             0.1915      0.1548      0.0979

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.2817     0.0573   0.5061     0.1807     0.1083   0.5194
Test                            0.0902    -0.0632   0.2436     0.1235     0.0740   0.3549
Diff (1-2)    Pooled            0.1915    -0.0343   0.4173     0.1548     0.1046   0.2966
Diff (1-2)    Satterthwaite     0.1915    -0.0395   0.4226

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       1.96      0.0862
               Satterthwaite    Unequal      7.0671       1.96      0.0909

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.14    0.4790
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-101 --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.2817      0.1807      0.0808           0      0.4636
      Test            5      0.1095      0.1537      0.0687           0      0.3218
      Diff (1-2)             0.1723      0.1678      0.1061

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.2817     0.0573   0.5061     0.1807     0.1083   0.5194
Test                            0.1095    -0.0814   0.3003     0.1537     0.0921   0.4416
Diff (1-2)    Pooled            0.1723    -0.0724   0.4169     0.1678     0.1133   0.3214
Diff (1-2)    Satterthwaite     0.1723    -0.0735   0.4180

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       1.62      0.1431
               Satterthwaite    Unequal      7.7985       1.62      0.1441

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.38    0.7609
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-102 --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.2817      0.1807      0.0808           0      0.4636
      Test            5      0.2473      0.1692      0.0756           0      0.4636
      Diff (1-2)             0.0344      0.1750      0.1107

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.2817     0.0573   0.5061     0.1807     0.1083   0.5194
Test                            0.2473     0.0372   0.4573     0.1692     0.1013   0.4861
Diff (1-2)    Pooled            0.0344    -0.2209   0.2897     0.1750     0.1182   0.3354
Diff (1-2)    Satterthwaite     0.0344    -0.2211   0.2899

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       0.31      0.7637
               Satterthwaite    Unequal      7.9651       0.31      0.7637

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.14    0.9009
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-108 --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.2817      0.1807      0.0808           0      0.4636
      Test            5      0.0451      0.1009      0.0451           0      0.2255
      Diff (1-2)             0.2366      0.1464      0.0926

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.2817     0.0573   0.5061     0.1807     0.1083   0.5194
Test                            0.0451    -0.0801   0.1703     0.1009     0.0604   0.2898
Diff (1-2)    Pooled            0.2366     0.0232   0.4501     0.1464     0.0989   0.2804
Diff (1-2)    Satterthwaite     0.2366     0.0125   0.4608

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.56      0.0338
               Satterthwaite    Unequal      6.2706       2.56      0.0415

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       3.21    0.2847
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

-------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-000-MIX ---------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      1.1752      0.1155      0.0516      1.0494      1.3508
      Test            5      0.8921      0.1155      0.0517      0.7950      1.0640
      Diff (1-2)             0.2831      0.1155      0.0731

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
Test                            0.8921     0.7486   1.0356     0.1155     0.0692   0.3320
Diff (1-2)    Pooled            0.2831     0.1147   0.4516     0.1155     0.0780   0.2213
Diff (1-2)    Satterthwaite     0.2831     0.1147   0.4516

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       3.88      0.0047
               Satterthwaite    Unequal           8       3.88      0.0047

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.00    0.9992
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-100 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      1.1752      0.1155      0.0516      1.0494      1.3508
      Test            5      1.4125      0.1542      0.0690      1.2192      1.5708
      Diff (1-2)            -0.2372      0.1362      0.0862

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
Test                            1.4125     1.2210   1.6039     0.1542     0.0924   0.4431
Diff (1-2)    Pooled           -0.2372    -0.4359  -0.0386     0.1362     0.0920   0.2610
Diff (1-2)    Satterthwaite    -0.2372    -0.4387  -0.0358

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -2.75      0.0249
               Satterthwaite    Unequal      7.4134      -2.75      0.0268

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.78    0.5892
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-101 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      1.1752      0.1155      0.0516      1.0494      1.3508
      Test            5      0.3367      0.0424      0.0190      0.2778      0.3804
      Diff (1-2)             0.8385      0.0870      0.0550

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
Test                            0.3367     0.2840   0.3893     0.0424     0.0254   0.1218
Diff (1-2)    Pooled            0.8385     0.7117   0.9654     0.0870     0.0588   0.1667
Diff (1-2)    Satterthwaite     0.8385     0.6976   0.9795

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      15.24      <.0001
               Satterthwaite    Unequal      5.0591      15.24      <.0001

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       7.42    0.0780
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-102 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      1.1752      0.1155      0.0516      1.0494      1.3508
      Test            5      1.0457      0.1457      0.0652      0.8876      1.2821
      Diff (1-2)             0.1295      0.1315      0.0832

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
Test                            1.0457     0.8648   1.2266     0.1457     0.0873   0.4188
Diff (1-2)    Pooled            0.1295    -0.0622   0.3213     0.1315     0.0888   0.2519
Diff (1-2)    Satterthwaite     0.1295    -0.0640   0.3230

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       1.56      0.1579
               Satterthwaite    Unequal      7.6031       1.56      0.1599

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.59    0.6632
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-108 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      1.1752      0.1155      0.0516      1.0494      1.3508
      Test            5      1.1036      0.0177     0.00792      1.0789      1.1202
      Diff (1-2)             0.0717      0.0826      0.0522

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     1.1752     1.0318   1.3186     0.1155     0.0692   0.3318
Test                            1.1036     1.0816   1.1256     0.0177     0.0106   0.0509
Diff (1-2)    Pooled            0.0717    -0.0488   0.1921     0.0826     0.0558   0.1583
Diff (1-2)    Satterthwaite     0.0717    -0.0709   0.2142

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       1.37      0.2075
               Satterthwaite    Unequal      4.1878       1.37      0.2392

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4      42.57    0.0031
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-000-MIX --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.9861      0.1026      0.0459      0.8612      1.1070
      Test            5      0.5633      0.0723      0.0323      0.4770      0.6547
      Diff (1-2)             0.4229      0.0887      0.0561

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
Test                            0.5633     0.4735   0.6530     0.0723     0.0433   0.2077
Diff (1-2)    Pooled            0.4229     0.2935   0.5523     0.0887     0.0599   0.1700
Diff (1-2)    Satterthwaite     0.4229     0.2909   0.5548

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       7.54      <.0001
               Satterthwaite    Unequal      7.1861       7.54      0.0001

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.01    0.5143
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-100 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.9861      0.1026      0.0459      0.8612      1.1070
      Test            5      0.7210      0.1295      0.0579      0.5643      0.8805
      Diff (1-2)             0.2652      0.1168      0.0739

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
Test                            0.7210     0.5601   0.8818     0.1295     0.0776   0.3723
Diff (1-2)    Pooled            0.2652     0.0948   0.4356     0.1168     0.0789   0.2238
Diff (1-2)    Satterthwaite     0.2652     0.0932   0.4371

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       3.59      0.0071
               Satterthwaite    Unequal         7.6       3.59      0.0077

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.60    0.6619
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-101 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.9861      0.1026      0.0459      0.8612      1.1070
      Test            5      0.7669      0.0547      0.0244      0.7149      0.8454
      Diff (1-2)             0.2192      0.0822      0.0520

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
Test                            0.7669     0.6990   0.8348     0.0547     0.0328   0.1571
Diff (1-2)    Pooled            0.2192     0.0994   0.3391     0.0822     0.0555   0.1574
Diff (1-2)    Satterthwaite     0.2192     0.0926   0.3459

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       4.22      0.0029
               Satterthwaite    Unequal      6.1031       4.22      0.0054

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       3.52    0.2504
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-102 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.9861      0.1026      0.0459      0.8612      1.1070
      Test            5      0.7359      0.1479      0.0661      0.5557      0.9589
      Diff (1-2)             0.2502      0.1273      0.0805

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
Test                            0.7359     0.5523   0.9196     0.1479     0.0886   0.4250
Diff (1-2)    Pooled            0.2502     0.0646   0.4358     0.1273     0.0860   0.2438
Diff (1-2)    Satterthwaite     0.2502     0.0605   0.4399

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       3.11      0.0145
               Satterthwaite    Unequal      7.1245       3.11      0.0167

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.08    0.4957
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-108 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID01     5      0.9861      0.1026      0.0459      0.8612      1.1070
      Test            5      0.7479      0.0756      0.0338      0.6467      0.8531
      Diff (1-2)             0.2382      0.0901      0.0570

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID01                     0.9861     0.8588   1.1135     0.1026     0.0615   0.2947
Test                            0.7479     0.6541   0.8418     0.0756     0.0453   0.2171
Diff (1-2)    Pooled            0.2382     0.1068   0.3696     0.0901     0.0608   0.1726
Diff (1-2)    Satterthwaite     0.2382     0.1048   0.3716

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       4.18      0.0031
               Satterthwaite    Unequal      7.3535       4.18      0.0037

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.84    0.5683



                         Irondale Sediment Statistical Comparison                       22
                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-102 --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.1287      0.1762      0.0788           0      0.3218
      Test            5      0.2473      0.1692      0.0756           0      0.4636
      Diff (1-2)            -0.1186      0.1727      0.1092

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.1287    -0.0901   0.3475     0.1762     0.1056   0.5064
Test                            0.2473     0.0372   0.4573     0.1692     0.1013   0.4861
Diff (1-2)    Pooled           -0.1186    -0.3705   0.1333     0.1727     0.1167   0.3309
Diff (1-2)    Satterthwaite    -0.1186    -0.3706   0.1334

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -1.09      0.3093
               Satterthwaite    Unequal      7.9866      -1.09      0.3094

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.09    0.9386
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

-------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-000-MIX ---------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      1.2374      0.1144      0.0511      1.0993      1.3608
      Test            5      0.8921      0.1155      0.0517      0.7950      1.0640
      Diff (1-2)             0.3453      0.1150      0.0727

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
Test                            0.8921     0.7486   1.0356     0.1155     0.0692   0.3320
Diff (1-2)    Pooled            0.3453     0.1777   0.5130     0.1150     0.0776   0.2202
Diff (1-2)    Satterthwaite     0.3453     0.1777   0.5130

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       4.75      0.0014
               Satterthwaite    Unequal      7.9992       4.75      0.0014

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.02    0.9847
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-100 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      1.2374      0.1144      0.0511      1.0993      1.3608
      Test            5      1.4125      0.1542      0.0690      1.2192      1.5708
      Diff (1-2)            -0.1750      0.1358      0.0859

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
Test                            1.4125     1.2210   1.6039     0.1542     0.0924   0.4431
Diff (1-2)    Pooled           -0.1750    -0.3730   0.0229     0.1358     0.0917   0.2601
Diff (1-2)    Satterthwaite    -0.1750    -0.3760   0.0259

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      -2.04      0.0758
               Satterthwaite    Unequal      7.3786      -2.04      0.0788

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.82    0.5769
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-101 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      1.2374      0.1144      0.0511      1.0993      1.3608
      Test            5      0.3367      0.0424      0.0190      0.2778      0.3804
      Diff (1-2)             0.9007      0.0862      0.0545

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
Test                            0.3367     0.2840   0.3893     0.0424     0.0254   0.1218
Diff (1-2)    Pooled            0.9007     0.7750   1.0265     0.0862     0.0583   0.1652
Diff (1-2)    Satterthwaite     0.9007     0.7612   1.0403

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8      16.51      <.0001
               Satterthwaite    Unequal      5.0791      16.51      <.0001

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       7.28    0.0805
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-102 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      1.2374      0.1144      0.0511      1.0993      1.3608
      Test            5      1.0457      0.1457      0.0652      0.8876      1.2821
      Diff (1-2)             0.1917      0.1310      0.0828

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
Test                            1.0457     0.8648   1.2266     0.1457     0.0873   0.4188
Diff (1-2)    Pooled            0.1917   0.000696   0.3828     0.1310     0.0885   0.2509
Diff (1-2)    Satterthwaite     0.1917   -0.00120   0.3847

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.31      0.0493
               Satterthwaite    Unequal      7.5723       2.31      0.0511

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       1.62    0.6502
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                        T-test Results, This is a 2-tailed result
                            See Summary Page for 1-tail Result
                                                           15:42 Wednesday, March 25, 2009

---------------- Test=Larval Endpoint=Percent Normal Su Treatment=ID-108 -----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      1.2374      0.1144      0.0511      1.0993      1.3608
      Test            5      1.1036      0.0177     0.00792      1.0789      1.1202
      Diff (1-2)             0.1339      0.0818      0.0518

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     1.2374     1.0954   1.3794     0.1144     0.0685   0.3286
Test                            1.1036     1.0816   1.1256     0.0177     0.0106   0.0509
Diff (1-2)    Pooled            0.1339     0.0145   0.2532     0.0818     0.0553   0.1568
Diff (1-2)    Satterthwaite     0.1339   -0.00729   0.2750

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.59      0.0323
               Satterthwaite    Unequal      4.1915       2.59      0.0582

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4      41.75    0.0032
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------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-000-MIX --------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.9918      0.2104      0.0941      0.7433      1.2580
      Test            5      0.5633      0.0723      0.0323      0.4770      0.6547
      Diff (1-2)             0.4285      0.1573      0.0995

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
Test                            0.5633     0.4735   0.6530     0.0723     0.0433   0.2077
Diff (1-2)    Pooled            0.4285     0.1991   0.6579     0.1573     0.1062   0.3013
Diff (1-2)    Satterthwaite     0.4285     0.1717   0.6853

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       4.31      0.0026
               Satterthwaite    Unequal      4.9308       4.31      0.0079

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       8.48    0.0621
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--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-100 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.9918      0.2104      0.0941      0.7433      1.2580
      Test            5      0.7210      0.1295      0.0579      0.5643      0.8805
      Diff (1-2)             0.2708      0.1747      0.1105

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
Test                            0.7210     0.5601   0.8818     0.1295     0.0776   0.3723
Diff (1-2)    Pooled            0.2708     0.0160   0.5256     0.1747     0.1180   0.3347
Diff (1-2)    Satterthwaite     0.2708    0.00672   0.5349

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.45      0.0399
               Satterthwaite    Unequal      6.6521       2.45      0.0458

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.64    0.3704
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--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-101 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.9918      0.2104      0.0941      0.7433      1.2580
      Test            5      0.7669      0.0547      0.0244      0.7149      0.8454
      Diff (1-2)             0.2249      0.1537      0.0972

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
Test                            0.7669     0.6990   0.8348     0.0547     0.0328   0.1571
Diff (1-2)    Pooled            0.2249   0.000706   0.4491     0.1537     0.1038   0.2945
Diff (1-2)    Satterthwaite     0.2249    -0.0329   0.4826

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.31      0.0494
               Satterthwaite    Unequal      4.5377       2.31      0.0740

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4      14.81    0.0230
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--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-102 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.9918      0.2104      0.0941      0.7433      1.2580
      Test            5      0.7359      0.1479      0.0661      0.5557      0.9589
      Diff (1-2)             0.2558      0.1819      0.1150

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
Test                            0.7359     0.5523   0.9196     0.1479     0.0886   0.4250
Diff (1-2)    Pooled            0.2558   -0.00937   0.5211     0.1819     0.1228   0.3484
Diff (1-2)    Satterthwaite     0.2558    -0.0148   0.5264

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.22      0.0568
               Satterthwaite    Unequal      7.1776       2.22      0.0605

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.02    0.5117
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--------------- Test=Neanthes Endpoint=Individual Growth Treatment=ID-108 ----------------

                                   The TTEST Procedure

                                    Variable:  Result

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.9918      0.2104      0.0941      0.7433      1.2580
      Test            5      0.7479      0.0756      0.0338      0.6467      0.8531
      Diff (1-2)             0.2438      0.1581      0.1000

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.9918     0.7305   1.2530     0.2104     0.1261   0.6046
Test                            0.7479     0.6541   0.8418     0.0756     0.0453   0.2171
Diff (1-2)    Pooled            0.2438     0.0133   0.4744     0.1581     0.1068   0.3028
Diff (1-2)    Satterthwaite     0.2438    -0.0129   0.5006

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       2.44      0.0406
               Satterthwaite    Unequal      5.0148       2.44      0.0586

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       7.75    0.0723
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----------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-000-MIX ------------

                                  The NPAR1WAY Procedure

                     Wilcoxon Scores (Rank Sums) for Variable Result
                              Classified by Variable group

                                  Sum of      Expected       Std Dev          Mean
       group             N        Scores      Under H0      Under H0         Score
       ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
       SB-REF-ID02       5          15.0         27.50      4.699291           3.0
       Test              5          40.0         27.50      4.699291           8.0

                           Average scores were used for ties.

                                Wilcoxon Two-Sample Test

                              Statistic             15.0000

                              Normal Approximation
                              Z                     -2.5536
                              One-Sided Pr <  Z      0.0053
                              Two-Sided Pr > |Z|     0.0107

                              t Approximation
                              One-Sided Pr <  Z      0.0155
                              Two-Sided Pr > |Z|     0.0310

                        Z includes a continuity correction of 0.5.

                                   Kruskal-Wallis Test

                              Chi-Square             7.0755
                              DF                          1
                              Pr > Chi-Square        0.0078
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------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-101 --------------

                                  The NPAR1WAY Procedure

                     Wilcoxon Scores (Rank Sums) for Variable Result
                              Classified by Variable group

                                  Sum of      Expected       Std Dev          Mean
       group             N        Scores      Under H0      Under H0         Score
       ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
       SB-REF-ID02       5         28.50         27.50      4.183300          5.70
       Test              5         26.50         27.50      4.183300          5.30

                           Average scores were used for ties.

                                Wilcoxon Two-Sample Test

                              Statistic             28.5000

                              Normal Approximation
                              Z                      0.1195
                              One-Sided Pr >  Z      0.4524
                              Two-Sided Pr > |Z|     0.9049

                              t Approximation
                              One-Sided Pr >  Z      0.4537
                              Two-Sided Pr > |Z|     0.9075

                        Z includes a continuity correction of 0.5.

                                   Kruskal-Wallis Test

                              Chi-Square             0.0571
                              DF                          1
                              Pr > Chi-Square        0.8111
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------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-100 --------------

                                   The TTEST Procedure

                      Variable:  rankit  (Rank for Variable Result)

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.1516      1.0242      0.4580     -0.5963      1.2736
      Test            5     -0.1516      0.6089      0.2723     -0.5963      0.5154
      Diff (1-2)             0.3032      0.8425      0.5329

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.1516    -1.1201   1.4233     1.0242     0.6136   2.9431
Test                           -0.1516    -0.9077   0.6045     0.6089     0.3648   1.7498
Diff (1-2)    Pooled            0.3032    -0.9256   1.5321     0.8425     0.5691   1.6141
Diff (1-2)    Satterthwaite     0.3032    -0.9761   1.5826

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       0.57      0.5849
               Satterthwaite    Unequal      6.5139       0.57      0.5884

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       2.83    0.3380
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------------- Test=Eohaustorius Endpoint=Percent Mortality Treatment=ID-108 --------------

                                   The TTEST Procedure

                      Variable:  rankit  (Rank for Variable Result)

      group           N        Mean     Std Dev     Std Err     Minimum     Maximum

      SB-REF-ID02     5      0.2349      0.9481      0.4240     -0.4575      1.2736
      Test            5     -0.2349      0.4977      0.2226     -0.4575      0.6554
      Diff (1-2)             0.4698      0.7572      0.4789

group         Method              Mean      95% CL Mean       Std Dev     95% CL Std Dev

SB-REF-ID02                     0.2349    -0.9424   1.4122     0.9481     0.5681   2.7246
Test                           -0.2349    -0.8529   0.3831     0.4977     0.2982   1.4302
Diff (1-2)    Pooled            0.4698    -0.6345   1.5742     0.7572     0.5115   1.4506
Diff (1-2)    Satterthwaite     0.4698    -0.6997   1.6394

               Method           Variances        DF    t Value    Pr > |t|

               Pooled           Equal             8       0.98      0.3553
               Satterthwaite    Unequal      6.0489       0.98      0.3641

                                  Equality of Variances

                    Method      Num DF    Den DF    F Value    Pr > F

                    Folded F         4         4       3.63    0.2397
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1.0 INTRODUCTION 

GeoEngineers, Inc. requested NewFields Northwest, L.L.C., in Port Gamble, Washington to evaluate soil 
from the former Irondale Iron and Steel Plant in Irondale, Washington. As part of this Remedial 
Investigation/Feasibility Study (RI/FS), NewFields Northwest (NewFields) was requested to perform a 
suite of soil toxicity tests to aid developing soil cleanup levels for the Irondale site.  

2.0 METHODS 

This section summarizes the test methods that were followed for this biological characterization. Test 
methods followed guidance provided by the Washington State Department of Ecology and the Puget 
Sound Estuary Program (PSEP 1995), and the various updates presented during the Annual Sediment 
Management Review meetings (SMARM). Soil toxicity was evaluated using three standard bioassays, the 
Microtox™ Bioassay, the 14-day earthworm test and the 14-day early seedling growth test.   

2.1 SAMPLE AND TEST BIOTA RECEIPT 

The test soil was collected by GeoEngineers personnel on June 5 – 6, 2008.  The soil samples were hand 
delivered by GeoEngineers personnel to the NewFields laboratory on June 6, 2008.  

The earthworms Eisinia foetida were supplied by Aquatic Research Organisms in Hampton, New 
Hampshire and held in moist peat moss at 20°C prior to test initiation. Butter crunch lettuce Lactuca 
sativa seeds were obtained from Territorial Seed Company in Cottage Grove, Oregon. The plant seeds 
were stored dry at 4°C Celsius prior to testing. 

2.2 MICROTOX®  BIOASSAY 

The Microtox® test was performed by Nautilus Environmental LLC. The Microtox test exposed the 
luminescent marine bacterium Vibrio fischeri to a liquid extract of the test soils.  Bacterial light output 
was measured using the Microtox Model 500 Analyzer at 5 and 15 minutes of exposure. Light output 
from the test porewater was compared to that of the reference treatments at both time intervals. A 
complete description of the Microtox test methods is presented in Appendix A. 

2.3 EARTHWORM BIOASSAY 

Two 14-day earthworm bioassays were performed on soils from the Irondale site. For the first bioassay 
test, a soil dilution series of sample TP11 was prepared to determine a dose-response relationship between 
Total Petroleum Hydrocarbon (TPH) concentrations in sample TP11 and worm survival. A clean 
background site sample (TP23) was mixed with sample TP11 to prepare a dilution series of 100, 50, 25, 
12, 6, and 3 percent. This test was initiated on June 19, 2008. A second bioassay was performed on 
undiluted soil samples to assess potential effects from metals detected in the soils. This test was initiated 
on June 23, 2008. 

Test exposures were prepared with approximately 200g of soil placed in clean, acid and solvent-rinsed 
300-mL glass jars. Three replicate chambers were prepared for each test treatment and the artificial 
control soil. All soils were hydrated with deionized laboratory water to approximately 35-45 percent 
moisture prior to organism addition.  

Test chambers were placed in randomly assigned positions in a temperature controlled environmental 
space at 23°C under continuous lighting. The soil pH was measured on each treatment prior to test 
initiation and at test termination. Soil pH was measured by combining 25mL of soil and 25mL of 
deionized laboratory water and mixing thoroughly. Measurements were taken immediately upon mixing 
and again after approximately 30 minutes.  Temperature of the environmental space was monitored daily 
until test termination.   
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The tests were initiated by randomly allocating 10 E. foetida into each test chamber, ensuring that each of 
the worms successfully buried into the soil. Worms that did not bury within approximately one hour were 
replaced with healthy animals.  The 14-day bioassays were conducted as static tests with no feeding 
during the exposure period.  At test termination, soil from each test chamber was wet-sieved through a 
0.5-mm screen and all recovered animals transferred into a Petri dish. The number of surviving and dead 
worms was then determined.  

2.4 PLANT BIOASSAY  

Two 14-day early seedling growth bioassays were performed on soils from the Irondale site. The initial 
test was initiated on June 23, 2008. Due to low germination of the artificial soil control in the initial test, 
the soils were retested on August 8, 2008.  

Test exposures were prepared with approximately 300g of soil placed in clean, 500-mL plastic cups. 
Three replicate chambers were prepared for each test treatment and the artificial control soil.  

Test chambers were placed in randomly assigned positions in a temperature controlled environmental 
space at 23°C. Light was provided on a 16 hour light / 8 hour dark cycle. The targeted light quality was 
100 micro-Einsteins (µEm-2s-1) and was measured with an Apogee™ Quantum Meter. The soil pH was 
measured on each treatment prior to test initiation and at test termination. Soil pH was measured by 
combining 25mL of soil and 25mL of deionized laboratory water and mixing thoroughly. Measurements 
were taken immediately upon mixing and again after approximately 30 minutes.  Temperature of the 
environmental space was monitored daily until test termination.   

The tests were initiated by allocating 20 L. sativa seeds into each test chamber utilizing a position 
template. Seeds were buried approximately 2-3 mm deep and covered with soil by gently tapping the test 
chamber or brushing soil over the seeds. All chambers were gently hydrated to field capacity using a 
spray bottle with deionized laboratory water. Hydration was maintained throughout the course of the test 
through twice daily application of water.  

At test termination, the number of germinated seeds in each replicate was recorded. The cumulative 
growth (excluding roots) of all germinated plants in each replicate was then transferred to pre-weighed, 
aluminum foil weigh-boats. A wet weight was determined on each replicate prior to being dried a drying 
oven at 60°C for approximately 24 hours. Each weigh-boat was removed, cooled in a dessicator, and then 
weighed again for dry-weight determination. Weights were performed on an analytical microbalance to 
0.01 mg.  
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3.0 RESULTS AND DISCUSSION 

3.1 MICROTOX BIOASSAY 

Results of the Microtox bioassay are shown in Table 1. Only sample TP18 exhibited a significant 
decrease in light transmission compared to the Control sample, however this is likely an artifact of the 
very dark color of the sample.  The laboratory ran additional tests and determined that the dark color of 
the soil decreased light transmission even at the start of the test and with diluted sample (see Appendix A 
for complete discussion).  All other samples showed light transmission between 93 and 100% of Control. 

 
Table 1. Results of Microtox Bioassay. 

5 Minute Results 15 Minute Results 
Sample ID P < 0.05 % of 

Control SQS Hit CSL Hit P < 0.05 % of 
Control SQS Hit CSL Hit 

TP38 No 97 No No Yes 95 No No 
TP06 No 99 No No Yes 96 No No 
TP08 No 98 No No Yes 94 No No 
DP01 No 100 No No No 99 No No 
TP42 Yes 96 No No Yes 93 No No 
TP40 No 100 No No No 101 No No 
TP22 Yes 95 No No No 99 No No 
TP10 No 101 No No No 110 No No 
TP32 No 102 No No No 106 No No 
TP12 No 101 No No No 103 No No 
TP18* Yes 66 Yes Yes Yes 64 Yes Yes 
TP41 No 101 No No No 103 No No 

GEI SSI No 102 No No No 96 No No 
TP03 No 104 No No No 103 No No 
TP02 No 103 No No No 101 No No 

*Sample had very dark color, result may be test artifact 
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3.2 EARTHWORM BIOASSAY  

Table 2 presents the survival results of the dilution series test on Treatment TP11 compared to Control 
survival and survival in a background sample TP23.  Reduced survival was observed in the 50% and 
100% concentrations of TP11; however, due to the variability in the three replicates the reduced survival 
is not statistically significant. 
Table 2. Earthworm TPH Dilution Series Survival Results. 

Treatment Rep Initial # Final # % Survival Mean % 
Survival 

Total TPH 
(mg/kg) 

1 10 9 90% 
2 10 10 100% Control 
3 10 10 100% 

97% 17 

1 10 8 80% 
2 10 10 100% TP-23 Background 
3 10 10 100% 

93% 11U 

1 10 10 100% 
2 10 10 100% TP11 3% 
3 10 10 100% 

100% 215 

1 10 10 100% 
2 10 10 100% TP11 6% 
3 10 10 100% 

100% 390 

1 10 10 100% 
2 10 10 100% TP11 12% 
3 10 10 100% 

100% 640 

1 10 10 100% 
2 10 10 100% TP11 25% 
3 11 11 100% 

100% 1,140 

1 10 10 100% 
2 10 10 100% TP11 50% 
3 10 6 60% 

87% 3,900 

1 10 10 100% 
2 10 3 30% TP11 100% 
3 10 10 100% 

77% 5,200 
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Results for the earthworm survival test on Eisinia foetida are provided in Table 3.  Survival in the Control 
sample was 100%; test treatments ranged between 96.7 and 100% mean survival. Table 4 summarizes the 
earthworm survival compared to metal concentrations measured in the test soils.  
Table 3. Earthworm Metals Survival Results. 

Treatment Replicate Initial # Final # Survival % Mean Survival % 
1 10 10 100 
2 10 10 100 Control 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 GEI-SS1 
3 10 10 100 

  100.0 

1 10 9 90 
2 11 11 100 TP03 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 DP01 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP22 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 9 90 TP40 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 9 90 TP08 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 TP32 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP06 
3 10 10 100 

  100.0 

1 10 9 90 
2 10 10 100 TP02 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 TP38 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP18 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP41 
3 10 10 100 

 100.0 
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Table 4. Earthworm Survival Results and Measured Metal Concentrations. 

Metal Concentrations (mg/kg) 
Treatment Mean 

Survival % Arsenic Copper Iron Lead Nickel Zinc 

Control 100 NA NA NA NA NA NA 

GEI-SS1 100 4.8 74 37,800 20 6 55 

TP03 96.7 29.1 260 130,000 280 54 1,460 

DP01 100 4.8 97.1 31,700 8 33 86 

TP22 100 2.0 9.5 15,300 3 28 32 

TP40 96.7 43.6 876 202,000 110 70 90 

TP08 96.7 8.4 298 26,700 8 31 45 

TP32 100 38.5 883 106,000 50 13 84 

DP06 100 6.2 127 24,800 91 31 106 

TP02 96.7 1.9 14.4 16,100 10 36 42 

TP38 100 3.0 23.8 18,400 147 36 79 

TP18 100 3.1 16.3 14,200 20 22 39 

TP41 100 2.5 32.0 17,400 7 33 48 
 

3.3 PLANT BIOASSAY  
Results of the Lactuca sativa bioassay are provided in Table 5.  A summary of the associated metal 
concentrations is provided in Table 4 above. Germination of seeds in the Control sample was 96.7%. 
Germination of seeds in the test treatments ranged from 53.3% to 98.3%.  Growth was highest in 
Treatment TP18 and lowest in Treatment TP06. 
Table 5. Germination and Growth of Lactuca sativa. 

Treatment 
Mean 

Germination 
(%) 

Mean Wet wt. 
Germinated 
Seed (mg) 

Mean Dry wt. 
Germinated 
Seed (mg) 

Mean Wet wt. 
Initial Seed 

(mg) 

Mean Dry wt. 
Initial Seed 

(mg) 
Control 96.7 29.30 1.41 28.23 1.36 
GEI-SS1 96.7 35.51 2.15 34.32 2.08 
TP03 66.7 47.15 2.13 32.75 1.49 
DP01 86.7 17.80 1.28 14.87 1.08 
TP22 71.7 14.22 1.41 10.12 1.00 
TP40 73.3 33.12 1.64 24.59 1.20 
TP08 93.3 20.05 1.90 18.85 1.77 
TP32 81.7 38.77 1.69 31.58 1.38 
TP06 53.3 21.69 1.12 11.83 0.62 
TP02 98.3 26.80 2.05 26.40 2.02 
TP38 70.0 43.17 1.97 30.56 1.39 
TP18 98.3 55.53 2.68 54.36 2.62 
TP41 68.3 19.72 1.26 13.56 0.88 

 

Germination and growth results for each test treatment of the L. sativa bioassay were compared with an 
ANOVA followed by a Dunnett's one-way comparison (Table 6). Prior to the ANOVA the data were 
tested for the assumptions of normal distribution and homogeneity of variance.  Germination data were 
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normally distributed with homogeneous variance; the ANOVA was performed on arcsine-square root 
transformed data. Growth data did not meet the assumptions and the ANOVA was performed on rankits 
data.  

Treatments with germination below 72% were determined to be significantly lower than Control 
germination but no treatments had significantly less growth than the Control sample.  Because of the 
difference in growth in the Control sample and several of the test treatments, a second ANOVA was run 
with comparisons to Treatment TP18, the treatment with the highest growth.  Results of this comparison 
showed all treatments except TP02 and GEI-SS1 had significantly (p ≤ 0.05) less growth than TP18. 
Table 6. ANOVA Results for Germination and Growth of Lactuca sativa. 

Germination (%) Statistical 
Comparison* 

Dry Weight per Initial 
Seed (mg) 

Statistical 
Comparison*  Treatment 

Mean Std Dev Sig < 
Control 

Sig < 
TP18 Mean Std Dev Sig < 

Control 
Sig < 
TP18 

Control 96.7 2.9 -- N 1.36 0.23 -- Y 
TP18 98.3 2.9 N -- 2.62 0.45 N -- 
TP02 98.3 2.9 N N 2.02 0.21 N N 
GEI-SS1 96.7 2.9 N N 2.08 0.19 N N 
TP08 93.3 7.6 N N 1.77 0.14 N Y 
DP01 86.7 12.6 N N 1.08 0.19 N Y 
TP32 81.7 2.9 N Y 1.38 0.16 N Y 
TP40 73.3 22.5 N Y 1.20 0.36 N Y 
TP22 71.7 14.4 Y Y 1.00 0.15 N Y 
TP38 70.0 10.0 Y Y 1.39 0.35 N Y 
TP41 68.3 16.1 Y Y 0.88 0.30 N Y 
TP03 66.7 15.3 Y Y 1.49 0.97 N Y 
TP06 53.3 15.3 Y Y 0.62 0.27 N Y 
* Germination data are normally distributed with homogeneous variance: ANOVA performed on arcsine transformed data (p<0.05).
   Growth data are not normally distributed and variance is not homogeneous: ANOVA performed on rankits (p<0.05). 

 

Germination and growth data were compared to concentrations of six metals measured in the test samples 
to determine whether the metal concentrations were likely related to either germination or growth of L. 
sativa.  Figure 1 shows the germination results compared to the metal concentrations. No obvious 
relationship between decreased germination and higher metal concentration are apparent.  Growth data 
are compared to metal concentrations in Figure 2. There are no strong relationships among all of the test 
treatments; however, there is a cluster of six treatments (including the Control sample) that may be 
influenced by some other factor. These six (circled) have the lowest growth but also low concentrations of 
these metals, indicating that some unmeasured factor may be influencing the growth. Possible 
explanations are extremely coarse or fine size of soil, lack of nutrients, low organic carbon content. 
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Figure 1. Relationship of Lactuca sativa Germination to Metal Concentrations. 
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Figure 2. Relationship of Lactuca sativa Growth to Metal Concentrations. 
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4.0 CONCLUSION 

The Microtox® bioassay performed on Irondale soil extracts resulted in one sample (TP18) with 
decreased light transmission. Further investigation by the analytical laboratory determined that this was a 
result of the dark coloration of the soil extract and possibly not due to a toxic effect on the luminescent 
bacteria. This is supported by the fact that sample TP18 exhibited high earthworm survival and the 
highest seed germination and growth in the plant bioassay.  

No positive correlations were made between the earthworm bioassay results and TPH concentrations. 
While a statistically significant difference was not detected between the undiluted TPH sample TP11 
(5,200 mg/kg total TPH) and the background sample, there was a slight reduction in survival from the 
other concentrations. Anecdotally, this may indicate the beginning of the dose-response curve at this TPH 
concentration. This data set indicates that 5,200 mg/kg Total TPH is the No Observed Effect 
Concentration (NOEC).  

Earthworm survival in the soils where metals concentrations were measured ranged from 96.7 to 100 
percent.  These results indicate that the metal concentrations measured in the soil did not express a toxic 
effect on the survival of earthworms exposed for 14 days.  

Only the plant bioassay exhibited any significant effects from several treatments. Statistical analyses of 
the plant responses and associated metal concentrations did not result in any definitive relationships. 
Reduced growth in several of the samples with low metal concentrations may be due to unmeasured 
factors, possibly particle size, lack of nutrients, low organic carbon, or unmeasured chemical constituents. 
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1.0 INTRODUCTION 

GeoEngineers, Inc. requested NewFields Northwest, L.L.C., in Port Gamble, Washington to evaluate soil 
from the former Irondale Iron and Steel Plant in Irondale, Washington. As part of this Remedial 
Investigation/Feasibility Study (RI/FS), NewFields Northwest (NewFields) was requested to perform a 
suite of soil toxicity tests to aid developing soil cleanup levels for the Irondale site.  

2.0 METHODS 

This section summarizes the test methods that were followed for this biological characterization. Test 
methods followed guidance provided by the Washington State Department of Ecology and the Puget 
Sound Estuary Program (PSEP 1995), and the various updates presented during the Annual Sediment 
Management Review meetings (SMARM). Soil toxicity was evaluated using three standard bioassays, the 
Microtox™ Bioassay, the 14-day earthworm test and the 14-day early seedling growth test.   

2.1 SAMPLE AND TEST BIOTA RECEIPT 

The test soil was collected by GeoEngineers personnel on June 5 – 6, 2008.  The soil samples were hand 
delivered by GeoEngineers personnel to the NewFields laboratory on June 6, 2008.  

The earthworms Eisinia foetida were supplied by Aquatic Research Organisms in Hampton, New 
Hampshire and held in moist peat moss at 20°C prior to test initiation. Butter crunch lettuce Lactuca 
sativa seeds were obtained from Territorial Seed Company in Cottage Grove, Oregon. The plant seeds 
were stored dry at 4°C Celsius prior to testing. 

2.2 MICROTOX®  BIOASSAY 

The Microtox® test was performed by Nautilus Environmental LLC. The Microtox test exposed the 
luminescent marine bacterium Vibrio fischeri to a liquid extract of the test soils.  Bacterial light output 
was measured using the Microtox Model 500 Analyzer at 5 and 15 minutes of exposure. Light output 
from the test porewater was compared to that of the reference treatments at both time intervals. A 
complete description of the Microtox test methods is presented in Appendix A. 

2.3 EARTHWORM BIOASSAY 

Two 14-day earthworm bioassays were performed on soils from the Irondale site. For the first bioassay 
test, a soil dilution series of sample TP11 was prepared to determine a dose-response relationship between 
Total Petroleum Hydrocarbon (TPH) concentrations in sample TP11 and worm survival. A clean 
background site sample (TP23) was mixed with sample TP11 to prepare a dilution series of 100, 50, 25, 
12, 6, and 3 percent. This test was initiated on June 19, 2008. A second bioassay was performed on 
undiluted soil samples to assess potential effects from metals detected in the soils. This test was initiated 
on June 23, 2008. 

Test exposures were prepared with approximately 200g of soil placed in clean, acid and solvent-rinsed 
300-mL glass jars. Three replicate chambers were prepared for each test treatment and the artificial 
control soil. All soils were hydrated with deionized laboratory water to approximately 35-45 percent 
moisture prior to organism addition.  

Test chambers were placed in randomly assigned positions in a temperature controlled environmental 
space at 23°C under continuous lighting. The soil pH was measured on each treatment prior to test 
initiation and at test termination. Soil pH was measured by combining 25mL of soil and 25mL of 
deionized laboratory water and mixing thoroughly. Measurements were taken immediately upon mixing 
and again after approximately 30 minutes.  Temperature of the environmental space was monitored daily 
until test termination.   
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The tests were initiated by randomly allocating 10 E. foetida into each test chamber, ensuring that each of 
the worms successfully buried into the soil. Worms that did not bury within approximately one hour were 
replaced with healthy animals.  The 14-day bioassays were conducted as static tests with no feeding 
during the exposure period.  At test termination, soil from each test chamber was wet-sieved through a 
0.5-mm screen and all recovered animals transferred into a Petri dish. The number of surviving and dead 
worms was then determined.  

2.4 PLANT BIOASSAY  

Two 14-day early seedling growth bioassays were performed on soils from the Irondale site. The initial 
test was initiated on June 23, 2008. Due to low germination of the artificial soil control in the initial test, 
the soils were retested on August 8, 2008.  

Test exposures were prepared with approximately 300g of soil placed in clean, 500-mL plastic cups. 
Three replicate chambers were prepared for each test treatment and the artificial control soil.  

Test chambers were placed in randomly assigned positions in a temperature controlled environmental 
space at 23°C. Light was provided on a 16 hour light / 8 hour dark cycle. The targeted light quality was 
100 micro-Einsteins (µEm-2s-1) and was measured with an Apogee™ Quantum Meter. The soil pH was 
measured on each treatment prior to test initiation and at test termination. Soil pH was measured by 
combining 25mL of soil and 25mL of deionized laboratory water and mixing thoroughly. Measurements 
were taken immediately upon mixing and again after approximately 30 minutes.  Temperature of the 
environmental space was monitored daily until test termination.   

The tests were initiated by allocating 20 L. sativa seeds into each test chamber utilizing a position 
template. Seeds were buried approximately 2-3 mm deep and covered with soil by gently tapping the test 
chamber or brushing soil over the seeds. All chambers were gently hydrated to field capacity using a 
spray bottle with deionized laboratory water. Hydration was maintained throughout the course of the test 
through twice daily application of water.  

At test termination, the number of germinated seeds in each replicate was recorded. The cumulative 
growth (excluding roots) of all germinated plants in each replicate was then transferred to pre-weighed, 
aluminum foil weigh-boats. A wet weight was determined on each replicate prior to being dried a drying 
oven at 60°C for approximately 24 hours. Each weigh-boat was removed, cooled in a dessicator, and then 
weighed again for dry-weight determination. Weights were performed on an analytical microbalance to 
0.01 mg.  
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3.0 RESULTS AND DISCUSSION 

3.1 MICROTOX BIOASSAY 

Results of the Microtox bioassay are shown in Table 1. Only sample TP18 exhibited a significant 
decrease in light transmission compared to the Control sample, however this is likely an artifact of the 
very dark color of the sample.  The laboratory ran additional tests and determined that the dark color of 
the soil decreased light transmission even at the start of the test and with diluted sample (see Appendix A 
for complete discussion).  All other samples showed light transmission between 93 and 100% of Control. 

 
Table 1. Results of Microtox Bioassay. 

5 Minute Results 15 Minute Results 
Sample ID P < 0.05 % of 

Control SQS Hit CSL Hit P < 0.05 % of 
Control SQS Hit CSL Hit 

TP38 No 97 No No Yes 95 No No 
TP06 No 99 No No Yes 96 No No 
TP08 No 98 No No Yes 94 No No 
DP01 No 100 No No No 99 No No 
TP42 Yes 96 No No Yes 93 No No 
TP40 No 100 No No No 101 No No 
TP22 Yes 95 No No No 99 No No 
TP10 No 101 No No No 110 No No 
TP32 No 102 No No No 106 No No 
TP12 No 101 No No No 103 No No 
TP18* Yes 66 Yes Yes Yes 64 Yes Yes 
TP41 No 101 No No No 103 No No 

GEI SSI No 102 No No No 96 No No 
TP03 No 104 No No No 103 No No 
TP02 No 103 No No No 101 No No 

*Sample had very dark color, result may be test artifact 
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3.2 EARTHWORM BIOASSAY  

Table 2 presents the survival results of the dilution series test on Treatment TP11 compared to Control 
survival and survival in a background sample TP23.  Reduced survival was observed in the 50% and 
100% concentrations of TP11; however, due to the variability in the three replicates the reduced survival 
is not statistically significant. 
Table 2. Earthworm TPH Dilution Series Survival Results. 

Treatment Rep Initial # Final # % Survival Mean % 
Survival 

Total TPH 
(mg/kg) 

1 10 9 90% 
2 10 10 100% Control 
3 10 10 100% 

97% 17 

1 10 8 80% 
2 10 10 100% TP-23 Background 
3 10 10 100% 

93% 11U 

1 10 10 100% 
2 10 10 100% TP11 3% 
3 10 10 100% 

100% 215 

1 10 10 100% 
2 10 10 100% TP11 6% 
3 10 10 100% 

100% 390 

1 10 10 100% 
2 10 10 100% TP11 12% 
3 10 10 100% 

100% 640 

1 10 10 100% 
2 10 10 100% TP11 25% 
3 11 11 100% 

100% 1,140 

1 10 10 100% 
2 10 10 100% TP11 50% 
3 10 6 60% 

87% 3,900 

1 10 10 100% 
2 10 3 30% TP11 100% 
3 10 10 100% 

77% 5,200 
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Results for the earthworm survival test on Eisinia foetida are provided in Table 3.  Survival in the Control 
sample was 100%; test treatments ranged between 96.7 and 100% mean survival. Table 4 summarizes the 
earthworm survival compared to metal concentrations measured in the test soils.  
Table 3. Earthworm Metals Survival Results. 

Treatment Replicate Initial # Final # Survival % Mean Survival % 
1 10 10 100 
2 10 10 100 Control 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 GEI-SS1 
3 10 10 100 

  100.0 

1 10 9 90 
2 11 11 100 TP03 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 DP01 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP22 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 9 90 TP40 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 9 90 TP08 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 TP32 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP06 
3 10 10 100 

  100.0 

1 10 9 90 
2 10 10 100 TP02 
3 10 10 100 

  96.7 

1 10 10 100 
2 10 10 100 TP38 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP18 
3 10 10 100 

  100.0 

1 10 10 100 
2 10 10 100 TP41 
3 10 10 100 

 100.0 
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Table 4. Earthworm Survival Results and Measured Metal Concentrations. 

Metal Concentrations (mg/kg) 
Treatment Mean 

Survival % Arsenic Copper Iron Lead Nickel Zinc 

Control 100 NA NA NA NA NA NA 

GEI-SS1 100 4.8 74 37,800 20 6 55 

TP03 96.7 29.1 260 130,000 280 54 1,460 

DP01 100 4.8 97.1 31,700 8 33 86 

TP22 100 2.0 9.5 15,300 3 28 32 

TP40 96.7 43.6 876 202,000 110 70 90 

TP08 96.7 8.4 298 26,700 8 31 45 

TP32 100 38.5 883 106,000 50 13 84 

DP06 100 6.2 127 24,800 91 31 106 

TP02 96.7 1.9 14.4 16,100 10 36 42 

TP38 100 3.0 23.8 18,400 147 36 79 

TP18 100 3.1 16.3 14,200 20 22 39 

TP41 100 2.5 32.0 17,400 7 33 48 
 

3.3 PLANT BIOASSAY  
Results of the Lactuca sativa bioassay are provided in Table 5.  A summary of the associated metal 
concentrations is provided in Table 4 above. Germination of seeds in the Control sample was 96.7%. 
Germination of seeds in the test treatments ranged from 53.3% to 98.3%.  Growth was highest in 
Treatment TP18 and lowest in Treatment TP06. 
Table 5. Germination and Growth of Lactuca sativa. 

Treatment 
Mean 

Germination 
(%) 

Mean Wet wt. 
Germinated 
Seed (mg) 

Mean Dry wt. 
Germinated 
Seed (mg) 

Mean Wet wt. 
Initial Seed 

(mg) 

Mean Dry wt. 
Initial Seed 

(mg) 
Control 96.7 29.30 1.41 28.23 1.36 
GEI-SS1 96.7 35.51 2.15 34.32 2.08 
TP03 66.7 47.15 2.13 32.75 1.49 
DP01 86.7 17.80 1.28 14.87 1.08 
TP22 71.7 14.22 1.41 10.12 1.00 
TP40 73.3 33.12 1.64 24.59 1.20 
TP08 93.3 20.05 1.90 18.85 1.77 
TP32 81.7 38.77 1.69 31.58 1.38 
TP06 53.3 21.69 1.12 11.83 0.62 
TP02 98.3 26.80 2.05 26.40 2.02 
TP38 70.0 43.17 1.97 30.56 1.39 
TP18 98.3 55.53 2.68 54.36 2.62 
TP41 68.3 19.72 1.26 13.56 0.88 

 

Germination and growth results for each test treatment of the L. sativa bioassay were compared with an 
ANOVA followed by a Dunnett's one-way comparison (Table 6). Prior to the ANOVA the data were 
tested for the assumptions of normal distribution and homogeneity of variance.  Germination data were 
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normally distributed with homogeneous variance; the ANOVA was performed on arcsine-square root 
transformed data. Growth data did not meet the assumptions and the ANOVA was performed on rankits 
data.  

Treatments with germination below 72% were determined to be significantly lower than Control 
germination but no treatments had significantly less growth than the Control sample.  Because of the 
difference in growth in the Control sample and several of the test treatments, a second ANOVA was run 
with comparisons to Treatment TP18, the treatment with the highest growth.  Results of this comparison 
showed all treatments except TP02 and GEI-SS1 had significantly (p ≤ 0.05) less growth than TP18. 
Table 6. ANOVA Results for Germination and Growth of Lactuca sativa. 

Germination (%) Statistical 
Comparison* 

Dry Weight per Initial 
Seed (mg) 

Statistical 
Comparison*  Treatment 

Mean Std Dev Sig < 
Control 

Sig < 
TP18 Mean Std Dev Sig < 

Control 
Sig < 
TP18 

Control 96.7 2.9 -- N 1.36 0.23 -- Y 
TP18 98.3 2.9 N -- 2.62 0.45 N -- 
TP02 98.3 2.9 N N 2.02 0.21 N N 
GEI-SS1 96.7 2.9 N N 2.08 0.19 N N 
TP08 93.3 7.6 N N 1.77 0.14 N Y 
DP01 86.7 12.6 N N 1.08 0.19 N Y 
TP32 81.7 2.9 N Y 1.38 0.16 N Y 
TP40 73.3 22.5 N Y 1.20 0.36 N Y 
TP22 71.7 14.4 Y Y 1.00 0.15 N Y 
TP38 70.0 10.0 Y Y 1.39 0.35 N Y 
TP41 68.3 16.1 Y Y 0.88 0.30 N Y 
TP03 66.7 15.3 Y Y 1.49 0.97 N Y 
TP06 53.3 15.3 Y Y 0.62 0.27 N Y 
* Germination data are normally distributed with homogeneous variance: ANOVA performed on arcsine transformed data (p<0.05).
   Growth data are not normally distributed and variance is not homogeneous: ANOVA performed on rankits (p<0.05). 

 

Germination and growth data were compared to concentrations of six metals measured in the test samples 
to determine whether the metal concentrations were likely related to either germination or growth of L. 
sativa.  Figure 1 shows the germination results compared to the metal concentrations. No obvious 
relationship between decreased germination and higher metal concentration are apparent.  Growth data 
are compared to metal concentrations in Figure 2. There are no strong relationships among all of the test 
treatments; however, there is a cluster of six treatments (including the Control sample) that may be 
influenced by some other factor. These six (circled) have the lowest growth but also low concentrations of 
these metals, indicating that some unmeasured factor may be influencing the growth. Possible 
explanations are extremely coarse or fine size of soil, lack of nutrients, low organic carbon content. 
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Figure 1. Relationship of Lactuca sativa Germination to Metal Concentrations. 
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Figure 2. Relationship of Lactuca sativa Growth to Metal Concentrations. 
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4.0 CONCLUSION 

The Microtox® bioassay performed on Irondale soil extracts resulted in one sample (TP18) with 
decreased light transmission. Further investigation by the analytical laboratory determined that this was a 
result of the dark coloration of the soil extract and possibly not due to a toxic effect on the luminescent 
bacteria. This is supported by the fact that sample TP18 exhibited high earthworm survival and the 
highest seed germination and growth in the plant bioassay.  

No positive correlations were made between the earthworm bioassay results and TPH concentrations. 
While a statistically significant difference was not detected between the undiluted TPH sample TP11 
(5,200 mg/kg total TPH) and the background sample, there was a slight reduction in survival from the 
other concentrations. Anecdotally, this may indicate the beginning of the dose-response curve at this TPH 
concentration. This data set indicates that 5,200 mg/kg Total TPH is the No Observed Effect 
Concentration (NOEC).  

Earthworm survival in the soils where metals concentrations were measured ranged from 96.7 to 100 
percent.  These results indicate that the metal concentrations measured in the soil did not express a toxic 
effect on the survival of earthworms exposed for 14 days.  

Only the plant bioassay exhibited any significant effects from several treatments. Statistical analyses of 
the plant responses and associated metal concentrations did not result in any definitive relationships. 
Reduced growth in several of the samples with low metal concentrations may be due to unmeasured 
factors, possibly particle size, lack of nutrients, low organic carbon, or unmeasured chemical constituents. 
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                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   1
                                                      Means by treatment

                             species     endpoint    Treatment                   mean     notrans

                            Earthworm    Survival    Control                   1.42045     96.667
                            Earthworm    Survival    TP-23 Background          1.35630     93.333
                            Earthworm    Survival    TP11 100%                 1.14876     76.667
                            Earthworm    Survival    TP11 12%                  1.57080    100.000
                            Earthworm    Survival    TP11 25%                  1.57080    100.000
                            Earthworm    Survival    TP11 3%                   1.57080    100.000
                            Earthworm    Survival    TP11 50%                  1.26170     86.667
                            Earthworm    Survival    TP11 6%                   1.57080    100.000



                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   2
                                                 Results of Assumption Checks

                                                                     Prob        Prob
                                       species     endpoint        Normal    Homogeneous

                                      Earthworm    Survival    .001647290     .000069201



                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   3
                                                        ANOVA Results

-------------------------------------------- species=Earthworm endpoint=Survival ---------------------------------------------

                                                      The GLM Procedure

                                                   Class Level Information

           Class          Levels    Values

           Treatment           8    Control TP-23 Background TP11 100% TP11 12% TP11 25% TP11 3% TP11 50% TP11 6%

                                           Number of Observations Read          24
                                           Number of Observations Used          24



                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   4
                                                        ANOVA Results

-------------------------------------------- species=Earthworm endpoint=Survival ---------------------------------------------

                                                      The GLM Procedure

Dependent Variable: result

                                                             Sum of
                     Source                      DF         Squares     Mean Square    F Value    Pr > F

                     Model                        7      0.57636865      0.08233838       0.64    0.7161

                     Error                       16      2.05360920      0.12835057

                     Corrected Total             23      2.62997785

                                     R-Square     Coeff Var      Root MSE    result Mean

                                     0.219153      24.98679      0.358260       1.433799

                     Source                      DF       Type I SS     Mean Square    F Value    Pr > F

                     Treatment                    7      0.57636865      0.08233838       0.64    0.7161

                     Source                      DF     Type III SS     Mean Square    F Value    Pr > F

                     Treatment                    7      0.57636865      0.08233838       0.64    0.7161



                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   5
                                                        ANOVA Results

-------------------------------------------- species=Earthworm endpoint=Survival ---------------------------------------------

                                                      The GLM Procedure

                                           Dunnett's One-tailed t Tests for result

        NOTE: This test controls the Type I experimentwise error for comparisons of all treatments against a control.

                                           Alpha                              0.05
                                           Error Degrees of Freedom             16
                                           Error Mean Square              0.128351
                                           Critical Value of Dunnett's t   2.55786
                                           Minimum Significant Difference   0.7482

                               Comparisons significant at the 0.05 level are indicated by ***.

                                                                Difference
                                      Treatment                    Between     Simultaneous 95%
                                     Comparison                      Means    Confidence Limits

                         TP11 25%         - Control                 0.1503    -Infinity  0.8986
                         TP11 3%          - Control                 0.1503    -Infinity  0.8986
                         TP11 12%         - Control                 0.1503    -Infinity  0.8986
                         TP11 6%          - Control                 0.1503    -Infinity  0.8986
                         TP-23 Background - Control                -0.0642    -Infinity  0.6841
                         TP11 50%         - Control                -0.1588    -Infinity  0.5895
                         TP11 100%        - Control                -0.2717    -Infinity  0.4765



                                               Irondale Statistical Comparison                  08:47 Monday, July 7, 2008   6
                                                  Mann-Whitney Test Results

-------------------------------------------- species=Earthworm endpoint=Survival ---------------------------------------------

                                                    The NPAR1WAY Procedure

                                       Wilcoxon Scores (Rank Sums) for Variable result
                                               Classified by Variable Treatment

                                                       Sum of      Expected       Std Dev          Mean
                       Treatment              N        Scores      Under H0      Under H0         Score
                       ƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒƒ
                       Control                3         33.00         37.50      7.439977     11.000000
                       TP-23 Background       3         32.00         37.50      7.439977     10.666667
                       TP11 100%              3         30.00         37.50      7.439977     10.000000
                       TP11 12%               3         43.50         37.50      7.439977     14.500000
                       TP11 25%               3         43.50         37.50      7.439977     14.500000
                       TP11 3%                3         43.50         37.50      7.439977     14.500000
                       TP11 50%               3         31.00         37.50      7.439977     10.333333
                       TP11 6%                3         43.50         37.50      7.439977     14.500000

                                              Average scores were used for ties.

                                                     Kruskal-Wallis Test

                                                  Chi-Square         4.6316
                                                  DF                      7
                                                  Pr > Chi-Square    0.7048
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Treatment Mean Std Dev Sig < 
Control

Sig < 
TP18 Mean Std Dev Mean Std Dev Sig < 

Control
Sig < 
TP18 Arsenic Copper Iron Lead Nickel Zinc

Control 96.7 2.9 -- N 1.41 0.27 1.36 0.23 -- Y 0 0 0 0 0 0
TP18 98.3 2.9 N -- 2.68 0.52 2.62 0.45 N -- 3.1 16.3 14,200 20 22 39
TP02 98.3 2.9 N N 2.05 0.16 2.02 0.21 N N 1.9 14.4 16,100 10 36 42
GEI-SS1 96.7 2.9 N N 2.15 0.26 2.08 0.19 N N 4.8 74 37,800 20 6 55
TP08 93.3 7.6 N N 1.90 0.04 1.77 0.14 N Y 8.4 298 26,700 8 31 45
DP01 86.7 12.6 N N 1.28 0.35 1.08 0.19 N Y 4.8 97.1 31,700 8 33 86
TP32 81.7 2.9 N Y 1.69 0.23 1.38 0.16 N Y 38.5 883 106,000 50 13 84
TP40 73.3 22.5 N Y 1.64 0.03 1.20 0.36 N Y 43.6 876 202,000 110 70 90
TP22 71.7 14.4 Y Y 1.41 0.09 1.00 0.15 N Y 2.0 9.5 15,300 3 28 32
TP38 70.0 10.0 Y Y 1.97 0.22 1.39 0.35 N Y 3.0 23.8 18,400 147 36 79
TP41 68.3 16.1 Y Y 1.26 0.17 0.88 0.30 N Y 2.5 32.0 17,400 7 33 48
TP03 66.7 15.3 Y Y 2.13 0.97 1.49 0.97 N Y 29.1 260 130,000 280 54 1,460
TP06 53.3 15.3 Y Y 1.12 0.24 0.62 0.27 N Y 6.2 127 24,800 91 31 106

* Germination data are normally distributed with homogeneous variance: ANOVA performed on arcsine transformed data (prob<0.001).
   Growth data are not normally distributed and variance is not homogeneous: ANOVA performed on rankits (prob<0.001).

Germination (%)
Dry Weight per Germinated 

Seed (mg)
Dry Weight per Initial Seed 

(mg) Metal Concentrations (mg/kg)
Statistical 

Comparison*
Statistical 

Comparison*



                                            Irondale Statistical Comparison
                                                  Means by treatment

                          species    endpoint              Treatment         mean     notrans

                          Lettuce    Dry Weight Initial    Control         1.36200      .
                          Lettuce    Dry Weight Initial    DP01            1.08333      .
                          Lettuce    Dry Weight Initial    GEI-SS1         2.07700      .
                          Lettuce    Dry Weight Initial    TP02            2.02183      .
                          Lettuce    Dry Weight Initial    TP03            1.49350      .
                          Lettuce    Dry Weight Initial    TP06            0.61550      .
                          Lettuce    Dry Weight Initial    TP08            1.77083      .
                          Lettuce    Dry Weight Initial    TP18            2.62417      .
                          Lettuce    Dry Weight Initial    TP22            0.99983      .
                          Lettuce    Dry Weight Initial    TP32            1.38050      .
                          Lettuce    Dry Weight Initial    TP38            1.38950      .
                          Lettuce    Dry Weight Initial    TP40            1.20367      .
                          Lettuce    Dry Weight Initial    TP41            0.87783      .
                          Lettuce    Survival              Control         1.35909    96.6667
                          Lettuce    Survival              DP01            1.14495    86.6667
                          Lettuce    Survival              GEI-SS1         1.35909    96.6667
                          Lettuce    Survival              TP02            1.46494    98.3333
                          Lettuce    Survival              TP03            0.74210    66.6667
                          Lettuce    Survival              TP06            0.57017    53.3333
                          Lettuce    Survival              TP08            1.28001    93.3333
                          Lettuce    Survival              TP18            1.46494    98.3333
                          Lettuce    Survival              TP22            0.81232    71.6667
                          Lettuce    Survival              TP32            0.95686    81.6667
                          Lettuce    Survival              TP38            0.78206    70.0000
                          Lettuce    Survival              TP40            0.87497    73.3333
                          Lettuce    Survival              TP41            0.76632    68.3333



                                            Irondale Statistical Comparison
                                             Results of Assumption Checks

                                                                   Prob         Prob
                                species    endpoint               Normal    Homogeneous

                                Lettuce    Dry Weight Initial    0.03113      0.00341
                                Lettuce    Survival              0.65494      0.37457



                                            Irondale Statistical Comparison
                                                     ANOVA Results

------------------------------------------ species=Lettuce endpoint=Survival ------------------------------------------

                                                   The GLM Procedure

                                               Class Level Information

           Class          Levels    Values

           Treatment          13    Control DP01 GEI-SS1 TP02 TP03 TP06 TP08 TP18 TP22 TP32 TP38 TP40 TP41

                                        Number of Observations Read          39
                                        Number of Observations Used          39



                                            Irondale Statistical Comparison
                                                     ANOVA Results

------------------------------------------ species=Lettuce endpoint=Survival ------------------------------------------

                                                   The GLM Procedure

Dependent Variable: result

                                                          Sum of
                  Source                      DF         Squares     Mean Square    F Value    Pr > F

                  Model                       12      3.51016201      0.29251350       5.65    0.0001

                  Error                       26      1.34630550      0.05178098

                  Corrected Total             38      4.85646750

                                  R-Square     Coeff Var      Root MSE    result Mean

                                  0.722781      21.78706      0.227554       1.044447

                  Source                      DF       Type I SS     Mean Square    F Value    Pr > F

                  Treatment                   12      3.51016201      0.29251350       5.65    0.0001

                  Source                      DF     Type III SS     Mean Square    F Value    Pr > F

                  Treatment                   12      3.51016201      0.29251350       5.65    0.0001



                                            Irondale Statistical Comparison
                                                     ANOVA Results

------------------------------------------ species=Lettuce endpoint=Survival ------------------------------------------

                                                   The GLM Procedure

                                        Dunnett's One-tailed t Tests for result

     NOTE: This test controls the Type I experimentwise error for comparisons of all treatments against a control.

                                        Alpha                              0.05
                                        Error Degrees of Freedom             26
                                        Error Mean Square              0.051781
                                        Critical Value of Dunnett's t   2.65182
                                        Minimum Significant Difference   0.4927

                            Comparisons significant at the 0.05 level are indicated by ***.

                                                    Difference
                                   Treatment           Between     Simultaneous 95%
                                  Comparison             Means    Confidence Limits

                               TP02    - TP18           0.0000    -Infinity  0.4927
                               Control - TP18          -0.1059    -Infinity  0.3868
                               GEI-SS1 - TP18          -0.1059    -Infinity  0.3868
                               TP08    - TP18          -0.1849    -Infinity  0.3078
                               DP01    - TP18          -0.3200    -Infinity  0.1727
                               TP32    - TP18          -0.5081    -Infinity -0.0154  ***
                               TP40    - TP18          -0.5900    -Infinity -0.0973  ***
                               TP22    - TP18          -0.6526    -Infinity -0.1599  ***
                               TP38    - TP18          -0.6829    -Infinity -0.1902  ***
                               TP41    - TP18          -0.6986    -Infinity -0.2059  ***
                               TP03    - TP18          -0.7228    -Infinity -0.2301  ***
                               TP06    - TP18          -0.8948    -Infinity -0.4021  ***



                                            Irondale Statistical Comparison
                                                ANOVA Results - Rankits

------------------------------------- species=Lettuce endpoint=Dry Weight Initial -------------------------------------

                                                   The GLM Procedure

                                               Class Level Information

           Class          Levels    Values

           Treatment          13    Control DP01 GEI-SS1 TP02 TP03 TP06 TP08 TP18 TP22 TP32 TP38 TP40 TP41

                                        Number of Observations Read          39
                                        Number of Observations Used          39



                                            Irondale Statistical Comparison
                                                ANOVA Results - Rankits

------------------------------------- species=Lettuce endpoint=Dry Weight Initial -------------------------------------

                                                   The GLM Procedure

Dependent Variable: result

                                                          Sum of
                  Source                      DF         Squares     Mean Square    F Value    Pr > F

                  Model                       12     10.92360464      0.91030039       6.59    <.0001

                  Error                       26      3.59301967      0.13819306

                  Corrected Total             38     14.51662431

                                  R-Square     Coeff Var      Root MSE    result Mean

                                  0.752489      25.57032      0.371743       1.453808

                  Source                      DF       Type I SS     Mean Square    F Value    Pr > F

                  Treatment                   12     10.92360464      0.91030039       6.59    <.0001

                  Source                      DF     Type III SS     Mean Square    F Value    Pr > F

                  Treatment                   12     10.92360464      0.91030039       6.59    <.0001



                                            Irondale Statistical Comparison
                                                ANOVA Results - Rankits

------------------------------------- species=Lettuce endpoint=Dry Weight Initial -------------------------------------

                                                   The GLM Procedure

                                        Dunnett's One-tailed t Tests for result

     NOTE: This test controls the Type I experimentwise error for comparisons of all treatments against a control.

                                        Alpha                              0.05
                                        Error Degrees of Freedom             26
                                        Error Mean Square              0.138193
                                        Critical Value of Dunnett's t   2.65182
                                        Minimum Significant Difference   0.8049

                            Comparisons significant at the 0.05 level are indicated by ***.

                                                   Difference
                                  Treatment           Between     Simultaneous 95%
                                 Comparison             Means     Confidence Limits

                              GEI-SS1 - TP18          -0.5472    -Infinity   0.2577
                              TP02    - TP18          -0.6023    -Infinity   0.2026
                              TP08    - TP18          -0.8533    -Infinity  -0.0484  ***
                              TP03    - TP18          -1.1307    -Infinity  -0.3258  ***
                              TP38    - TP18          -1.2347    -Infinity  -0.4298  ***
                              TP32    - TP18          -1.2437    -Infinity  -0.4388  ***
                              Control - TP18          -1.2622    -Infinity  -0.4573  ***
                              TP40    - TP18          -1.4205    -Infinity  -0.6156  ***
                              DP01    - TP18          -1.5408    -Infinity  -0.7359  ***
                              TP22    - TP18          -1.6243    -Infinity  -0.8194  ***
                              TP41    - TP18          -1.7463    -Infinity  -0.9414  ***
                              TP06    - TP18          -2.0087    -Infinity  -1.2038  ***
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 Jefferson County
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 Noggin 250 Smart Cart & Electromagnetic
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Project/Submittal No.:

 07.2041
Field Effort Performed/Report Prepared by:

 MCR/LGB/LMR

This technical memorandum presents the results of  geophysical exploration to determine the approximate depth 
and extents of potential metallic fill located at the former Irondale Iron & Steel Plant site in Irondale, Washington.   A 
two-person field crew from APOLLO GEOPHYSICS completed the  geophysical field program on  Thursday, June
14, 2007.   

We investigated the site, as directed by GeoEngineers, Inc. personnel, with an Electromagnetic (EM) instrument, to 
delineate the approximate lateral extents of potential metallic fill. We traversed the site with the EM instrument on 
grid of approximate 5-foot line spacings.  We further investigated the site using Ground Penetrating Radar (GPR), 
which enabled us to map the relative depth and extents of potential metallic fill. 

RESULTS OF THE GEOPHYSICAL SURVEY
This survey was completed to ascertain the subsurface conditions based on historical site use.  We traversed the 
survey area with the EM instrument on a grid of 5-foot line spacings.  Ten GPR traverses, A through J, were also 
completed in the survey area.  The GPR traverses range from 50-feet to 695-feet in length.  The approximate 
location of the EM and GPR survey area is presented on the Site Plan in Figure 1.  

Overall  the EM and GPR data correlate well.   Potential  metallic fill  appears to be greatly concentrated  to the 
Southeast near the 'Slag Outcrop' with  concentrations decreasing to the Northwest, as shown by the dashed red 
line in Figure 2 . Both the EM and GPR data show minimal metallic fill along GPR Traverse A.  The EM survey 
showed little evidence of potential metallic fill extending to the Northwest beyond the existing road.    

EM and GPR anomalies, which may indicate the presence of potential underlying metallic fill, were located utilizing 
a Garmin  76CSx DGPS instrument.   The GPS plot  illustrating the approximate lateral  extents of EM and GPR 
anomalies is presented on the Electromagnetic Survey – Lateral Extent Plot in Figure 2.  

The GPR Imagery for the traverses is presented in Figures 3 through 7.  The approximate interpreted bounds of 
metallic  fill  is  presented  on  the  GPR  Imagery  as  dashed  and  solid  yellow  lines.   Interpreted  inter-mixed 
sands/metallic fill is shown as a dashed orange circle.   

The ‘GPR Imagery’ presented in Figures 3 through 7 have a horizontal scale of approximately 1 inch equals 50 feet 
and vertical scale of approximately  1 inch equals 5 feet. With regard to the estimated vertical scale, the normal 
relationship between radar time and actual depth for the Northwest Region is approximately 4 to 4.5 nanoseconds 
per foot. It should be noted that this relationship holds true in a general sense. Variations of water content, silt 
content and other factors, such as the presence of concrete flooring, may also change this relationship. Therefore it 
should be expected that the vertical scale is an estimate only and may vary from the shown scale. 

www.apollogeophysics.com

http://www.apollogeophysics.com/
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ELECTROMAGNETIC
The electromagnetic, or EM device, transmits and receives an electromagnetic signal. The EM signal is transmitted 
through the ground, which in turn radiates a signal that is dependent on the ground conductivity and which is also 
received at the receiver. The two signals, the transmitted and ground response EM waves, are balanced for a zero 
response  in  the  instrument.  When  the  ground  conditions  change,  for  example,  when  the  transmitted  signal 
encounters buried metal, the balance or null point changes, and the instrument responds with an audible signal. 
Depending on the size of the metal object, the penetration is up to 10 feet in depth.

GROUND PENETRATING RADAR
APOLLO GEOPHYSICS uses a Noggin 250 SmartCart antenna for shallow subsurface investigations. The radar 
antenna transmits an electromagnetic step-pulse at a frequency of 250 MHz at a selected stack rate of 32. When 
the signal encounters a change in electrical properties/permittivity, a portion of the signal energy is reflected back to 
the surface. The character of the reflection is used to define the source of the reflection. The reflected signal is 
received by the antenna, processed and the raw data is recorded by the on-board Digital Video Logger (DVL) with a 
256 MB compact  flash drive.  The DVL allows for  control,  display,  and recording of  real-time data.   The radar 
displays the data in real-time, which enables us to review the data in the field for on the spot evaluation. The raw 
data, as recorded by the DVL, is then later processed to remove unwanted peripheral effects by proprietary GPR 
software.  APOLLO GEOPHYSICS is a manufacturer representative of the Noggin SmartCart systems.

WARRANTY OF SERVICES:  All geophysical information presented is based upon geophysical measurements made by generally accepted methods and field 
procedures and APOLLO GEOPHYSICS’ interpretation of these data. The geophysical results are, therefore, interpretative in nature and are considered to be 
a reasonably accurate presentation of existing conditions within the limitations of the methods employed. Services performed by APOLLO GEOPHYSICS under 
this agreement are conducted in a manner consistent with, but no less than, that level of care skill ordinarily exercised by members of the profession currently 
practicing under similar conditions. We cannot guarantee the accuracy or correctness of any interpretation, and we shall not be liable or responsible for any 
loss, cost, damages or expenses incurred or sustained by the Client resulting from any interpretation made by any of our officers, agents or employees. No 
other warranty, expressed or implied, is made. APOLLO GEOPHYSICS recognizes that subsurface conditions may vary from those encountered at the location 
where geophysical or other explorations are made. The data interpretations and recommendations made by APOLLO GEOPHYSICS are based solely on the 
information available  to them at the time of  performance;  and  APOLLO GEOPHYSICS shall  not be responsible for  the interpretation,  by others,  of  the 
information developed.

We appreciate the opportunity to conduct the Geophysical  Exploration for this project. Please do not hesitate to contact us if  you have any questions or  
comments.  Please keep us informed on the developments pertaining to the project.

Attachment: Figures 1 through 7 Signed: Date: Thursday, August 16, 2007
Lynn M. Ringstad, Licensed Engineering Geologist

www.apollogeophysics.com

http://www.apollogeophysics.com/
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Health Consultation: A Note of Explanation  

An ATSDR health consultation is a verbal or written response from ATSDR to a specific 
request for information about health risks related to a specific site, a chemical release, or 
the presence of hazardous material. In order to prevent or mitigate exposures, a 
consultation may lead to specific actions, such as restricting use of or replacing water 
supplies; intensifying environmental sampling; restricting site access; or removing the 
contaminated material.  

In addition, consultations may recommend additional public health actions, such as 
conducting health surveillance activities to evaluate exposure or trends in adverse health 
outcomes; conducting biological indicators of exposure studies to assess exposure; and 
providing health education for health care providers and community members. This 
concludes the health consultation process for this site, unless additional information is 
obtained by ATSDR which, in the Agency’s opinion, indicates a need to revise or append 
the conclusions previously issued. 

You May Contact ATSDR Toll Free at  
 
1-800-CDC-INFO 
 

or 
 
Visit our Home Page at: http://www.atsdr.cdc.gov  
 

http://www.atsdr.cdc.gov
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Irondale Shellfish 

Forward 
The Washington State Department of Health (DOH) has prepared this health consultation in 
cooperation with the Agency for Toxic Substances and Disease Registry (ATSDR). ATSDR is 
part of the U.S. Department of Health and Human Services and is the principal federal public 
health agency responsible for health issues related to hazardous waste. This health consultation 
was prepared in accordance with methodologies and guidelines developed by ATSDR. 

The purpose of this health consultation is to identify and prevent harmful human health effects 
resulting from exposure to hazardous substances in the environment. Health consultations focus 
on specific health issues so that DOH can respond to requests from concerned residents or 
agencies for health information on hazardous substances. DOH evaluates sampling data collected 
from a hazardous waste site, determines whether exposures have occurred or could occur, reports 
any potential harmful effects, and recommends actions to protect public health.  The findings in 
this report are relevant to conditions at the site during the time of this health consultation, and 
should not necessarily be relied upon if site conditions or land use changes in the future.   

For additional information or questions regarding DOH or the contents of this health 
consultation, please call the health advisor who prepared this document:  

Lenford O’Garro 
Washington State Department of Health 
Office of Environmental Health Assessments 
P.O. Box 47846 
Olympia, WA  98504-7846 
(360) 236-3376 
FAX (360) 236-2251 
1-877-485-7316 
Web site: www.doh.wa.gov/ehp/oehas/sas.htm 

For persons with disabilities this document is available on request in other formats.  To submit a 
request, please call 1-800-525-0127 (voice) or 1-800-833-6388 (TTY/TDD). 

For more information about ATSDR, contact the ATSDR Information Center at 1-888-422-8737 
or visit the agency’s Web site: www.atsdr.cdc.gov/. 
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Irondale Shellfish 

Glossary 

Agency for Toxic 
Substances and Disease 

Registry (ATSDR) 

The principal federal public health agency involved with hazardous waste 
issues, responsible for preventing or reducing the harmful effects of 
exposure to hazardous substances on human health and quality of life. 
ATSDR is part of the U.S. Department of Health and Human Services. 

Aquifer An underground formation composed of materials such as sand, soil, or 
gravel that can store and/or supply groundwater to wells and springs. 

Cancer Risk Evaluation 
Guide (CREG) 

The concentration of a chemical in air, soil or water that is expected to 
cause no more than one excess cancer in a million persons exposed over a 
lifetime. The CREG is a comparison value used to select contaminants of 
potential health concern and is based on the cancer slope factor (CSF). 

Cancer Slope Factor A number assigned to a cancer causing chemical that is used to estimate its 
ability to cause cancer in humans. 

Carcinogen Any substance that causes cancer. 

Comparison value 

Calculated concentration of a substance in air, water, food, or soil that is 
unlikely to cause harmful (adverse) health effects in exposed people. The 
CV is used as a screening level during the public health assessment 
process.  Substances found in amounts greater than their CVs might be 
selected for further evaluation in the public health assessment process. 

Contaminant A substance that is either present in an environment where it does not 
belong or is present at levels that might cause harmful (adverse) health 
effects. 

Dermal Contact Contact with (touching) the skin (see route of exposure). 

Dose 
(for chemicals that are not 

radioactive) 

The amount of a substance to which a person is exposed over some time 
period.  Dose is a measurement of exposure.  Dose is often expressed as 
milligram (amount) per kilogram (a measure of body weight) per day (a 
measure of time) when people eat or drink contaminated water, food, or 
soil.  In general, the greater the dose, the greater the likelihood of an effect.  
An “exposure dose” is how much of a substance is encountered in the 
environment.  An “absorbed dose” is the amount of a substance that 
actually got into the body through the eyes, skin, stomach, intestines, or 
lungs. 

Environmental Media 
Evaluation Guide 

(EMEG) 

A concentration in air, soil, or water below which adverse non-cancer 
health effects are not expected to occur. The EMEG is a comparison value 
used to select contaminants of potential health concern and is based on 
ATSDR’s minimal risk level (MRL). 
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Environmental Protection 
Agency (EPA) United States Environmental Protection Agency. 

Exposure Contact with a substance by swallowing, breathing, or touching the skin or 
eyes. Exposure may be short-term [acute exposure], of intermediate 
duration, or long-term [chronic exposure]. 

Groundwater Water beneath the earth’s surface in the spaces between soil particles and 
between rock surfaces [compare with surface water]. 

Hazardous substance 
Any material that poses a threat to public health and/or the environment. 
Typical hazardous substances are materials that are toxic, corrosive, 
ignitable, explosive, or chemically reactive. 

Ingestion 
The act of swallowing something through eating, drinking, or mouthing 
objects. A hazardous substance can enter the body this way [see route of 
exposure]. 

Ingestion rate 
The amount of an environmental medium that could be ingested typically 
on a daily basis. Units for IR are usually liter/day for water, and mg/day for 
soil. 

Inhalation The act of breathing.  A hazardous substance can enter the body this way 
[see route of exposure]. 

Inorganic Compounds composed of mineral materials, including elemental salts and 
metals such as iron, aluminum, mercury, and zinc. 

Lowest Observed Adverse 
Effect Level (LOAEL) The lowest tested dose of a substance that has been reported to cause 

harmful (adverse) health effects in people or animals. 

Maximum Contaminant 
Level (MCL) 

A drinking water regulation established by the federal Safe Drinking Water 
Act. It is the maximum permissible concentration of a contaminant in water 
that is delivered to the free flowing outlet of the ultimate user of a public 
water system. MCLs are enforceable standards. 

Media Soil, water, air, plants, animals, or any other part of the environment that 
can contain contaminants. 
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Minimal Risk Level 
(MRL) 

An ATSDR estimate of daily human exposure to a hazardous substance at 
or below which that substance is unlikely to pose a measurable risk of 
harmful (adverse), noncancerous effects.  MRLs are calculated for a route 
of exposure (inhalation or oral) over a specified time period (acute, 
intermediate, or chronic). MRLs should not be used as predictors of 
harmful (adverse) health effects [see reference dose]. 

Model Toxics Control Act 
(MTCA) The hazardous waste cleanup law for Washington State. 

No apparent public health 
hazard 

A category used in ATSDR’s public health assessments for sites where 
human exposure to contaminated media might be occurring, might have 
occurred in the past, or might occur in the future, but where the exposure is 
not expected to cause any harmful health effects. 

No Observed Adverse 
Effect Level (NOAEL) 

The highest tested dose of a substance that has been reported to have no 
harmful (adverse) health effects on people or animals. 

Oral Reference Dose 
(RfD) 

An amount of chemical ingested into the body (i.e., dose) below which 
health effects are not expected. RfDs are published by EPA. 

Organic Compounds composed of carbon, including materials such as solvents, oils, 
and pesticides that are not easily dissolved in water. 

Parts per billion 
(ppb)/Parts per million 

(ppm) 

Units commonly used to express low concentrations of contaminants. For 
example, 1 ounce of trichloroethylene (TCE) in 1 million ounces of water 
is 1 ppm. 1 ounce of TCE in 1 billion ounces of water is 1 ppb. If one drop 
of TCE is mixed in a competition size swimming pool, the water will 
contain about 1 ppb of TCE. 

Plume 

A volume of a substance that moves from its source to places farther away 
from the source. Plumes can be described by the volume of air or water 
they occupy and the direction they move. For example, a plume can be a 
column of smoke from a chimney or a substance moving with groundwater. 

Reference Dose Media 
Evaluation Guide 

(RMEG) 

A concentration in air, soil, or water below which adverse non-cancer 
health effects are not expected to occur. The RMEG is a comparison value 
used to select contaminants of potential health concern and is based on 
EPA’s oral reference dose (RfD). 

Route of exposure 
The way people come into contact with a hazardous substance.  Three 
routes of exposure are breathing [inhalation], eating or drinking [ingestion], 
or contact with the skin [dermal contact]. 
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Surface Water Water on the surface of the earth, such as in lakes, rivers, streams, ponds, 
and springs [compare with groundwater].
 

Volatile organic 
compound (VOC) 

Organic compounds that evaporate readily into the air. VOCs include 
 
substances such as benzene, toluene, methylene chloride, and methyl 
chloroform. 
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Summary and Statement of Issues 
The Washington State Department of Health (DOH) prepared this health consultation to evaluate 
contaminants found in shellfish from Irondale Beach Park and Chimacum Creek Tidelands. The 
purpose of this health consultation is to fulfill a data gap based on a single composite sample 
from Jefferson County Public Health (JCPH). DOH prepares health consultations under a 
cooperative agreement with the Agency for Toxic Substances and Disease Registry (ATSDR). 

Background 
Irondale Beach Park is located along the sheltered Port Townsend Bay on the northeastern corner 
of the Olympic Peninsula in Irondale, Jefferson County, Washington State (see Figure 1). The 
city of Irondale was platted in 1909 with a population of 1500 and plans were made for a 
booming city of 20,000 in three years [1].  The community was named for an iron smelting plant. 
Irondale Furnace, Puget Sound Iron Company (Irondale Furnace) was built in 1880-1881 and 
operated a hot blast, open top furnace that produced # 1 foundry pig iron with an annual capacity 
of 10,000 tons [2]. Irondale Furnace operated through 1889 then closed. The smelting plant later 
reopened as Western Steel Company and smelting continued intermittently into the early 1900’s. 

Today, Irondale is an unincorporated community and is part of the “Tri-Area” of Irondale, 
Chimacum and Port Hadlock in central-east Jefferson County.  In 2001, Jefferson County 
purchased the 13-acre former industrial site and shoreline area (Irondale Beach Park). In 2005, a 
citizen complained of oil on the beach and the Washington State Department of Ecology 
(Ecology) investigated and took three samples. These samples revealed the presence of severely 
weathered fuel oil that exceeded the state's Model Toxic Control Act (MTCA) cleanup level. In 
March 2006, Ecology placed the site on the suspected contaminated site list. Irondale Beach Park 
has been identified as a high-priority cleanup area as part of Governor Christine Gregoire’s Puget 
Sound Initiative, to protect and restore Puget Sound and Hood Canal to good ecosystem health 
by 2020. 

In December 2006, Irondale Beach Park was closed pending concerns about potential human 
health risks. Jefferson County Public Health (JCPH) conducted additional tests including a single 
multi-species composite shellfish sample. The shellfish tissue was analyzed for polycyclic 
aromatic hydrocarbons (PAHs) and metals. The sample results indicated that lead may be of 
concern to human health especially for young children, but the nature in which the sample was 
taken did not follow standard protocols. Therefore, DOH recommended additional shellfish 
sampling at the site. In April 2007, Irondale Beach Park was reopened to the public. However, 
JCPH and Jefferson County posted signs warning of possible risk to human health from 
consumption of intertidal shellfish harvested in the area. Currently, DOH Office of Shellfish and 
Water Protection has a marine biotoxin closure for butter clams in the Chimacum Creek 
Tidelands and Irondale Beach Park area. 

The Washington State Department of Fish and Wildlife (WDFW) indicated that there are 
sufficient numbers of native littleneck clams (Protothaca staminea) at Irondale Beach Park. The 
WDFW also indicated the adjoining Chimacum Creek Tidelands has native littleneck clams, 
butter clams (Saxidomus giganteus), horse clams (Tresus nuttalli and Tresus capax) and eastern 
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softshell clams (Mya arenaria). According to WDFW beach surveys, about 1,334 recreational 
harvesters collected shellfish from the Irondale Beach Park growing area in 2005.  

Sample Collection, preparation, and analysis 
Two different regions were sampled by DOH, Figure 2: (A) Irondale Beach Park and (B) 
Chimacum Creek Tidelands. Table 1 shows the species and sample location. All shellfish 
samples were collected during a low tidal cycle on June 14, 2007, as close to the water as 
practical. All clams taken for analysis were of legal size and all specimens were unbroken. Each 
sample of the primary species (Littleneck clams) consisted of 30 individual organisms with the 
exception of the two samples from Irondale Beach Park, which consisted of 23 and 24 individual 
of the same species. Each sample of the secondary species (Butter clams) consisted of 15 
individual organisms of the same species. Each sample was placed in zipper-locked plastic bags, 
given a unique identifier, placed on ice, and hand delivered to Severn Trent Laboratories (STL) 
Seattle located in Fife. Samples were shucked, and then the tissues were homogenized and 
analyzed by STL. Tissues were analyzed for total arsenic, cadmium, chromium, copper, lead, 
and zinc. 

Table1. Sample summary for shellfish sampled in Irondale beach and Chimacum Creek 
Tidelands, Irondale, Jefferson County, Washington. Note: each sample was composed of 15 to 
30 individuals (see text above). 

Sample species 
Number of samples 

Irondale Chimacum 

Littleneck clams   2 3 

Butter clams 2 1 

Results 

Results of the shellfish analyses are presented in Tables 2 - 5. The mean and maximum 
concentrations for each species are shown in Tables 4 and 5. There were no obvious differences 
in metal concentrations between sample locations where Littleneck clams were taken. However, 
there may be differences in metals (arsenic, cadmium and copper) concentrations between 
species (Table 2). Due to small sample size from each area, variances in species differences were 
not calculated.  When compared to the mean range for metals found in littleneck clams in the 
Puget Sound, the littleneck clam means from Irondale Beach Park and Chimacum Creek 
Tidelands are within the Puget Sound range (Table 3). 
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Table 2: Analytical results for sample taken from Irondale Beach Park and Chimacum Creek 
Tidelands in Irondale, Washington. 

Littleneck Arsenic 
(ppm) 

Cadmium 
(ppm) 

Chromium 
(ppm) 

Copper 
(ppm) 

Lead 
(ppm) 

Zinc 
(ppm) 

1 1.7 0.24 0.11 J 1.4 0.13 J 13 B 
2 1.9 0.27 0.14 J 1.4 0.061 J 13 B 
3 2.1 0.44 0.084 J 1.3 0.027 J 16 B 
4 1.7 0.27 0.12 J 1.2 0.029 J 14 B 
5 1.9 0.28 0.074 J 1.2 0.030 J 17 B 

Butter Arsenic 
(ppm) 

Cadmium 
(ppm) 

Chromium 
(ppm) 

Copper 
(ppm) 

Lead 
(ppm) 

Zinc 
(ppm) 

1 2.8 0.060 J 0.52 1.8 0.11 J 12 B 
2 2.7 0.084 J 0.52 2.1 0.14 J 13 B 
3 2.5 0.083 J 0.36 2.1 0.056 J 15 B 

J - Result is less than the reporting limit but greater than or equal to the method detection limit and the concentration
 
is an approximate value.
 
B - Compound was found in the blank and sample. 
 
PPM – parts per million 
 

Table 3: Comparison of the Irondale Beach Park and Chimacum Creek Tidelands littleneck clam 
mean to the Puget Sound littleneck clam mean range, Washington. 

Location Arsenic 
(ppm) 

Cadmium 
(ppm) 

Copper 
(ppm) 

Lead 
(ppm) 

Zinc 
(ppm) 

Puget Sound 
Littleneck 
clams mean 
range 

1.36 – 2.54 0.16 – 0.33 0.73 – 1.8 0.0 – 0.24 10.32 – 15.08 

IBP & CCT 
Littleneck 
clams mean 1.9 0.3 1.3 0.06 J 15.0 B 

J - Result is less than the reporting limit but greater than or equal to the method detection limit and the concentration
 
is an approximate value.
 
B - Compound was found in the blank and sample. 
 
PPM – parts per million 
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Discussion 
Contaminants of Concern 
Contaminants of concern (COC) in shellfish were determined by employing a screening process. 
Screening values (SV) were developed according to EPA guidance and are used to narrow the 
focus of evaluation to contaminants that are present at potential levels of public health concern 
[3]. Maximum shellfish contamination levels from each contaminant were screened against SV 
for cancer and non-cancer health effects (see Table 4, 5 and Appendix A).   

For chemicals that cause cancer, SV represent levels that are calculated to increase the risk of 
cancer by about one in one hundred thousand. With the exception of lead, SV for chemicals that 
do not cause cancer represent levels that are not expected to cause any health problems. These 
types of SV often form the basis for cleanup. In general, if a contaminant’s maximum 
concentration is greater than its SV, then the contaminant is evaluated further. However, for lead 
the evaluation is based on the goal of keeping blood lead levels in most children below 10 
micrograms per deciliter (μg/dl). 

The contaminants of concern are highlighted in bold in Table 4 and 5 below. These contaminants 
will be evaluated in the following section. Other contaminants are not present at levels of 
concern and are not evaluated in this document. 

Table 4: Mean and maximum metal concentrations found in shellfish and screening value used 
in evaluating shellfish from Irondale beach, Irondale, Jefferson County, Washington. 

Metals 
Littleneck clams Butter clams Screening Value Contaminant 

of concernConcentration 
(ppm) 

Concentration (ppm) Concentration 
(ppm) 

Mean Maximum Mean Maximum Non-
Cancer 

Cancer 

Total Arsenic 1.8 1.9 2.75 2.8 NA NA NA 
Inorganic 

Arsenic 1 % 
of total  

0.018 0.019 0.0275 0.028 0.065 0.00038 Yes 

Cadmium 0.255 0.27 0.072 0.084 J 0.22 NA* Yes 
Chromium 0.125 0.14 J 0.52 0.52 0.65 NA No 

Copper 1.4 1.4 1.95 2.1 8.7 NA No 
Lead 0.096 0.13 J 0.125 0.14 J NA** NA** Yes 
Zinc 13.0 13.0 B 12.5 13.0 B 65.2 NA No 

NA- Not applicable  
* Cadmium cancer risk is based on inhalation not ingestion.
 
**IEUBK - Integrated Exposure Uptake Biokinetic Model for Lead in Children is used to predict blood lead in 
 
children.
 
J - Result is less than the reporting limit but greater than or equal to the method detection limit and the concentration
 
is an approximate value.
 
B - Compound was found in the blank and sample. 
 
PPM – parts per million 
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Table 5: Mean and maximum metal concentrations found in shellfish and screening value used 
in evaluating shellfish from Chimacum Creek Tidelands, Irondale, Jefferson County, 
Washington. 

Metals 
Littleneck clams Butter clams Screening Value Contaminant 

of concernConcentration 
(ppm) 

Concentration 
(ppm) 

Concentration 
(ppm) 

Mean Maximum Maximum Non-
Cancer 

Cancer 

Total 
Arsenic 1.9 2.1 2.5 NA NA NA 

Inorganic 
Arsenic 1 % 

of total  
0.019 0.021 0.025 0.065 0.00038 Yes 

Cadmium 0.33 0.44 0.083 J 0.22 NA* Yes 
Chromium 0.093 0.12 J 0.36 0.65 NA No 

Copper 1.23 1.3 2.1 8.7 NA No 
Lead 0.029 0.03 J 0.056 J NA** NA** No 
Zinc 15.7 17.0 B 15.0 B 65.2 NA No 

NA- Not applicable  
* Cadmium cancer risk is based on inhalation not ingestion.
 
**IEUBK - Integrated Exposure Uptake Biokinetic Model for Lead in Children is used to predict blood lead in 
 
children.
 
J - Result is less than the reporting limit but greater than or equal to the method detection limit and the concentration
 
is an approximate value.
 
B - Compound was found in the blank and sample. 
 
PPM – parts per million 
 

Chemical Specific Toxicity 
Lead – Occurrence, Health Concerns, and Risks 

Lead is a naturally occurring chemical element that is normally found in soil. In Washington, 
normal soil background concentrations rarely exceed 20 ppm [4]. However, the widespread use 
of certain products (such as leaded gasoline, lead-containing pesticides, and lead-based paint) 
and the emissions from certain industrial operations (such as smelters) has resulted in 
significantly higher levels of lead in soil in many areas of the state.  

Elimination of lead in gasoline and solder used in food and beverage cans has greatly reduced 
exposure to lead. Currently, the main pathways of lead exposure in children are ingestion of 
paint chips, contaminated soil and house dust, and drinking water in homes with old plumbing.  

Children less than seven years old are particularly vulnerable to the effects of lead. Compared to 
older children and adults, they tend to ingest more dust and soil, absorb significantly more of the 
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lead that they swallow, and more of the lead that they absorb can enter their developing brain. 
Pregnant women and women of childbearing age should also be aware of lead in their 
environment because lead ingested by a mother can affect the unborn fetus.  

Health effects 

Exposure to lead can be monitored by measuring the level of lead in the blood. In general, blood 
lead rises 3-7 μg/dl for every 1,000 ppm increase in soil or dust concentration [5]. For children, 
the Centers for Disease Control and Prevention (CDC) has defined an elevated blood lead level 
(BLL) as greater than or equal to 10 micrograms of lead per deciliter of blood (μg/dl) [6]. 
However, there is growing evidence that damage to the central nervous system resulting in 
learning problems can occur at blood lead levels less than 10 μg/dl. About 2.2 percent of 
children in the U.S. have blood lead levels greater than 10 μg/dl. 

Lead poisoning can affect almost every system of the body and often occurs with no obvious or 
distinctive symptoms. Depending on the amount of exposure a child has, lead can cause 
behavioral and learning problems, central nervous system damage, kidney damage, reduced 
growth, hearing impairment, and anemia [7].  

In adults, lead can cause health problems such as high blood pressure, kidney damage, nerve 
disorders, memory and concentration problems, difficulties during pregnancy, digestive 
problems, and pain in the muscles and joints [7]. These have usually been associated with blood 
lead levels greater than 30 μg/dl. 

Because of chemical similarities to calcium, lead can be stored in bone for many years. Even 
after exposure to environmental lead has been reduced, lead stored in bone can be released back 
into the blood where it can have harmful effects. Normally this release occurs relatively slowly. 
However, certain conditions, such as pregnancy, lactation, menopause, and hyperthyroidism can 
cause more rapid release of the lead, which could lead to a significant rise in blood lead level [8].  

Arsenic 
Arsenic is a naturally occurring element in the earth's soil.  Background soil arsenic 
concentrations in Puget Sound Basin range from about 1.5 to 17.1 ppm [4]. However, the 
widespread use of arsenic-containing pesticides and emissions from certain smelters has resulted 
in significantly higher levels of arsenic on many properties in the state. There are two forms of 
arsenic - organic and inorganic. The EPA established oral reference dose (RfD) for arsenic is 
0.0003 mg/kg/day based on skin color changes and excessive growth of tissue (human data) [9]. 
EPA classifies the inorganic form of arsenic as a human carcinogen. The recent EPA IRIS 
review draft presented a cancer slope factor for combined lung and bladder cancer of 5.7 per 
mg/kg/day [10]. The slope factor calculated from the work by the National Research Council is 
about 21 per mg/kg/day [11]. These slope factors could be higher if the combined risk for all 
arsenic-associated cancers (bladder, lung, skin, kidney, liver, etc.) were evaluated. For this health 
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consultation, DOH used a slope factor of 5.7 per mg/kg/day, which appears to reflect EPA's most 
recent assessment. 

Studies have shown inorganic arsenic is much more harmful than organic arsenic. Therefore, 
DOH will base this health evaluation on the levels of inorganic arsenic present in shellfish 
samples. Generally, inorganic arsenic in fish and shellfish normally ranged from about 1-20% of 
the total arsenic [9, 11, 12, 13]. Ecology’s evaluation of shellfish in the Puget Sound indicated 
that less than 1% of the total arsenic found was in the inorganic form of arsenic [14]. For this 
health consultation, DOH assumed that 1% of the total arsenic detected was inorganic arsenic.  
Therefore, 1% of the concentration was used to calculate the estimated dose from exposure to 
inorganic arsenic in shellfish. 

Cadmium 
Cadmium is a naturally occurring element in the earth's crust. Cadmium is used mainly in 
batteries, pigments, metal coatings, and metal alloys. Cadmium is found in most foods at low 
levels, with the lowest levels found in fruits and the highest found in leafy vegetables and 
potatoes. Shellfish have higher cadmium levels (up to 1 ppm) than other types of fish or meat. 
Cadmium is stored in the liver and kidneys and slowly leaves the body in the urine and feces 
[15]. However, high levels of cadmium will cause kidney damage, and causes bones to become 
fragile and break easily. Occupational exposure to inhaled cadmium is suspected to be a cause of 
lung cancer in workers, while animal studies have confirmed the ability of cadmium to cause 
lung tumors via the inhalation route. Studies of workers exposed to airborne cadmium also 
suggest a link with prostate cancer. The ability of cadmium to cause cancer via the oral route is 
disputed. The RfD for cadmium that is ingested with food is 0.001 mg/kg/day.  

Evaluating non-cancer hazards 
Exposure assumptions for estimating contaminant doses from shellfish exposure are found in 
Appendix B, Table B1 – B2. In order to evaluate the potential for non-cancer adverse health 
affects that may result from exposure to contaminated media (i.e., air, water, soil, and sediment), 
a dose is estimated for each contaminant of concern. These doses are calculated for situations 
(scenarios) in which area residents or vacationers might be exposed to the contaminated media. 
The estimated dose for each contaminant under each scenario is then compared to EPA’s oral 
reference dose (RfD). RfDs are doses below which non-cancer adverse health effects are not 
expected to occur (so-called “safe” doses). They are derived from toxic effect levels obtained 
from human population and laboratory animal studies. These toxic effect levels can be either the 
lowest-observed adverse effect level (LOAEL) or a no-observed adverse effect level (NOAEL). 
In human or animal studies, the LOAEL is the lowest dose at which an adverse health effect is 
seen, while the NOAEL is the highest dose that did not result in any adverse health effects. 

Because of uncertainty in these data, the toxic effect level is divided by “safety factors” to 
produce the lower and more protective RfD. If a dose exceeds the RfD, this indicates only the 
potential for adverse health effects. The magnitude of this potential can be inferred from the 
degree to which this value is exceeded. If the estimated exposure dose is only slightly above the 
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RfD, then that dose will fall well below the toxic effect level. The higher the estimated dose is 
above the RfD, the closer it will be to the actual toxic effect level. This comparison is called a 
hazard quotient (HQ) and is given by the equation below: 

HQ = Estimated Dose (mg/kg-day)
   RfD (mg/kg-day) 

Estimated exposure doses, exposure assumptions, and hazard quotients are presented in 
Appendix B for COCs (arsenic and cadmium) found in shellfish. Based on exposure estimates 
quantified in Appendix B, the general population (adults and children) are not likely to 
experience adverse non-cancer health effects from exposure to chemical contaminants in 
shellfish. High end consumption, estimated doses from exposure to cadmium in shellfish species 
from Irondale Beach Park and Chimacum Creek Tidelands, resulted in hazard quotients in excess 
of one (see Appendix B, Table B3). However, as mentioned above, if the estimated exposure 
dose is only slightly above the RfD, then that dose will likely fall well below the toxic effect 
level. The higher the estimated dose is above the RfD, the closer it will be to the actual toxic 
effect level. In addition, based on the Suquamish Tribe shellfish species-specific consumption 
rate for 90th percentile consumers only, high-end consumption would not result in hazard 
quotients in excess of one. 

Evaluating exposure to lead 
The biokinetics of lead are different from most toxicants because it is stored in bone and remains 
in the body long after it is ingested. Children’s exposure to lead is evaluated through the use of 
the Integrated Exposure Uptake Biokinetic Model for lead in children (IEUBK) developed by the 
EPA. The IEUBK predicts blood lead levels in a distribution of exposed children based on the 
amount of lead that is in environmental media (e.g. shellfish) [16]. It is important to note that the 
IEUBK model is not expected to accurately predict the blood lead level of a child (or a small 
group of children) at a specific point in time. In part, this is because a child (or group of children) 
may behave differently, and therefore have different amounts of exposure to contaminated soil 
and dust, than the average group of children used by the model to calculate blood lead levels. For 
example, the model does not take into account reductions in exposure that could result from 
community education programs. Despite this limitation, the IEUBK model is a useful tool to help 
prevent lead poisoning because of the information it can provide about the hazards of 
environmental lead exposure. For children who are regularly exposed to lead-contaminated 
shellfish, the IEUBK model can estimate the percentage of young children who are likely to have 
blood lead concentrations that exceed a level that may be associated with health problems 
(usually 10 μg/dl). 

Average shellfish lead concentrations and estimated blood lead levels 

The IEUBK model was used to estimate the percentage of children that could have elevated 
blood lead levels if they frequently eat lead contaminated shellfish. Exposure assumptions for 
estimating blood lead from shellfish exposure are found in Appendix C, Table C1. Default 
parameters were used for all other model inputs [16]. Exposure were based on a general 
population scenario of children eating 0.57 g/day or Tribal high-end consumer scenario of 
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children eating 34.8 g/day of shellfish containing the average or maximum concentration of lead. 
Based on these scenarios, the model indicates no children would exceed the EPA’s criteria of no 
more than 5% of the community with BLLs above 10 µg/dL (see Appendix C, Table C1 – C2). 

The adult lead model was used to estimate the percentage of fetus that would have elevated 
blood lead levels if women frequently ate lead contaminated shellfish. Exposure assumptions for 
estimating blood lead from shellfish exposure are found in Appendix C, Table C3 – C4. 
Exposures were based on a general population scenario of adults eating 17.5 g/day or Tribal 
high-end consumer scenario of adults eating 322 g/day of shellfish containing the average or 
maximum concentration of lead. Based on these scenarios, the model indicates only Tribal high-
end consumer (mothers) fetus would exceed the EPA’s criteria of no more than 5% of the 
community with BLLs above 10 µg/dL (see Appendix C, Table C3). However, based on the 
Suquamish Tribe shellfish species-specific consumption rate for the 90th percentile consumers 
only, high-end consumption would not result in over 5 % of fetuses with blood lead levels 
greater than 10 μg/dl (see Appendix C, Table C4). 

Evaluating Cancer Risk 
Some chemicals have the ability to cause cancer. Cancer risk is estimated by calculating a dose 
similar to that described above and 
multiplying it by a cancer potency factor, 
also known as the cancer slope factor Cancer Risk
(CSF). Some cancer potency factors are Cancer risk estimates do not reach zero no derived from human population data. matter how low the level of exposure to a 
Others are derived from laboratory animal carcinogen.  Terms used to describe this risk 
studies involving doses much higher than are defined below as the number of excess 
are encountered in the environment. Use of cancers expected in a lifetime: 

 # of Excess Cancersanimal data requires extrapolation of the Term
 low is approximately equal to          1 in 10,000 cancer potency obtained from these high   very low     is approximately equal to 1 in 100,000 

dose studies down to real-world exposures.     slight is approximately equal to 1 in 1,000,000 
This process involves much uncertainty. insignificant       is less than 1 in 1,000,000 

Current regulatory practice suggests that 
there is no “safe dose” of a carcinogen and 
that a very small dose of a carcinogen will 
result in a very small cancer risk. Cancer risk estimates are, therefore, not yes/no answers but 
measures of chance (probability). Such measures, however uncertain, are useful in determining 
the magnitude of a cancer threat because any level of a carcinogenic contaminant carries an 
associated risk. The validity of the “no safe dose” assumption for all cancer-causing chemicals is 
not clear. Some evidence suggests that certain chemicals considered to be carcinogenic must 
exceed a threshold of tolerance before initiating cancer. For such chemicals, risk estimates are 
not appropriate. More recent guidelines on cancer risk from EPA reflect the potential that 
thresholds for some carcinogenesis exist. However, EPA still assumes no threshold unless 
sufficient data indicate otherwise [17]. 
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This document describes cancer risk that is attributable to site-related contaminants in qualitative 
terms like low, very low, slight and no significant increase in cancer risk. These terms can be 
better understood by considering the population size required for such an estimate to result in a 
single cancer case. For example, a low increase in cancer risk indicates an estimate in the range 
of one cancer case per ten thousand persons exposed over a lifetime. A very low estimate might 
result in one cancer case per several tens of thousands exposed over a lifetime and a slight 
estimate would require an exposed population of several hundreds of thousands to result in a 
single case. DOH considers cancer risk insignificant when the estimate results in less than one 
cancer per one million exposed over a lifetime. The reader should note that these estimates are 
for excess cancers that might result in addition to those normally expected in an unexposed 
population. 

Cancer is a common illness and its occurrence in a population increases with age. Depending on 
the type of cancer, a population with no known environmental exposure could be expected to 
have a substantial number of cancer cases. There are many different forms of cancer that result 
from a variety of causes; not all are fatal. Approximately 1/4 to 1/3 of people living in the United 
States will develop cancer at some point in their lives [18]. 

Cancer risk from exposure to shellfish was calculated for arsenic only (see Appendix B, Table 
B4 – B5). The lifetime increase of cancer risk associated with exposure to arsenic at maximum in 
shellfish is low to slight (4.51 x 10-4) or (5 in 10,000) to (2.63 x 10-6) or (3 in 1,000,000). 
However, based on the Suquamish Tribe shellfish species-specific consumption rate for the 90th 

percentile consumers only, high-end consumption would result in a lifetime increase of cancer 
risk ranging from low to very low  (2.62 x 10-5) or (3 in 100,000) to (2.09 x 10-5) or (2 in 
100,000) for butter and littleneck clams respectively. These risks do not exceed the range of 
cancer risks considered acceptable by EPA (1x 10-4 to 1x 10-6). 

No cancer risk was calculated for cadmium because cancer caused via the oral route by cadmium 
is disputed. In addition, the CSF for cadmium is for cadmium via the inhalation route, which is 
not a likely exposure route in this case. 

Children’s Health Concerns 

ATSDR recognizes that infants and children may be more vulnerable to exposures than adults 
may, when faced with contamination of air, water, soil, or food. This vulnerability is a result of 
the following factors: 

•	 Children are smaller and receive higher doses of chemical exposure per body weight 

•	 Children’s developing body systems are more vulnerable to toxic exposures, especially 
during critical growth stages in which permanent damage may be incurred. 

Special consideration will be given to children’s exposure to contaminants by assuming that 
children eat proportionately more shellfish than adults do.  
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Conclusions 
1.	 Exposure to arsenic, cadmium and lead in Irondale Beach Park and Chimacum Creek 

Tidelands shellfish represents no apparent public health hazard. 

i.	 Maximum arsenic concentration would result in a lifetime cancer risk for 
high-end (subsistence) consumers of about 5 in 10,000, assuming all 
shellfish consumed contains the maximum level of arsenic and are from 
this area only. However, based on the Suquamish Tribe shellfish species-
specific consumption rate for the 90th percentile consumers only, 
subsistence consumption would result in a lifetime cancer risk of about 2 
in 100,000. The average or background total arsenic level for littleneck 
clams at Irondale Beach Park and Chimacum Creek Tidelands is similar to 
that in the rest of the Puget Sound at about 1.9 ppm. 

ii.	 Adults and children consuming shellfish from Irondale Beach Park and 
Chimacum Creek Tidelands that contain the maximum reported lead 
concentration (0.14 ppm) would not be expected to have elevated blood 
lead levels. On the other hand, fetuses of subsistence consumers would 
exceed the EPA’s criteria of no more than 5% of the community with 
BLLs above 10 µg/dL. However, based on the Suquamish Tribe shellfish 
species-specific consumption rate for the 90th percentile consumers only, 
subsistence consumer fetuses would not result in elevated blood lead 
levels. 

•	 Average or subsistence consumption of shellfish from Irondale Beach Park and 
Chimacum Creek Tidelands is not likely to result in non-cancer health effects.  

Recommendations 
The Department of Health’s Office of Shellfish and Water Protection (OSWP), JCPH and 
Jefferson County should use this health consultation to guide their decision for recreational 
harvesting of shellfish in the Irondale Beach Park and Chimacum Creek Tidelands area. 

Public Health Action Plan 
Actions completed 

1.	 Sampling and analysis of clam for inorganic contaminants has been conducted to 
determine whether or not chemical contaminants are present at levels of health concern.  

2.	 Butter and Littleneck clams inorganic contaminant data has been evaluated by DOH and 
presented within this health consultation.  
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Action Planned 
1.	 The OSWP will use this health consultation as part of the pollution source evaluation 

for this area. 

2.	 DOH will send copies of the health consultation to concerned parties and provided 
hard copies to repository located: Jefferson County Rural Library District - 620 Cedar 
Ave, Port Hadlock, WA 98339 (360) 385-6544. 
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Figure 1. Port Townsend Bay, Irondale Beach Park Shellfish Growing area, Jefferson 
County Washington State 
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Figure 2. Irondale Beach Park (A) and adjacent Chimacum Creek Tidelands (B) shellfish 
collection area, Jefferson County Washington State 
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Appendix A 
Screening Value Calculations 

For Non-cancer Health Effects 

SV = [(MRL or RfD)*BW]/CR  

SV = Screening value (mg/kg or ppm) 
 
MRL = Minimal risk level (mg/kg/day)  
 
RfD = Reference dose (mg/kg/day) 
 
BW = Mean body weight (kg)  
 
CR = Suquamish Tribe 90th percentile adult (all shellfish) daily consumption rate (kg/day) [19] 
 

BW = 70kg 
 
CR = 0.322 kg/day 
 

If maximum concentration is greater than screening value, further evaluation is required. 
 

For Cancer Health Effects 


Cadmium cancer risk is based on inhalation and not ingestion therefore; cadmium would not be 
 
evaluated for cancer risk. 
 

SV = (Risk Level * BW) / (CR * CPF) 
 

Risk Level = an assigned level of maximum acceptable individual lifetime risk (e.g., RL = 10-5 
 
for a level of risk not to exceed one excess case of cancer in 100,000 individual 
exposed over a 70 yr lifetime. 

If maximum concentration is greater than screening value, further evaluation is required. 
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Appendix B 
This section provides calculated exposure doses and assumptions used for exposure to chemicals 
in shellfish from Irondale Beach Park and Chimacum Creek Tidelands. These exposure scenarios 
were developed to model exposures that might occur. These scenarios were devised to represent 
exposures to the general population and Suquamish Tribe.  The following exposure parameters 
and dose equations were used to estimate exposure doses from ingestion with chemicals in 
shellfish. 

Ingestion Route 

Dose(non-cancer (mg/kg-day) = C x CF1 x IR x CF2 x EF x ED
    BW  x  ATnon-cancer 

Cancer Risk = C x CF1 x IR x CF2 x EF x CPF x ED
   BW  x  ATcancer 

Table B1. Exposure Assumptions used in exposure evaluation to contaminants in shellfish 
samples taken from Irondale Beach Park and Chimacum Creek Tidelands, in Irondale, 
Washington. 

Parameter Value Unit Comments 
Concentration (C) Variable ug/kg Average detected value 

Conversion Factor (CF1) 0.001 mg/ug Converts contaminant concentration from milligrams 
(mg) to kilograms (kg) 

Conversion Factor (CF2) 0.001 kg/g Converts mass of shellfish from grams (g) to kilograms 
(kg) 

Ingestion Rate (IR) 0.57 
Body weight-adjusted consumption rates to account for 
children eating nearly 1.6 times as much fish per body 
weight as do adults (see table B2) 

Ingestion Rate (IR) 34.8 90th percentile Suquamish Tribe child (all shellfish) [19] 

Ingestion Rate (IR) 0.81 g/day 

Body weight-adjusted consumption rates to account for 
an older child eating 0.81 times as much fish per body 
weight as do adults (see table B2) 

Ingestion Rate (IR)  188.6 
Based on 90th percentile Suquamish Tribe adult - older 
child eating at the same rate as an adult (body weight 
adjusted consumption rate) 

Ingestion Rate (IR) 1.7 Average general population adult 
Ingestion Rate (IR) 322 90th percentile Suquamish Tribe adult  (all shellfish) [19] 

Exposure Frequency (EF) 365 Days/year Assumes daily exposure 

Exposure Duration (ED) 6 Number of years at one residence (child) 
Exposure Duration (ED) 30 years Number of years at one residence (adult) 
Body weight (BW) 15 Mean body weight child 
Body weight (BW) 70 kg Mean body weight adult 
Averaging Timenon-cancer (AT) Variable days Equal to Exposure Duration 
Averaging Timecancer (AT) 25550 days 70 years 
Cancer Potency Factor (CPF) Variable mg/kg-day-1 Source: EPA – Chemical specific 
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Table B2. Derivation of child and older child shellfish consumption rates for the general U.S. 
population. 

Row Parameter Adult Older Child (6
17 yrs) 

Child (0-5 yrs) 

1 Reported All Fish Consumption Rate- 
gram fish per kg bodyweight per day 
(g/kg/day) 

0.277 0.225 0.433 

2 Ratio to Adult All Fish Consumption 
Rate 

1 0.81 1.6 

3 Reported Shellfish Consumption 
(g/day) 

1.70 (average) Not Reported Not Reported 

4 Average Body Weight (kg) 70 41 15 
5 Ratio to Adult BW 1 0.59 0.21 
6 Adjusted Shellfish Consumption Rates  

(g/day) 
= Row 2 x Row 3 x Row 5 

1.70 (average) 0.81 (average) 0.57 (average) 

Table B3. Exposure dose and Non-cancer risk from ingesting shellfish at maximum 
concentration of contaminant from Irondale Beach Park and Chimacum Creek Tidelands in 
Irondale, Washington. 

Contaminant Maximum 
Concentration 

(ppm) 

Estimated Dose 
(mg/kg/day) RfD 

(mg/kg/day) 

Hazard 
quotient 

Average 
population 

Hazard 
quotient 

90th percentile 
Suquamish  

Tribe 
Average 

population 

90th percentile 
Suquamish  

Tribe  

Arsenic 0.028 
Child 1.06E-6 6.50E-5 

3.00E-4 
0.004 0.22 

Older child 5.53E-7 1.29E-4 0.002 0.43 
Adult 6.80E-7 1.29E-4 0.002 0.43 

Cadmium 0.44 
Child 1.67E-5 1.02E-3 

1.00E-3 
0.02 1.02 

Older child 8.69E-6 2.02E-3 0.01 2.02 
Adult 1.07E-5 2.02E-3 0.01 2.02 

PPM – parts per million 

26
 



Irondale Shellfish 

Table B4. Cancer risk from ingesting shellfish at maximum concentration of contaminant from 
Irondale Beach Park and Chimacum Creek Tidelands in Irondale, Washington. 

Contaminant Maximum 
Concentration 

(ppm) 

Cancer 
Potency 
Factor 

(mg/kg-day-1) 

Increased Cancer Risk Total 
Cancer 

Risk 
Average 

population 

Total 
Cancer 

Risk 
90th percentile 

Suquamish  
Tribe 

Average 
population 

90th percentile 
Suquamish  

Tribe 

Child 5.20E-7 3.17E-5 

2.63E-6 4.51E-4 Arsenic 0.028 5.7 Older 
child 4.50E-7 1.05E-4 

Adult 1.66E-6 3.15E-4 
PPM – parts per million 

Table B5. Cancer risk from ingesting shellfish at maximum arsenic concentration from Irondale 
Beach Park and Chimacum Creek Tidelands, based on the Suquamish Tribe shellfish species-
specific consumption rate for the 90th percentile consumers only, Washington. 

Clam 
Species 

Species-specific 
consumption 
rate (g/day) 

Maximum 
Concentration

 (ppm) 

Cancer 
Potency 
Factor 

(mg/kg-day-1) 

Increased 
Cancer Risk 

Total Cancer 
Risk 

Littleneck 11.4 0.021 
Child 7.80E-6 

2.09E-5 Older child 4.75E-6 

5.7 Adult 8.35E-6 

Butter 10.7 0.028 
Child 9.76E-6 

2.62E-5 Older child 5.95E-6 
Adult 1.05E-5 

PPM – parts per million 
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Appendix C 
Lead exposure shellfish ingestion scenario used in the IEUBK model 

This section provides inputs for the IEUBK model. The following inputs to the model were used 
to account for the average shellfish ingestion lead exposure from Irondale Beach Park and 
Chimacum Creek Tidelands, Irondale, Washington.  
Consumption rates: General population (Gen.) child – 0.57 g/day: Suquamish Tribe (Sub) Child 
– 34.8 g/day. 
 
IEUBK model assumes that a child’s total meat intake is 93.5 g/day. EPA’s target cleanup goal is 
 
no more than 5 % of the community with BLLs above 10 µg/dL. Default assumptions were used 
 
unless noted. 
 

Table C1. Blood lead values determined using the IEUBK model for lead in shellfish from 
Irondale Beach Park, Irondale, Washington. 

Clam 
Species 

Average 
Concentration 

(ppm) 

meat intake 
as shellfish 

Percent 

(%) 

Blood Lead level in percent 
above 10ug/dl 
Age range 0 - 84 months 

Gen Sub Mean Max 
Mean Max Child Child 

Gen 
Child 

Sub 
Child 

Gen 
Child 

Sub 
Child 

Littleneck 0.096 0.13 0.61 37.2 1.21 2.3 1.22 2.8 
Butter 0.125 0.14 1.22 2.7 1.22 3.0 

PPM – parts per million 

Table C2. Blood lead values determine using the IEUBK model for lead in shellfish from 
Chimacum Creek Tidelands, Irondale, Washington. 

Clam 
Species 

Average 
Concentration 

(ppm) 

meat intake 
as shellfish 

Percent 

(%) 

Blood Lead level in percent 
above 10ug/dl 
Age range 0 - 84 months 

Gen Sub Mean Max 
Mean Max Child Child 

Gen 
Child 

Sub 
Child 

Gen 
Child 

Sub 
Child 

Littleneck 0.029 0.03 0.61 37.2 1.2 1.4 1.2 1.4 
Butter NA 0.056 NA 1.2 1.7 

PPM – parts per million 
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Lead exposure shellfish ingestion scenario used in the Adult lead model 

This section provides inputs for the Adult lead model. The following inputs to the model were 
 
used to account for the average shellfish ingestion lead exposure from Irondale Beach Park and 
 
Chimacum Creek Tidelands, Irondale, Washington.  
 
Consumption rates: General population (Gen.) 1.7 g/day: Suquamish Tribe (Sub) 322 g/day 
 
EPA’s target cleanup goal is no more than 5 % of the community with BLLs above 10 µg/dL. 
 
Default assumptions were used unless noted. 
 

Table C3. Blood lead values determined using the Adult lead model for lead in shellfish from
 
Irondale Beach Park, Irondale, Washington. 
 

Clam 
Species 

Average 
Concentration 

(ppm) 

Average Mother Blood Lead concentration in 
ug/dl 

Fetus Blood Lead in percent above 10ug/dl 
Mean Max 

Mean Max 
Gen Sub Gen Sub 

Littleneck 0.096 0.13 
mother 1.5 3.0 1.5 3.5 

fetus 0.4 3.8 0.4 6.0 

Butter 0.125 0.14 
mother 1.5 3.4 1.5 3.7 

fetus 0.4 5.7 0.4 6.7 
PPM – parts per million 

Table C4. Blood lead values determined using the Adult lead model for lead in shellfish from 
Chimacum Creek Tidelands, Irondale, Washington. 

Clam 
Species 

Average 
Concentration 

(ppm) 

Average Mother Blood Lead concentration in 
ug/dl 

Fetus Blood Lead in percent above 10ug/dl 
Mean Max 

Mean Max 
Gen Sub Gen Sub 

Littleneck 0.029 0.03 
mother 1.5 1.9 1.5 2.0 

fetus 0.3 0.9 0.4 1.0 

Butter NA 0.056 
mother 

NA 
1.5 2.4 

fetus 0.4 1.9 
PPM – parts per million 
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Table C5. Blood lead values determined using the Adult lead model for lead in shellfish from 
Irondale Beach Park, Irondale based on the Suquamish Tribe shellfish species-specific 
consumption rate for the 90th percentile consumers only. 

Clam 
Species 

species-
specific 
consumption 
rate (g/day) 

Average 
Concentration 

(ppm) 

Average Mother Blood Lead 
concentration in ug/dl 

Fetus Blood Lead in percent above 
10ug/dl 

Maximum 
Maximum 

Sub 

Littleneck 11.4 0.13 
mother 1.6 

fetus 0.4

Butter 10.7 0.14 
mother 1.6 

fetus 0.4

 

 
PPM – parts per million 
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