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1 Introduction 
This document presents a summary of preliminary chemical, physical, and 
biological testing on sediments in the I&J Waterway, Bellingham, 
Washington.  This preliminary data from surface and subsurface sediment 
investigations was collected by the Port of Bellingham as part of the work 
required to complete the Remedial Investigation/Feasibility Study (RI/FS) for 
the I&J Waterway Site.  All investigations were conducted according to the 
Department of Ecology (Ecology) approved Sediments RI/FS Work Plan 
(RETEC, 2005) as required for the Site under Agreed Order No. DE 1090.   

This data summary is intended to provide an update on data collection efforts 
conducted as part of the RI/FS.  As summarized in the October 10, 2006 letter 
to Ecology, recent decisions by regulatory agencies on other sites may affect 
the scope and content of the RI/FS.  The goal of this data summary is to 
discuss with the Department of Ecology the data collected to this point to 
identify future site activities required to complete the RI/FS. 

The report includes surface and subsurface sediment chemical and biological 
data collected as part of RI/FS work.  Surface sediment sampling and testing 
was conducted according to Appendix A: Sampling and Analysis Plan (SAP) 
of the RI/FS Work Plan.  Subsurface sediment sampling and testing was 
conducted according to Appendix B: I&J Waterway PSDDA Sediment 
Characterization Sampling and Analysis Plan.  A summary of historic surface 
sediment sampling analytical data is provided in Attachment B of Appendix B 
of the RI/FS Work Plan.   
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2 Surface Sediment Testing Results 
Surface sediment was collected on August 29, 30, and 31, 2005 from 13 
stations in the I&J Waterway and 2 reference locations in Samish Bay.  
Sediment was collected from the top 12 centimeters using a hydraulic 
VanVeen grab sampler.  Chemical, physical, and biological samples were 
collected from sediment composited from a single grab.  Sampling was 
conducted according to the Sampling and Analysis Plan (SAP) contained in 
Appendix A of the I&J Waterway Sediments RI/FS Work Plan.   

A second round of sampling was conducted on March 13 and 14, 2006 from 
nine stations requiring bioassay retesting.  Sampling methods were identical to 
the August 2005 sampling event.  Bioassay test results from both rounds of 
sampling are discussed in Section 2.3.   

Analytical data reports for surface sediment testing are provided in Appendix 
A.  All analytical data has been validated according to QA-2 protocols.  The 
validation reports are contained in Appendix B.  Bioassay data reports are 
provided in Appendix C. 

2.1 Field Physical Observations 
Physical observations of grab samples were recorded on field logs at each 
sampling station.  Table 2-1 provides a summary of information contained on 
these field logs.  Observations included water depth, sediment texture, 
sediment fauna, and the presence of anthropogenic debris in sediments.  
Sampling locations are illustrated on Figure 2-1. 

2.1.1 Water Depth 
Water depths were measured at each sampling station using a lead-line and a 
depth sounder, where applicable.  Water depths were corrected to MLLW.  
Measurements of current mudline elevations are generally consistent with 
measurements collected during Phase 2 sediment sampling (ThermoRetec, 
2001) and recent bathymetric surveys conducted in October 2005. 

2.1.2 Surface Sediment Texture 
Grain size information is contained in Table 2-2.  Fines content, comprised of 
clay and silt fractions, was high at most stations.  All stations, except for SS-
11, contained at least 30 percent fines.  Samples SS-01 through SS-05, SS-07, 
SS-08, SS-09, and SS-13 contained greater than 75 percent fines.  Sample SS-
11 had approximately 81 percent sand, and samples SS-06 and SS-10 
contained 39 to 40 percent sand.  The high fines content of surface sediments 
is consistent with grain size analysis observed during the Phase 2 study 
(ThermoRetec, 2001).   
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Gravel was present in a number of samples, although the presence of broken 
shells likely influenced the measured gravel fraction in samples IJW-SS-06, 
IJW-SS-10, and IJW-SS-12, which were collected adjacent to or under piers.  
Gravel percentages ranged from 14.2 to 31.3 percent by weight in these 
samples.   

2.1.3 Vegetation and Fauna 
Biota were noted during field observations in the majority of surface grab 
samples.  Clams, mussels, barnacles, small and large worms, and tube worms 
were commonly observed in grab samples.  Less commonly observed biota 
included sea anemones, kelp, and foraminifera.  Table 2-1 provides a 
summary of biota observed in specific sample locations.  Eelgrass blades were 
observed in samples SS-01, SS-05, SS-07, SS-09, SS-10, and SS-12, but these 
blades were not rooted and appeared to represent wind drift of blades from 
nearby eel grass areas south of the Site study area. 

2.1.4 Debris 
Anthropogenic debris was encountered in a number of surface grabs.  Debris 
was generally located in sample locations adjacent to piers.  Debris included 
small plastic fragments at locations SS-03, SS-04, SS-06, and SS-13 and rope 
at SS-03.  Occasional wood debris was noted in most of the samples.  A 2.2 
foot long stick was collected from SS-01.  Numerous fish bones were present 
in samples IJW-SS-02 and IJW-SS-06. 

2.2 Surface Sediment Chemistry Testing and 
Distribution 
Chemical analyses were conducted for Sediment Management Standards 
(SMS) constituents to define the horizontal extent of contamination.  Analytes 
included heavy metals (including nickel), semivolatile organics, conventional 
parameters, polychlorinated biphenyls (PCBs), and volatile organics.  
Concentrations were compared to Sediment Quality Standards (SQS) and 
Cleanup Screening Level (CSL) criteria.  Nickel concentrations were 
compared to Dredged Material Management Program (DMMP) screening 
level (SL) because no SMS criteria exists.  Surface sediment chemistry data 
results are summarized in Table 2-2, and exceedances of RI/FS Work Plan 
screening levels are identified in Figure 2-1.   

2.2.1 Metals 
Of the heavy metals included in RI/FS testing, only nickel exceeded the RI/FS 
Work Plan screening levels.  Elevated nickel concentrations were noted in 
several of the samples collected from the head of the Waterway.  Samples SS-
07 through SS-12 contained concentrations above the DMMP SL of 140 
mg/kg.  Sample SS-10 contained concentrations above the DMMP 
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bioaccumulation trigger (BT) and maximum level (ML), each of which are 
370 mg/kg.     

Elevated nickel concentrations are consistent with historic data, which 
indicate that elevated nickel concentrations were observed only at the head of 
the Waterway (ThermoRetec, 2001) near the location of the former Olivine 
ore handling operation.  Historic values ranged from 731 to 1,120 mg/kg in 
the vicinity of IJW-SS-10 during the 2001 sampling effort.   

2.2.2 Semivolatile Organic Compounds 
Semivolatile organic compounds (SVOCs) were analyzed in all surface 
sediment collected.  Analytes included polycyclic aromatic hydrocarbons 
(PAHs), phthalates, phenols, and miscellaneous extractables, as shown in 
Table 2-2.  

Only one station had samples that were above the SQS for PAH compounds.  
Sample IJW-SS-06 contained concentrations of acenaphthene, 
dibenz(a,h)anthracene, fluorene, phenanthrene, chrysene, fluoranthene, and 
total HPAHs greater than the respective SQS values for these compounds 
(Figure 2-1).  No PAHs were detected above CSL criteria, which is consistent 
with findings from the Phase 2 sampling that showed similar concentrations of 
SVOCs near this station (ThermoRetec, 2001).  Dibenzofuran also exceeded 
the SQS at this location. The measured concentrations at IJW-SS-06 were in 
excess of the SQS, but were well below the CSL.   

Concentrations of phthalate compounds were significantly lower than during 
previous Phase 2 sediment sampling (ThermoRetec, 2001).  Only bis(2-
ethylhexyl)phthalate was detected above the SQS values at one location.  In 
sample IJW-SS-06, bis(2-ethylhexyl)phthalate concentrations (392.5 ppm-
TOC) exceeded the both the SQS (45 ppm-TOC) and the CSL (78 ppm-TOC).  
Figure 2-2 shows the distribution of surface sediment phthalate concentrations 
measured in the current sampling effort.  

No phenol compounds were measured in excess of SMS criteria.  Of the 
miscellaneous extractables analyzed, only dibenzofuran was detected in 
excess of SMS criteria.  No chlorinated hydrocarbons were measured in 
excess of SMS criteria. 

Conventional Parameters 
Conventional parameters analyzed included ammonia, pH, total solids, total 
volatile solids, total sulfides, and total organic carbon.   

Ammonia concentrations in surface sediment ranged from 4.06 to 68 mg/kg-N 
with an average value of 31.3 mg/kg-N.  Measurements were taken to provide 
the bioassay laboratory with baseline ammonia levels for testing.  Values were 
within the range typical for Puget Sound. 
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Total solids ranged from 23.2 to 72.3 percent.  These values are consistent 
with historic data that ranged from 32 to 76 percent.  Total volatile solids 
ranged from 5.92 to 9.82 percent, with an average value of 8.51 percent.  
Total sulfides ranged from 1,000 to 4,500 mg/kg with an average value of 
3,500 mg/kg.   

Total organic carbon content ranged from 2.01 to 3.87 percent.   These values 
are consistent with values typically found in Bellingham Bay, an average of 
2.0 percent (Ecology, 1998).  These values are also consistent with historic 
data collected in Whatcom Waterway, which indicates an average TOC 
content of 3.2 percent (Anchor, 2000). 

Volatile Organics and PCB Distribution  
No volatile organics or PCB concentrations were measured in excess of 
criteria. 

2.3 Surface Sediment Bioassay Testing  
2.3.1 Sediment Recollection 

Bioassay testing was conducted on nine of the 13 samples collected in August 
2005.  Seven samples were selected based on chemical concentrations above 
Work Plan criteria (samples SS-06 through SS-12) for PAHs, phthalates, 
and/or nickel.  Samples SS-07 through SS-12 were selected for bioassay 
testing based on elevated nickel concentrations.  No SMS criteria has been 
established for nickel, however, the Work Plan uses the DMMP criteria of 140 
ppm.  Ecology required testing for two additional samples (SS-04 and SS-13).   

Bioassay testing in October 2005 consisted of the following three tests for the 
nine I&J Waterway samples along with two reference samples, as required in 
the RI/FS Work Plan:  10 day amphipod (Eohaustorius estuarius) survival 
test, 20-day juvenile polychaete (Neanthes arenaceodentata) growth test, and 
96-hour blue mussel (Mytilus galloprovincialis) larval development test.  
Results of the juvenile polychaete and larval development tests did not meet 
quality control criteria and were therefore required to be repeated.  Results of 
the amphipod test were acceptable.  Because standard hold times on sediment 
had expired, sediment resampling and testing was necessary. 

Surface sediment was recollected on March 13 and 14, 2006 from the same 
nine I&J Waterway stations that required bioassay testing and 2 reference 
locations in Samish Bay.  Because samples were collected from the same 
stations as the first round of sampling, Ecology only required conventional 
and grain size analysis rather than retesting of the full suite of chemical tests.   

Surface sediment grab descriptions from the March 2006 sampling are 
provided in Table 2-1.  Conventional chemistry and grain size data are 
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presented in Table 2-3.  Sediment descriptions and conventional and grain size 
data are similar to the first round of sampling.   

2.3.2 Bioassay Results 
Amphipod survival, larval development, and juvenile polychaete testing was 
initiated within designated hold time on October 25, 2005.  However, because 
larval development and juvenile polychaete testing did not meet quality 
control criteria, they were repeated within designated hold times on 
recollected sediment on March 21 and 22, 2006, respectively.  Results of 
amphipod testing from October 2005 and larval development and juvenile 
polychaete testing from March 2006 are presented in this section. 

Test samples were compared to the reference sample with the closest grain 
size match.  Therefore, samples SS-06, SS-11, and SS-12 were compared to 
RR-01, which contained 15 percent and 8 percent fines for the October 2005 
and March 2006 samples, respectively.  All other samples were compared to 
RR-02, which contained 90 percent and 92 percent fines for the October 2005 
and March 2006 samples, respectively. 

Results of bioassay testing are contained in Tables 2-4, 2-5, and 2-6.  Table 2-
7 provides an assessment of performance criteria for control and reference 
samples.  A summary of SMS decision criteria is contained in Table 2-8, and 
Table 2-9 provides an assessment of which samples fail SQS and CSL criteria, 
which is also shown on Figure 2-3.  As shown in Table 2-9, statistical testing 
was conducted in accordance with the SMS/DMMP Bioassay Statistics 
Program (Biostat) developed by the Corps of Engineers.   

10-Day Amphipod Test 
Results of the 10-day amphipod survival test using Eohaustorius estuarius are 
presented in Table 2-4.  Results are presented from testing performed on 
sediment collected in October 2005.  The test was run according to Puget 
Sound Estuary Protocols (PSEP) and met SMS quality control requirements 
for the control and reference samples, as shown in Table 2-7.   

Bioassay endpoint evaluations were determined using statistical testing and 
criteria outlined in Table 2-8.  As shown in Table 2-9, all samples passed SMS 
criteria.   

20-Day Juvenile Polychaete Growth Testing 
Results of the 20-day juvenile polychaete growth test using Neanthes 
arenaceodentata are presented in Table 2-5.  Results are presented from 
testing performed on sediment collected in March 2006.  The test was run 
according to PSEP; all quality control requirements were met (Table 2-7).   

As shown in Table 2-9, samples SS-06 and SS-12 failed SQS criteria.  All 
other samples passed SMS criteria.   
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Larval Development Testing 
Results of the larval normality test using Mytilus galloprovincialis are 
presented in Table 2-6.  Results are presented from testing performed on 
sediment collected in March 2006.  The test was run according to PSEP; 
however, the reference toxicant test was run incorrectly.  In the absence of 
acceptable reference toxicant testing for this round, reference toxicant data 
from before and after this test were requested and were within acceptable 
ranges.  As shown in Table 2-7, all other quality control criteria for control 
and reference samples were met.   

As shown in Table 2-9, samples SS-4, SS-6 through SS-10, and SS-13 failed 
CSL criteria.  Samples SS-11 and SS-12 passed SMS criteria.   
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3 Subsurface Sediment Testing 
Results 
The subsurface sediment investigation was conducted according to the SAP 
contained in Appendix B of the I&J Waterway Sediments RI/FS Work Plan.  
The sampling and analysis program was designed to generate data useful to 
the RI/FS while at the same time satisfying testing requirements established 
by the DMMP to evaluate suitability for open-water disposal.   

Sediment coring locations were identified in the Work Plan within six Dredge 
Material Management Units (DMMU).  Based on chemical and bioassay 
results, investigation of subsurface sediment in DMMUs 1 and 2 was not 
necessary because surface sediment chemical concentrations did not exceed 
SMS criteria in these DMMUs.  Therefore, sediment was collected  on June 
12, 13, and 14, 2006 from four (4) surface DMMUs and one (1) subsurface 
DMMU (DMMU 4B), as shown in Figure 3-1.  Sediment core samples were 
composited within each DMMU, submitted for chemical and physical 
analysis, and archived for potential bioassay testing.  Surface sediment from 
two (2) reference stations located in Samish Bay was also collected for 
potential bioassay testing.   

Chemical analytical data collected during RI/FS activities and data validation 
reports are provided in Appendix A and B, respectively.  All analytical data 
has been validated according to QA-2 protocols.  Bioassay lab reports are 
contained in Appendix C, and subsurface sediment core logs are provided in 
Appendix D.   

3.1 Subsurface Chemical Results 
Chemical analyses were conducted on I&J Waterway subsurface sediments 
from DMMUs 3, 4A, 4B, 5, and 6.  Composites were collected from four 
cores within each unit for analysis of DMMP constituents plus tributyl tin 
(See Table 3-1).  One composite of the upper intervals of DMMUs 3, 4, 5, and 
6 was initially analyzed for dioxin/furans, followed by analysis of subsequent, 
individual DMMU samples for dioxin/furans (See Table 3-2).  Grain size and 
conventional data are presented in Table 3-3.     

3.1.1 Metals 
Mercury exceeded SQS criteria in DMMUs 4A and 4B and CSL criteria in 
DMMUs 3, 5, and 6.  Nickel was above the Screening Level (SL) in DMMU 
4A, but was not above criteria in any other units.  No metals were above the 
BT or the ML, as defined by the DMMP.   
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3.1.2 SVOCs 
SVOCs detected above criteria included bis(2-ethylhexyl)phthalate and 2, 4-
dimethlyphenol in DMMU 6.  Bis(2-ethylhexyl)phthalate was above the ML 
when compared to dry-weight DMMP criteria and above the CSL when 
compared to organic carbon-normalized SMS criteria.  The concentration of 
2,4-dimethylphenol was above the CSL (SMS criteria) and above the SL 
(DMMP criteria) in DMMU 6.  No other SVOCs were above any criteria.   

3.1.3 Other Analytes 
Concentrations of volatile organics, pesticides, PCBs, and bulk and porewater 
tributyl tin were within acceptable ranges.   

3.1.4 Dioxin/Furans 
Dioxin and furan congener concentrations are provided in Table 3-2.  Results 
are presented for dioxin/furan analysis of a composite sample comprised of 
sediment from DMMUs 3, 4A, 5, and 6 and for individual DMMU samples, 
which was conducted subsequent to the composite test.  Toxic equivalency 
concentrations (TECs) have been determined using toxic equivalency factors 
(TEFs), as required by the DMMP.   

Total TECs for the sediment composite (IJ-C-S1) was 18.4 TEC.  Individual 
samples from each of the DMMUs ranged from 18.0 to 32.4 TEC.   

3.1.5 Conventionals and Grain Size 
Conventional and grain size concentrations are summarized in Table 3-3.  All 
samples contained greater than 50 percent fines (total clay and silt).  
Concentrations of sulfides were elevated in DMMU 3 and DMMU 5.  Total 
organic carbon was above seven percent in DMMUs 4A and 6.  Ammonia was 
slightly elevated in all samples.  

3.2 Subsurface Bioassay Testing 
Four surface DMMUs (DMMU-3, 4A, 5, 6) and one subsurface DMMU 
(DMMU-4B) were tested for the standard suite of marine bioassay tests 
required for characterization of sediment for open water disposal under the 
DMMP, as shown in Figure 3-1.  These DMMUs were selected for bioassay 
testing based on preliminary chemical results above SL thresholds, as 
discussed in Section 3.1.  Chemical concentrations above the SL include 
mercury at DMMUs 3, 4A, 4B, 5, and 6.  Nickel was also elevated in DMMU-
4B as was bis(2-ethylhexyl)phthalate and 2,4-dimethyphenol at DMMU-6.  
No chemicals exceeded the BT threshold.   

Bioassay testing was initiated on all DMMU samples by August 7, 2006, 
which was within the maximum 8-week holding time limits.  All five DMMU 
samples were tested in addition to two reference samples for the following 
tests:  10 day amphipod (Eohaustorius estuarius) survival test, 20-day 
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juvenile polychaete (Neanthes arenaceodentata) growth test, and 96-hour 
larval development test using blue mussel (Mytilus galloprovincialis) or sand 
dollar (Dendraster excentricus).  The preferred test species for the larval 
development test was the blue mussel, however, spawning was unable to be 
induced, so testing was initiated on sand dollars, as specified in the SAP. 

Results of bioassay testing are shown in Tables 3-4, 3-5, and 3-6.  Table 3-7 
provides performance criteria for control and reference samples and decision 
criteria for dispersive and non-dispersive DMMP disposal sites.  Table 3-8 
provides a comparison of DMMU samples to reference and control results, 
and Table 3-9 provides a summary of bioassay result interpretation.  Statistical 
testing was conducted with Biostat, developed by the Corps of Engineers.  
Test results were compared to criteria for dispersive and non-dispersive 
disposal sites using reference sample RR-01, which is a suitable reference 
sample and passed acceptability criteria for all tests.  All tests were run 
according to PSEP and met DMMP quality control requirements.   

3.2.1 10-Day Amphipod Test 
Results of the 10-day amphipod survival test using Eohaustorius estuarius are 
presented in Table 3-4.  All samples passed criteria for dispersive and non-
dispersive disposal sites (Table 3-8).  

3.2.2 20-Day Juvenile Polychaete Growth Testing 
Results of the 20-day juvenile polychaete growth test using Neanthes 
arenaceodentata are presented in Table 3-5.  As shown in Table 3-8, samples 
from DMMU-3, 4A, and 4B passed dispersive and non-dispersive criteria.  
Samples DMMU-5 and DMMU-6 failed the 1-hit criteria (higher failure) for 
dispersive disposal sites.  Each of these samples also failed the 2-hit criteria 
(lower failure) for non-dispersive disposal sites.   

3.2.3 Larval Development Testing 
Results of the larval development test using Dendraster excentricus are 
presented in Table 3-6.  DMMU-3, 4A, 5, and 6 had 1-hit failures for 
dispersive disposal sites, but DMMU-4B passed dispersive criteria.  For non-
dispersive disposal sites, DMMU-3 and 5 contained 1-hit failures while 
DMMU-4A and 6 had 2-hit failures.  DMMU-4B passed non-dispersive 
disposal site criteria. 

3.3 Conclusions 
Table 3-9 provides a summary of interpretations of test results compared to 
dispersive and non-dispersive disposal site bioassay criteria.  For dispersive 
disposal sites (e.g. Rosario Straits), sediment from DMMU-3, 4A, 5, and 6 are 
unsuitable for disposal, based on higher level 1-hit failures.  DMMU-4B 
passes bioassay criteria for open-water disposal at dispersive disposal sites.   
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For non-dispersive disposal sites (e.g. Bellingham Bay), DMMU-3 and 
DMMU-5 are unsuitable for disposal because of 1-hit failures.  DMMU-6 is 
also unsuitable for non-dispersive disposal due to two failures of 2-hit criteria 
(polychaete and larvae).  DMMU-4A and DMMU-4B are both suitable for 
open-water disposal at non-dispersive disposal sites based on bioassay results.   

The above interpretations are identified based on bioassay test results.  
Disposal determinations for individual DMMUs do not consider the potential 
impact of dioxin/furan concentrations, which may change the suitability of 
open-water disposal based on DMMP review of the dioxin issue. 
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Table 2-1.  Summary Description of Surface Grab Samples at the I & J Waterway

Date 
Collected Color Soil Type Biological Odor Sheen Comments Recovery 

Depth (cm)

Depth of 
Sample 

(cm)

Mudline 
Elevation 

(MLLW ft)*

Water
Depth-

Leadline
(ft) 

IJW-SS-01 8/31/2005 black clayey silt nepthys worms sulfide-like occasional spotty sheen 1 blade eel grass, 2, 2 foot long sticks with barnacles, 4 
cm living clam 23 0-12 15.3 16.0

IJW-SS-02 8/31/2005 black clayey silt, trace fines spionids and nepthys worms, fish vertebrae, clams hydrocarbon-like none organic rootlets, fish vertebrae archived 24 0-12 15.7 17.3

IJW-SS-03 9/1/2005 black clayey silt, trace very fine sand abundant dead mussel shells, occasional clam 
shells moderate to strong sulfide-like occasional spotty iridescent sheen occasional wood stick fragments up to 2", rope and 

plastic bag 23 0-12 10.4 10.6

9/1/2005 black clayey silt, trace fine sand none moderate sulfide-like odor when mixed composite had 
occasional spotty iridescent sheen small piece of plastic observed (not archived) 28 0-12 17.6 17.9

3/13/2006 black silt with trace sand trace rootlets, polychaete worm none none jaws close, good sample 27.5 0-12 17.2 23.1

IJW-SS-05 8/31/2005 black clayey silt 5, 2" living clams spionid worms very slight sulfide-like odor none occasional rootlets, brown circular specs (forams) from 
0-3mm, eel grass 24 0-12 14.7 19.3

8/31/2005 black very shelly silt barnacles, mussels, crab carapace, shells up 2", 
fish vertebrae very strong sulfide-like odor spotty iridescent sheen

wood fragments, aparent plastic pieces (archived), 
spotty iridescent sheen observed in water while 

sampling 
17 0-12 15.7 23.1

3/13/2006 black silt with trace sand, abundant shell 
fragments

abundant mussel shells, polychaete worms, eel 
grass, rootlets, wood fragments, intact shells 3-5 

cm
mild sulfide-like odor spotty iridescent sheen

jaws close with sediment in teeth, shell fragments on 
surface, apparent fish bones from 2-9 cm depth 

(archived) (15% of recovered sediment), small 9 cm 
rope recovered

24 0-12 13.2 18.3

8/31/2005 black (top 1-2mm is gray) clayey silt bittium snail shell slight sulfide-like odor none occasional to abundant rootlets/sticks, leaf litter, brown 
circular specs (forams) from 0-3mm, eel grass 25 0-12 13.6 19.8

3/13/2006 black clayey silt with trace sand 3 blades of eel grass, tace ocassional rootlets, 1- 7 
cm clam shell (cockle clam) slight sulfide-like odor none good grab, jaws close with sediment in teeth and 

blades of grass 28.5 0-12 14.7 19.4

9/1/2005 black clayey silt, trace fine sand abundant spionid worms none sheen in composite occasional wood fragments, rootlets, and shells 23 0-12 12.2 15.4

3/13/2006 black clayey silt
one 5 cm L shell, 3 cm mollusk shell, one piece of 

eel grass, 3 cm wood fragments, occasional 
rootlets, 8 cm branch polychaete worm

slight sulfide-like odor none great recovery, jaws close with abundant living 
gastropods, eel grass blades 27 0-12 14.0 21.1

8/31/2005 black clayey silt, trace very fine sand none none none eel grass blades 30 0-12 14.7 23.2

3/13/2006 black clayey silt

3 eel grass blades, 1 3" leaf, one anemone, 3 cm 
clam shell, whole shell, occasional rootlets, 

occasional polychaete, 30 cm branch, 2-12cm 
wood fragments

none none jaws close good grab 29 0-12 15.6 20.3

9/1/2005 black clayey silt, trace sandy gravel (<2") trace clam shells, alive and dead,occasional 
nepthys worms slight sulfide-like odor occasional spotty iridescent sheen abundant 2" clams, eel grass blades 21 0-12 4.2 4.8

3/13/2006 black and green mottled  slightly sandy (medium grained) 
clayey silt

occasional barnacles, few shells up to 3 cm, 1/2 
shell mollusks with barnacles 4 cm, one 6" cobble 

with barnacles, trace shell fragments 2-5 cm, 
occasional wood fragments 3-4 cm

none none good grab, jaws close on wood, barnacles, and mollusk 26 0-12 4.0 10.0

8/31/2005 black silty fine sand, trace clay, abundant 
gravel at 8-12 cm up to 5" shells up to 2", nereid worm slight to moderate sulfide-like odor none abundant wood fragments up to 5" 14 0-12 0.7 8.8

3/13/2006 black silty sand
shell fragments up to 3 cm, branches 8 cm, 

brachiopod 3 cm, occasional woody fragments, eel 
grass, polychaete worm

slight to moderate sulfide-like odor none jaws partially close due to wood fragments, occasional 
shells to 1 1/2", wood fragments, branches to 4" 22.5 0-12 2.2 7.5

9/1/2005 black clayey gravelly silt barnacles, occasional shells up to 1", abundant 
spionid worms very slight sulfide-like odor none composite is shelly clayey gravelly silt, eel grass blades 21 0-12 4.6 9.7

3/13/2006 black shelly sandy silt
substantial (30-50) shell fragments 1/2 cm, 
occasional rootlets, trace eel grass blades, 

polychaete worms.
none none

good grab, jaws close, lots of surface water, sea 
anemone present, block with barnacles, eel grass 

blades, polychaetes
21 0-12 9.4 16.0

9/1/2005 black silt, trace clay and fine sand none strong sulfide-like odor occasional spotty iridescent sheen wood fragment, wirey piece of black plastic 3" 21 0-12 15.4 16.4

3/13/2006 black clayey silt with trace sand one 30 cm piece of plant material (not eel grass) strong sulfide-like odor none good grab, jaws close 27.5 0-12 15.7 23.0

9/2/2005 dark grey silty coarse sand abundant spionid worms, occasional teribellid 
worms, 2"clam shell none none none 25 0-12 48.2 48.7

3/14/2006 grayish black silty sand occasional polychaetes and rootlets, ocassional 1 
mm shell framents none none good grab, jaws close 25 0-12 46.9 52.6

9/2/2005 olive brown slightly sandy clayey silt occasional spionid worms none none brown circular specs (forams) from 0-1cm 28 0-12 56.0 57.1

3/14/2006 grayish brown slightly clayey silt with trace sand occasional polychaetes and rootlets none none good grab, jaws close, good seal 27.5 0-12 55.6 60.6

Notes:
All samples collected using hydraulic grab sampler.
The mudline elevations were calculated using leadline and height of tide elevations on the collection date
* Height of tide was determined using the XTide program provided online by the Biological Sciences Department, University of South Carolina, Columbia, South Carolina (http://tbone.biol.sc.edu/tide/sitesel.html)

Sample ID

Field Observations of Sample Sample Recovery Details

IJW-SS-04

IJW-SS-06

IJW-SS-07

IJW-SS-08

IJW-SS-13

IJW-RR-01

IJW-RR-02

IJW-SS-09

IJW-SS-10

IJW-SS-11

IJW-SS-12
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Table 2-2.  Surface Sediment Chemistry Results - September 2005

Sample ID IJW-SS-01 IJW-SS-02 IJW-SS-03 IJW-SS-04 IJW-SS-05 IJW-SS-06 IJW-SS-07
Compound Sample Depth 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4'

Sample Date 9/1/2005 9/1/2005 8/31/2005 8/31/2005 8/31/2005 9/1/2005 8/31/2005

Conventionals 
Ammonia - mg-N/kg -- -- 37.2 26.2 20.3 31.3 47.6 62.7 38.9
pH -- -- 7.64 7.85 7.95 7.92 7.93 8.04 7.86
Total Solids - % -- -- 30.2 31.6 34.5 23.2 36 41.6 33.3
Sulfide - mg/kg -- -- 3,600 3,200 3,900 4,900 3,500 3,400 3,600
Total Organic Carbon -% -- -- 2.32 2.39 2.46 2.34 2.24 2.14 2.45
Total Solids - % -- -- 34.7 35.2 38.2 31 36.6 47.2 32.7
Total Volatile Solids - % -- -- 8.75 8.31 8.61 8.74 8.12 7.45 8.92

Grain Size - %
Gravel -- -- 0.2 0.2 2.9 < 0.01 < 0.01 26.9 0.4
Sand -- -- 15.2 15.3 20.2 18.5 15 40.7 17.2
Silt -- -- 53.2 49.2 47.5 55.2 55.1 25.3 55.7
Clay -- -- 31.5 35.2 29.4 26.4 29.9 7.2 26.7
Total Fines -- -- 84.7 84.4 76.9 81.6 85.0 32.5 82.4

Metals  (EPA 6000/7000) - mg/kg
Antimony -- -- < 20 R < 10 R < 10 R < 20 R < 10 R < 30 R < 10 R
Arsenic 57 93 < 20 < 10 20 < 20 20 < 30 10
Cadmium 5.1 6.7 0.7 0.7 0.9 0.7 0.8 < 1 0.8
Chromium 260 270 74 75 75 74 75 38 72
Copper 390 390 71 68 84 67 72 61 73
Lead 450 530 15 16 20 17 17 10 20
Mercury 0.41 0.59 0.40 0.30 0.30 0.40 0.4[4] 0.17 0.40
Nickel 140 [3] 140 [3] 117 122 117 119 125 57 174
Silver 6.1 6.1 < 0.9 < 0.9 < 0.8 < 1 < 0.8 < 2 < 0.9
Zinc 410 960 140 142 174 148 150 138 164

LPAH - ppm-OC
2-Methylnaphthalene 38 64 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 6.5 < 2.4
Acenaphthene 16 57 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 29.0 J < 2.4
Acenaphthylene 66 66 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4
Anthracene 220 1200 < 2.5 < 2.5 6.5 < 4.2 < 2.7 60.7 < 2.4
Fluorene 23 79 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 38.3 < 2.4
Naphthalene 99 170 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 6.1 < 2.4
Phenanthrene 100 480 4.7 < 2.5 6.1 6.8 4.2 205.6 3.8
Total LPAH 370 780 4.7 < 2.5 12.6 6.8 4.2 346.3 3.8

HPAH - ppm-OC
Benzo(A)Pyrene 99 210 < 2.5 < 2.5 6.1 < 4.2 2.9 84.1 3.9
Total Benzofluoranthene 230 450 6.3 < 2.5 21.5 12.0 8.3 154.2 11.4
Benzo(G,H,I)Perylene 31 78 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 22.4 < 2.4
Benzo(A)Anthracene 110 270 3.1 < 2.5 11.0 6.0 4.4 107.5 4.5
Dibenz(A,H)Anthracene 12 33 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 13.6 < 2.4
Chrysene 110 460 6.0 3.4 21.5 10.3 8.5 121.5 8.2
Fluoranthene 160 1200 9.1 4.1 22.0 15.0 8.9 345.8 12.2
Indeno(1,2,3-Cd)Pyrene 34 34 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 28.0 < 2.4
Pyrene 1000 1400 7.8 3.3 30.5 16.7 8.0 196.3 9.8
Total HPAH 960 5300 32.2 10.9 112.6 59.9 41.0 1073.4 50.0

Chlorinated Hydrocarbons - ppm-OC
1,2,4-Trichlorobenzene 0.81 1.8 < 2.54 [2] < 2.51 [2] < 4.02 [2] < 4.23 [2] < 2.68 [2] < 2.76 [2] < 2.41 [2]

1,2-Dichlorobenzene 2.3 2.3 < 2.54 [2] < 2.51 [2] < 4.02 [2] < 4.23 [2] < 2.67 [2] < 2.76 [2] < 2.41 [2]

1,4-Dichlorobenzene 3.1 9 < 2.54 < 2.51 < 4.02 [1] < 4.23 [1] < 2.68 < 2.76 < 2.41
Hexachlorobenzene 0.38 2.3 < 2.54 [2] < 2.51 [2] < 4.02 [2] < 4.23 [2] < 2.68 [2] < 2.76 [2] < 2.41 [2]

M-Dichlorobenzene -- -- < 2.54 < 2.51 < 4.02 < 4.23 < 2.68 < 2.76 < 2.41

Phthalates - ppm-OC
Benzyl Butyl Phthalate 4.9 64 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4
Bis(2-Ethylhexyl)Phthalate 47 78 10.3 2.6 16.3 9.4 5.8 392.5 10.2
Diethyl Phthalate 61 110 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4
Dimethyl Phthalate 53 53 < 2.5 < 2.5 < 4.0 9.0 < 2.7 3.0 < 2.4
Di-N-Butylphthalate 220 1700 35.8 UB 34.3 UB 26.0 UB 55.6 UB 35.7 UB 46.7 UB 34.7 UB
Di-N-Octyl Phthalate 58 4500 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4

Phenols - mg/kg
Phenol 0.42 1.0 < 0.059 < 0.06 < 0.099 < 0.099 < 0.06 < 0.059 < 0.059
2-Methylphenol 0.063 0.063 < 0.059 < 0.06 < 0.099 [2] < 0.099 [2] < 0.06 < 0.059 < 0.059
4-Methylphenol 0.67 0.67 < 0.059 < 0.06 < 0.099 < 0.099 < 0.06 0.085 < 0.059
2,4-Dimethylphenol 0.029 0.029 < 0.059 [2] < 0.06 [2] < 0.099 [2] < 0.099 [2] < 0.06 [2] < 0.059 [2] < 0.059 [2]

Pentachlorophenol 0.36 0.69 < 0.3 < 0.3 < 0.5 [1] < 0.49 [1] < 0.3 < 0.3 < 0.3

Miscellaneous Extractables - mg/kg
Benzyl alcohol 0.057 0.073 < 0.059 [1] < 0.06 [1] < 0.099 [2] < 0.099 [2] < 0.06 [1] < 0.059 [1] < 0.059 [1]

Benzoic acid 0.65 0.65 < 0.59 < 0.6 < 0.99 [2] < 0.99 [2] < 0.6 < 0.59 < 0.59

Misc Extractables -  ppm-OC
Dibenzofuran 15 58 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 23.8 < 2.4
Hexachloro-1,3-Butadiene 3.9 6.2 < 2.5 < 2.5 < 4.0 [1] < 4.23 [1] < 2.7 < 2.8 < 2.4
Hexachloroethane -- -- < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4
N-Nitrosodiphenylamine 11 11 < 2.5 < 2.5 < 4.0 < 4.2 < 2.7 < 2.8 < 2.4

Volatile Organics - mg/kg
Ethylbenzene -- -- < 0.0034 < 0.0031 < 0.0028 < 0.0039 < 0.0028 < 0.0017 < 0.0026
M,P-Xylene -- -- < 0.0034 < 0.0031 < 0.0028 < 0.0039 < 0.0028 < 0.0017 < 0.0026
O-Xylene -- -- < 0.0034 < 0.0031 < 0.0028 < 0.0039 < 0.0028 < 0.0017 < 0.0026
Tetrachloroethene -- -- < 0.0034 < 0.0031 < 0.0028 < 0.0039 < 0.0028 < 0.0017 < 0.0026
Trichloroethylene -- -- < 0.0034 < 0.0031 < 0.0028 < 0.0039 < 0.0028 < 0.0017 < 0.0026

PCBs - ppm-OC
Aroclor 1016 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Aroclor 1221 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Aroclor 1232 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Aroclor 1242 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Aroclor 1248 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Aroclor 1254 -- -- < 0.86 < 0.84 < 0.73 < 1.28 Y < 0.89 1.50 < 0.82
Aroclor 1260 -- -- < 0.86 < 0.84 < 0.73 < 0.85 < 0.89 < 0.93 < 0.82
Total PCBs 12 65 < 0.86 < 0.84 < 0.73 < 1.28 Y < 0.89 1.50 < 0.82

Notes: [1]  =  Value is non-detect.  RDL exceeds SQS Criteria.  MDL passes criteria. 
[2]  = Value is non-detect. RDL exceeds both SQS and CSL Criteria.  MDL passes criteria. 
[3]  = No SQS criteria exists for the element nickel.  As such, the PSDDA criteria is used in place.  
[4] =  This sample is the average of an intial run (0.50 mg/kg) and a duplicate analysis (0.30 mg/kg)
-- = No criteria value established
< =  Below laboratory instrument detection limit
Y = Reporting limit is raised due to instrument activity.  Compound not detected.
B = Analyte was detected in the blank as well as the sample.
Bold = value exceeds laboratory detection limit
Bold and underline = value exceeds SQS Criteria
Bold, underline, italics  = value exceeds CSL Criteria
Data has been validated according to QA-2 protocols.

SMS Criteria

SQS CSL
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Table 2-2.  Surface Sediment Chemistry Results - September 2005

Sample ID
Compound Sample Depth

Sample Date

Conventionals 
Ammonia - mg-N/kg -- --
pH -- --
Total Solids - % -- --
Sulfide - mg/kg -- --
Total Organic Carbon -% -- --
Total Solids - % -- --
Total Volatile Solids - % -- --

Grain Size - %
Gravel -- --
Sand -- --
Silt -- --
Clay -- --
Total Fines -- --

Metals  (EPA 6000/7000) - mg/kg
Antimony -- --
Arsenic 57 93
Cadmium 5.1 6.7
Chromium 260 270
Copper 390 390
Lead 450 530
Mercury 0.41 0.59
Nickel 140 [3] 140 [3]

Silver 6.1 6.1
Zinc 410 960

LPAH - ppm-OC
2-Methylnaphthalene 38 64
Acenaphthene 16 57
Acenaphthylene 66 66
Anthracene 220 1200
Fluorene 23 79
Naphthalene 99 170
Phenanthrene 100 480
Total LPAH 370 780

HPAH - ppm-OC
Benzo(A)Pyrene 99 210
Total Benzofluoranthene 230 450
Benzo(G,H,I)Perylene 31 78
Benzo(A)Anthracene 110 270
Dibenz(A,H)Anthracene 12 33
Chrysene 110 460
Fluoranthene 160 1200
Indeno(1,2,3-Cd)Pyrene 34 34
Pyrene 1000 1400
Total HPAH 960 5300

Chlorinated Hydrocarbons - ppm-OC
1,2,4-Trichlorobenzene 0.81 1.8
1,2-Dichlorobenzene 2.3 2.3
1,4-Dichlorobenzene 3.1 9
Hexachlorobenzene 0.38 2.3
M-Dichlorobenzene -- --

Phthalates - ppm-OC
Benzyl Butyl Phthalate 4.9 64
Bis(2-Ethylhexyl)Phthalate 47 78
Diethyl Phthalate 61 110
Dimethyl Phthalate 53 53
Di-N-Butylphthalate 220 1700
Di-N-Octyl Phthalate 58 4500

Phenols - mg/kg
Phenol 0.42 1.0
2-Methylphenol 0.063 0.063
4-Methylphenol 0.67 0.67
2,4-Dimethylphenol 0.029 0.029
Pentachlorophenol 0.36 0.69

Miscellaneous Extractables - mg/kg
Benzyl alcohol 0.057 0.073
Benzoic acid 0.65 0.65

Misc Extractables -  ppm-OC
Dibenzofuran 15 58
Hexachloro-1,3-Butadiene 3.9 6.2
Hexachloroethane -- --
N-Nitrosodiphenylamine 11 11

Volatile Organics - mg/kg
Ethylbenzene -- --
M,P-Xylene -- --
O-Xylene -- --
Tetrachloroethene -- --
Trichloroethylene -- --

PCBs - ppm-OC
Aroclor 1016 -- --
Aroclor 1221 -- --
Aroclor 1232 -- --
Aroclor 1242 -- --
Aroclor 1248 -- --
Aroclor 1254 -- --
Aroclor 1260 -- --
Total PCBs 12 65

Notes: [1]  =  Value is non-detect.  RDL exceeds SQS Criter
[2]  = Value is non-detect. RDL exceeds both SQS an
[3]  = No SQS criteria exists for the element nickel.  A
[4] =  This sample is the average of an intial run (0.50 
-- = No criteria value established
< =  Below laboratory instrument detection limit
Y = Reporting limit is raised due to instrument activit
B = Analyte was detected in the blank as well as the
Bold = value exceeds laboratory detection limit
Bold and underline = value exceeds SQS Criteria
Bold, underline, italics  = value exceeds CSL Crite
Data has been validated according to QA-2 protocol

SMS Criteria

SQS CSL

IJW-SS-08 IJW-SS-09 IJW-SS-10 IJW-SS-11 IJW-SS-12 IJW-RR-01 IJW-RR-02
0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4' 0-0.4'

9/1/2005 8/31/2005 9/1/2005 9/1/2005 9/1/2005 9/1/2005 9/2/2005 9/2/2005

44 33.9 9.02 6.55 28.4 68 4.06 23.2
7.85 7.89 7.99 7.63 7.79 7.84 7.94 7.82
38.3 25.4 53.9 63.4 54.5 25.5 72.3 34.3
3,300 4,000 2,100 1000 1,900 4,500 22 480
2.75 2.01 2.79 3.18 3.87 2.45 1.34 1.25
39.3 30.8 53.5 66.9 56 25.4 72.9 36.9
8.51 9 7 5.92 6.28 9.82 1.91 7.43

< 0.01 < 0.01 14.2 7.2 31.3 < 0.01 < 0.01 < 0.01
17.5 15.4 39.3 81.6 28.7 15.2 84.5 10.1
49.3 58.2 31.7 5.5 23.6 66.5 9.5 55.7
33.3 26.2 14.8 5.8 16.3 18.3 5.9 34.2
82.6 84.4 46.5 11.3 39.9 84.8 15.4 89.9

< 10 R < 20 R < 9 R < 8 R < 8 R < 20 R < 7 < 10
20 < 20 16 < 8 14 < 20 < 7 < 10
0.9 0.8 0.6 < 0.3 0.6 0.9 0.4 < 0.5
73 74 47 23 54 71 18 48
74 72 52 20 62 70 8 33
22 19 29 17 40 17 4 13

0.40 0.30 0.23 0.08 0.22 0.40 < 0.07 0.10
156 192 511 211 152 133 22 40

< 0.7 < 0.9 < 0.5 < 0.5 < 0.5 < 1 < 0.4 < 0.8
166 153 142 69.7 139 159 36 98

< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 3.2 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 5.0 < 1.8 2.5 < 2.4 < 1.5 < 1.6

2.8 4.2 9.7 3.5 4.4 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6

5.1 8.0 19.0 11.3 6.2 6.5 < 1.5 < 1.6
7.9 15.4 33.7 14.8 13.1 6.5 < 1.5 < 1.6

5.5 4.8 27.6 11.3 8.8 < 2.4 1.9 < 1.6
18.5 15.4 96.8 28.3 28.4 7.0 1.7 < 1.6

< 2.1 < 2.9 5.7 3.0 < 1.5 < 2.4 < 1.5 < 1.6
7.6 6.5 25.4 11.0 11.4 3.1 2.0 < 1.6

< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
15.6 13.4 71.7 16.0 19.4 5.7 1.9 < 1.6
16.0 18.9 86.0 37.7 33.6 11.8 4.1 < 1.6

< 2.1 < 2.9 6.5 3.5 1.9 < 2.4 < 1.5 < 1.6
14.2 12.9 121.9 26.4 22.7 7.3 3.4 < 1.6
77.4 71.9 441.6 137.3 126.2 35.0 15.1 < 1.6

< 2.11 [2] < 2.94 [2] < 3.51 [2] < 1.82 [2] < 1.50 [1] < 2.41 [2] < 1.49 [1] < 1.60 [1]

< 2.11 < 2.94 [2] < 3.51 [2] < 1.82 < 1.50 < 2.41 [2] < 1.49 < 1.60
< 2.11 < 2.94 < 3.51 [1] < 1.82 < 1.50 < 2.41 < 1.49 < 1.60
< 2.11 [1] < 2.94 [2] < 3.51 [2] < 1.82 [1] < 1.50 [1] < 2.41 [2] < 1.49 [1] < 1.60 [1]

< 2.11 < 2.94 < 3.51 < 1.82 < 1.50 < 2.41 < 1.49 < 1.60

< 2.1 < 2.9 < 3.5 2.4 < 1.5 < 2.4 < 1.5 < 1.6
10.2 7.5 21.9 28.9 14.0 11.8 < 1.5 3.0

< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6

28.7 UB 46.8 UB 35.1 UB 26.4 UB 23.0 UB 26.9 UB 67.9 B 80.0 B
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6

< 0.058 < 0.059 < 0.098 < 0.058 < 0.058 < 0.059 < 0.02 0.024
< 0.058 < 0.059 < 0.098 [2] < 0.058 < 0.058 < 0.059 < 0.02 < 0.02
< 0.058 < 0.059 < 0.098 < 0.058 < 0.058 < 0.059 < 0.02 0.055
< 0.058 [2] < 0.059 [2] < 0.098 [2] < 0.058 [2] < 0.058 [2] < 0.059 [2] < 0.02 < 0.02
< 0.29 < 0.3 < 0.49 [1] < 0.29 < 0.29 < 0.3 < 0.097 < 0.099

< 0.058 [1] < 0.059 [1] < 0.098 [2] < 0.058 [1] < 0.058 [1] < 0.059 [1] < 0.02 < 0.02
< 0.58 < 0.59 < 0.98 [2] < 0.58 < 0.58 < 0.59 < 0.2 < 0.2

< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6
< 2.1 < 2.9 < 3.5 < 1.8 < 1.5 < 2.4 < 1.5 < 1.6

< 0.0026 < 0.0033 < 0.0020 < 0.0014 < 0.0016 < 0.0036 < 0.0013 < 0.0029
< 0.0026 < 0.0033 < 0.0020 < 0.0014 < 0.0016 < 0.0036 < 0.0013 < 0.0029
< 0.0026 < 0.0033 < 0.0020 < 0.0014 < 0.0016 < 0.0036 < 0.0013 < 0.0029
< 0.0026 < 0.0033 < 0.0020 < 0.0014 < 0.0016 < 0.0036 < 0.0013 < 0.0029
< 0.0026 < 0.0033 < 0.0020 < 0.0014 < 0.0016 < 0.0036 < 0.0013 < 0.0029

< 0.69 < 1.00 < 0.72 < 0.63 < 0.49 < 0.82 < 1.42 < 1.60
< 0.69 < 1.00 < 0.72 < 0.63 < 0.49 < 0.82 < 1.42 < 1.60
< 0.69 < 1.00 < 0.72 < 0.63 < 0.49 < 0.82 < 1.42 < 1.60
< 0.69 < 1.00 < 0.72 < 0.63 < 0.49 < 0.82 < 1.42 < 1.60
< 0.69 < 1.00 < 0.72 < 0.63 < 0.49 < 0.82 < 1.42 < 1.60
< 0.69 < 1.00 < 0.72 < 0.63 < 0.75 Y < 0.82 < 1.42 < 1.60
< 0.69 1.54 J < 0.72 < 0.63 < 0.75 Y < 0.82 < 1.42 < 1.60
< 0.69 1.54 < 0.72 < 0.63 < 0.75 Y < 0.82 < 1.42 < 1.60

IJW-SS-13
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Table 2-3.  Surface Sediment Conventional and Grain Size Data - March 2006

Sample ID Ammonia pH Sulfide
Total Organic 

Carbon Total Solids
Total Volatile 

Solids Gravel Sand Silt Clay
mg-N/kg mg/kg % % % % % % %

IJW-SS-04 10.1 7.88 2200 2.63 41.1 7.38 0.1 5.9 52.9 41.2
IJW-SS-06 20.0 7.62 890 3.29 45.1 8.15 30.7 32 23.4 13.7
IJW-SS-07 19.5 7.95 2000 1.72 36.5 8.10 0 10.3 53.9 35.6
IJW-SS-08 21.4 7.78 2300 2.35 41.8 7.62 0.4 8.5 49.7 41.4
IJW-SS-09 18.9 7.74 2900 2.38 38.7 7.69 0.4 10.3 49.4 40.1
IJW-SS-10 7.85 7.72 1200 3.43 49.8 7.93 13.2 26.9 37.2 22.7
IJW-SS-11 5.32 7.63 200 4.04 65.8 5.49 8.9 74.5 9.2 7.5
IJW-SS-12 24.9 7.80 610 2.41 58.2 5.80 32.8 27.2 17.9 22.1
IJW-SS-13 17.2 7.84 3500 2.27 37.1 7.57 0.7 8.8 45.9 44.5
IJW-RR-01 5.19 7.76 67 1.22 73.0 1.79 0 82.4 9.8 7.7
IJW-RR-02 8.36 7.68 590 1.67 36.7 7.03 0 7.7 55.4 36.8

Notes:
-- = No criteria value established
< =  Below laboratory instrument detection limit
Sediment samples collected from 0-12 cm on March 13 and 14.

Conventionals Grain Size
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Sample Location Replicate Initial Count Final Count Percent Mortality

A 20 20 0
B 20 19 5
C 20 20 0
D 20 17 15
E 20 18 10

Mean 6
A 20 19 5
B 20 20 0
C 20 19 5
D 20 20 0
E 20 20 0

Mean 2
A 20 19 5
B 20 18 10
C 20 19 5
D 20 16 20
E 20 20 0

Mean 8
A 20 16 20
B 20 13 35
C 20 14 30
D 20 15 25
E 20 18 10

Mean 24
A 20 20 0
B 20 17 15
C 20 19 5
D 20 19 5
E 20 18 10

Mean 7
A 20 20 0
B 20 15 25
C 20 18 10
D 20 18 10
E 20 19 5

Mean 10
A 20 17 15
B 20 20 0
C 20 19 5
D 20 18 10
E 20 18 10

Mean 8
A 20 13 35
B 20 19 5
C 20 15 25
D 20 14 30
E 20 17 15

Mean 22

IJW-RR-01

IJW-RR-02

Table 2-4.  Summary of Surface Sediment Bioassay 10- Day Amphipod 
Testing (Eohaustorius estuarius ) 1

IJW-SS-07

IJW-SS-08

Control-1

Control-2

IJW-SS-04

IJW-SS-06
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Sample Location Replicate Initial Count Final Count Percent Mortality

Table 2-4.  Summary of Surface Sediment Bioassay 10- Day Amphipod 
Testing (Eohaustorius estuarius ) 1

A 20 18 10
B 20 19 5
C 20 13 35
D 20 17 15
E 20 18 10

Mean 15
A 20 17 15
B 20 16 20
C 20 16 20
D 20 18 10
E 20 18 10

Mean 15
A 20 19 5
B 20 9 55
C 20 16 20
D 20 18 10
E 20 20 0

Mean 18
A 20 20 0
B 20 17 15
C 20 18 10
D 20 18 10
E 20 19 5

Mean 8
A 20 15 25
B 20 20 0
C 20 14 30
D 20 14 30
E 20 15 25

Mean 22

Notes:
1  Test results from the October 2005 sampling event.

IJW-SS-11

IJW-SS-10

IJW-SS-12

IJW-SS-13

IJW-SS-09

Page 2 of 2



Sample 
Location Replicate Initial Count Final Count Percent 

Survival
Total Worm 
Weight (mg)

Average 
Weight Per 
Worm (mg)

Mean Individual 
Growth Rate 
(mg/ind/day)

A 5 5 100 78.80 15.76 0.78
B 5 5 100 75.21 15.04 0.75
C 5 5 100 93.87 18.77 0.93
D 5 5 100 83.48 16.70 0.83
E 5 5 100 70.58 14.12 0.70

Mean 100 80.39 16.08 0.80
A 5 5 100 67.79 13.56 0.67
B 5 5 100 76.28 15.26 0.76
C 5 5 100 66.85 13.37 0.66
D 5 5 100 91.75 18.35 0.91
E 5 5 100 56.32 11.26 0.56

Mean 100 71.80 14.36 0.71
A 5 5 100 89.07 17.81 0.89
B 5 5 100 69.45 13.89 0.69
C 5 5 100 134.75 26.95 1.34
D 5 5 100 72.44 14.49 0.72
E 5 5 100 114.83 22.97 1.14

Mean 100 96.11 19.22 0.96
A 5 4 80 89.78 22.45 1.12
B 5 5 100 59.42 11.88 0.59
C 5 4 80 73.21 18.30 0.91
D 5 5 100 90.31 18.06 0.90
E 5 5 100 76.21 15.24 0.76

Mean 92 77.79 17.19 0.86
A 5 5 100 101.68 20.34 1.01
B 5 5 100 76.75 15.35 0.76
C 5 5 100 81.63 16.33 0.81
D 5 4 80 73.51 18.38 0.91
E 5 5 100 79.13 15.83 0.79

Mean 96 82.54 17.24 0.86
A 5 6 120 81.94 13.66 0.68
B 5 5 100 68.67 13.73 0.68
C 5 5 100 72.16 14.43 0.72
D 5 5 100 63.35 12.67 0.63
E 5 5 100 47.79 9.56 0.47

Mean 104 66.78 12.81 0.64
A 5 5 100 83.87 16.77 0.83
B 5 5 100 73.56 14.71 0.73
C 5 5 100 79.50 15.90 0.79
D 5 5 100 71.58 14.32 0.71
E 5 5 100 92.36 18.47 0.92

Mean 100 80.17 16.03 0.80
A 5 5 100 74.09 14.82 0.74
B 5 5 100 84.62 16.92 0.84
C 5 4 80 71.66 17.92 0.89
D 5 5 100 67.98 13.60 0.68
E 5 5 100 61.27 12.25 0.61

Mean 96 71.92 15.10 0.75
A 5 5 100 60.49 12.10 0.60
B 5 5 100 70.70 14.14 0.70
C 5 5 100 79.69 15.94 0.79
D 5 5 100 89.97 17.99 0.90
E 5 5 100 67.91 13.58 0.68

Mean 100 73.75 14.75 0.73

Table 2-5.  Summary of Surface Sediment Bioassay 20-Day Growth Juvenile Polychaete Testing (Neanthes 
arenaceodentata) 2

Control-1

Control-2

IJW-SS-04

IJW-RR-01

IJW-RR-02

IJW-SS-06

IJW-SS-07

IJW-SS-08

IJW-SS-09
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Sample 
Location Replicate Initial Count Final Count Percent 

Survival
Total Worm 
Weight (mg)

Average 
Weight Per 
Worm (mg)

Mean Individual 
Growth Rate 
(mg/ind/day)

Table 2-5.  Summary of Surface Sediment Bioassay 20-Day Growth Juvenile Polychaete Testing (Neanthes 
arenaceodentata) 2

A 5 5 100 57.94 11.59 0.58
B 5 6 120 50.84 8.47 0.42
C 5 5 100 75.54 15.11 0.75
D 5 3 60 34.14 11.38 0.57
E 5 5 100 74.14 14.83 0.74

Mean 96 58.52 12.28 0.61
A 5 5 100 99.32 19.86 0.99
B 5 5 100 77.22 15.44 0.77
C 5 5 100 85.81 17.16 0.85
D 5 5 100 102.93 20.59 1.03
E 5 5 100 81.28 16.26 0.81

Mean 100 89.31 17.86 0.89
A 5 5 100 77.22 15.44 0.77
B 5 5 100 61.71 12.34 0.61
C 5 5 100 50.66 10.13 0.50
D 5 5 100 75.64 15.13 0.75
E 5 5 100 68.69 13.74 0.68

Mean 100 66.78 13.36 0.66
A 5 5 100 79.28 15.86 0.79
B 5 4 80 65.49 16.37 0.81
C 5 5 100 77.45 15.49 0.77
D 5 5 100 50.53 10.11 0.50
E 5 5 100 76.07 15.21 0.76

Mean 96 69.76 14.61 0.73

Notes:
2  Test results from the March 2006 sampling event.

IJW-SS-13

IJW-SS-11

IJW-SS-12

IJW-SS-10
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Initial Number of Number Number Total
Embryos, T=0 Normal Abnormal Number

A 278 214 25 239 0.77
B 278 264 30 294 0.95
C 278 246 34 280 0.88
D 278 250 24 274 0.90
E 278 260 39 299 0.94

Mean 278 247 30 277 0.89

Initial Number of Number Number Total
Embryos, T=0 Normal Abnormal Number

A 278 262 36 298 0.94
B 278 222 25 247 0.80
C 278 191 19 210 0.69
D 278 210 27 237 0.76
E 278 217 35 252 0.78
F 278 212 26 238 0.76
G 278 217 17 234 0.78
H 278 188 35 223 0.68
I 278 215 23 238 0.77

Mean 278 215 27 242 0.77

Number Number Total
Normal Abnormal Number

A 193 20 213 0.78
B 140 12 152 0.57
C 172 9 181 0.70
D 175 12 187 0.71
E 189 13 202 0.77

Mean 173.8 13 187 0.70

Number Number Total
Normal Abnormal Number

A 157 16 173 0.64
B 200 40 240 0.81
C 166 10 176 0.67
D 188 27 215 0.76
E 169 16 185 0.68

Mean 176 22 198 0.71

Site

Reference 
(RR-02)

NC/Mean Initial

Replicate NR2/NC

Site Replicate NR1/NC

Sediment 
Control

Reference 
(RR-01)

Table 2-6.  Summary of Surface Sediment Bioassay Larval Normality Testing (Mytilis 
galloprovincialis ) 2

Site Replicate NC/Mean Initial

Site Replicate

Sea Water 
Control
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Table 2-6.  Summary of Surface Sediment Bioassay Larval Normality Testing (Mytilis 
galloprovincialis ) 2

Number Number Total
Normal Abnormal Number

A 99 31 130 - 0.56
B 117 19 136 - 0.66
C 127 24 151 - 0.72
D 99 26 125 - 0.56
E 136 20 156 - 0.77

Mean 116 - 0.66
A 57 80 137 0.33 -
B 84 49 133 0.48 -
C 73 65 138 0.42 -
D 75 56 131 0.43 -
E 87 77 164 0.50 -

Mean 75 0.43 -
A 159 29 188 - 0.90
B 109 40 149 - 0.62
C 58 38 96 - 0.33
D 91 36 127 - 0.52
E 89 70 159 - 0.51

Mean 101 - 0.58
A 150 29 179 - 0.85
B 128 59 187 - 0.73
C 127 49 176 - 0.72
D 93 41 134 - 0.53
E 89 40 129 - 0.51

Mean 117 - 0.67
A 145 52 197 - 0.82
B 90 58 148 - 0.51
C 120 49 169 - 0.68
D 105 74 179 - 0.60
E 100 68 168 - 0.57

Mean 112 - 0.64
A 161 30 191 - 0.91
B 67 91 158 - 0.38
C 146 58 204 - 0.83
D 71 66 137 - 0.40
E 158 115 273 - 0.90

Mean 121 - 0.69
A 153 33 186 0.88 -
B 188 58 246 1.08 -
C 195 48 243 1.12 -
D 140 31 171 0.81 -
E 141 71 212 0.81 -

Mean 163 0.94 -
A 175 40 215 1.01 -
B 133 10 143 0.77 -
C 174 33 207 1.00 -
D 146 34 180 0.84 -
E 89 66 155 0.51 -

Mean 143 0.83 -
A 125 12 137 - 0.71
B 84 17 101 - 0.48
C 135 18 153 - 0.77
D 96 70 166 - 0.55
E 137 56 193 - 0.78

Mean 115 - 0.66

Notes:  
2  Test results from the March 2006 sampling event.
Replicates were run using standard method
N = normal counts
Subscripts: R1 = reference sediment RR-01, R2 = reference sediment RR-02, C = negative control

SS-13

Mean Normal 
Survival (NT/NR1)

SS-08

SS-09

SS-07

SS-10

SS-12

SS-11

Site Replicate

SS-04

SS-06

Mean Normal 
Survival (NT/NR2)
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Table 2-7.  Reference and Control Bioassay Performance Standards

Criteria Pass or Fail? Criteria Pass or Fail?

Amphipod
The control has a mortality of less than 10 

percent (MC < 10%) Pass
The reference has a mortality of less than 

25 percent (MR < 25%) Pass

Juvenile Polychaete

The control has a mortality of less than 10 
percent and a target mean individual 

growth rate of 0.72 mg per individual per 
day.  Control growth rates below 0.38 mg 
per individual per day will be considered a 
QA/QC failure (PSDDA, 1996) (MC < 10% 

and MIG ≥ 0.38 mg)

Pass *

The reference has a mean individual 
growth rate greater than or equal to 80 

percent of the growth rate measured in the 
control (MIGR/MIGC ≥ 0.80)

Pass

Larval
The control has a mean normal 

survivorship of greater than 70 percent of 
the initial count (NC/I ≥ 0.70)

Pass

The reference has a mean normal 
survivorship of greater than or equal to 65 
percent of the mean normal survivorship 
measured in the control (NR/NC ≥ 0.65)

Pass

Source: (Ecology, 1998b)
M = mortalilty, MIG = mean individual growth rate, N = normal counts, I = initial count
Subscripts: C = negative control, R = reference sediment

Control ReferenceBiological Test

* = One of two control mean individual growth rates was below target levels (0.72 mg/ind/day), however, each was above QA/QC levels 
(0.38 mg/ind/day).
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Table 2-8.  Sediment Management Standards Biological Effects Criteria1

Biological Test SQS Biological Criteria CSL Biological Criteria

Amphipod

The test sediment has a significantly higher (t-
test, p = 0.05) mean mortality than the 
reference sediment, and the test sediment 
mean mortality exceeds 25 percent 
(MT > 25%)

The test sediment has a significantly higher (t-
test, p = 0.05) mean mortality than the 
reference sediment, and the test sediment 
mean mortality is more than 30 percent 
greater (MR-MT > 30%) than the reference 
sediment mean mortality

Juvenile Polychaete

The mean individual growth rate in the test 
sediment is less than 70 percent of the mean 
individual growth rate in the reference 
sediment (MIGT/MIGR < 0.70), and the test 
sediment biomass is significantly different 
(t-test, p = 0.05) from the reference sediment 
biomass

The mean individual growth rate in the test 
sediment is less than 50 percent of the mean 
individual growth rate in the reference 
sediment (MIGT/MIGR < 0.50), and the test 
sediment biomass is significantly different 
(t-test, p = 0.05) from the reference sediment 
biomass

Larval

The test sediment has a mean survivorship 
of normal larvae that is significantly less (t-
test, p = 0.05) than the mean normal 
survivorship in the reference sediment, and 
the mean normal survivorship as a 
percentage of the negative control is less 
than 85% than the mean normal survivorship 
in the reference sediment as a percentage of 
the negative control 
[(NT/NR) < 0.85]

The test sediment has a mean survivorship 
of normal larvae that is significantly less (t-
test, p = 0.05) than the mean normal 
survivorship in the reference sediment, and 
the mean normal survivorship as a 
percentage of the negative control is less 
than 70% than the mean normal survivorship 
in the reference sediment as a percentage of 
the negative control 
[(NT/NR) < 0.70]

1 SMS Bioassay Evaluation Endpoints - Ecology, 1998b
M = mortalilty, MIG = mean individual growth rate, N = normal counts, I = initial count
Subscripts: C = negative control, R = reference sediment
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Table 2-9.  I&J Waterway Surface Sediment Bioassay Endpoint Evaluation

RR-01 RR-02 RR-01 RR-02 RR-01 RR-02
Amphipod 3

SS-04 -- No -- No -- No Pass
SS-06 No -- No -- No -- Pass
SS-07 -- No -- No -- No Pass
SS-08 -- No -- No -- No Pass
SS-09 -- No -- No -- No Pass
SS-10 -- No -- No -- No Pass
SS-11 No -- No -- No -- Pass
SS-12 No -- No -- No -- Pass
SS-13 -- No -- No -- No Pass

Juvenile Polychaete
SS-04 -- No -- No -- No Pass
SS-06 Yes -- Yes -- No -- SQS
SS-07 -- No -- No -- No Pass
SS-08 -- No -- No -- No Pass
SS-09 -- No -- No -- No Pass
SS-10 -- Yes -- No -- No Pass
SS-11 No -- No -- No -- Pass
SS-12 Yes -- Yes -- No -- SQS
SS-13 -- No -- No -- No Pass

Larval
SS-04 -- Yes -- Yes -- Yes CSL
SS-06 Yes -- Yes -- Yes -- CSL
SS-07 -- Yes -- Yes -- Yes CSL
SS-08 -- Yes -- Yes -- Yes CSL
SS-09 -- Yes -- Yes -- Yes CSL
SS-10 -- Yes -- Yes -- Yes CSL
SS-11 No -- No -- No -- Pass
SS-12 No -- Yes -- No -- Pass
SS-13 -- Yes -- Yes -- Yes CSL

2 SQS and CSL Biological Criteria for each bioassay are stated in Table 6.
3 Amphipod results are from the August 2005 sampling event.
M = mortalilty, N = normal counts, MIG = mean individual growth rate
Subscripts: R = reference sediment, T = test sediment, C = negative control
RR-01 = Reference station 1 (16% fines)
RR-02 = Reference station 2 (92% fines)

Fails CSL Effect 
Criteria (Yes/No)

M R -M T >30%

SQS/CSL 
Bioligical Criteria 

(Pass/Fail) 2
Bioassay Test Site

Statistical Difference 
Present (Yes/No) 1 

t-test, p=0.05

Fails SQS Effect Criteria 
(Yes/No)

M T  > 25%, Absolute

1 Statistical analyses conducted using DMMP/SMS Bioassay Statistics Program Beta v2.0c developed by the Corps of Engineers, 
Seattle District.

(N T /N R )<0.70(N T /N R )<0.85

MIG T /MIG R <0.50MIG T /MIG R <0.70
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SQS CSL
Screening 

Level     
(SL)

Bioaccum-
mulation 

Trigger (BT)

Maximum 
Level (ML)

Conventionals
Total Solids (%) NV NV NV NV NV
Total Volatile Solids(%) NV NV NV NV NV
Total Organic Carbon (%) NV NV NV NV NV
Ammonia (mg-N/kg) NV NV NV NV NV
Total Sulfides (mg/kg) NV NV NV NV NV J J J

Metals - mg/kg
Antimony NV NV 150 150 200 UR UR UR
Arsenic 57 93 57 507.1 700 U
Cadmium 5.1 6.7 5.1 11.3 14
Chromium 260 270 NV 267 NV    
Copper 390 390 390 1,027 1,300
Lead 450 530 450 975 1,200
Mercury 0.41 0.59 0.41 1.5 2.3
Nickel NV NV 140 370 370
Silver 6.1 6.1 6.1 6.1 8.4 U U U
Zinc 410 960 410 2,763 3,800 J J J

Porewater Organotins 
Monobutyl Tin NV NV NV NV NV UB UJ UB
Dibutyl Tin NV NV NV NV NV U U U
Tributyl Tin NV NV 0.15 NV NV UB J UB

Bulk Sediment Organotins -ug/kg
Monobutyl Tin NV NV NV NV NV UJ UJ UJ
Dibutyl Tin NV NV NV NV NV U U
Tributyl Tin NV NV (73)* NV NV  U

LPAH (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
Naphthalene 99 170 2.1 NV 2.4 0.019 0.64 J 0.033 0.47  0.066 2.7  
Acenaphthylene 66 66 0.56 NV 1.3 <0.020 <0.67 U 0.016 0.23 J <0.020 <0.82 U
Acenaphthene 16 57 0.5 NV 2.0 0.010 0.34 J 0.017 0.24 J 0.015 0.61 J
Fluorene 23 79 0.54 NV 3.6 0.019 0.64 J 0.027 0.38  0.026 1.1  
Phenanthrene 100 480 1.5 NV 21 0.059 1.98 0.160 2.3 0.100 4.08
Anthracene 220 1200 0.96 NV 13 0.026 0.87 0.055 0.78  0.032 1.3  
2-Methylnaphthalene 38 64 0.67 NV 1.9 0.020 0.67  0.033 0.47  0.067 2.7  

Total LPAH  370 780 5.2 NV 29 0.153 5.13 0.341 4.82 0.306 12.5
 HPAH (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)

Fluoranthene 160 1200 1.7 4.6 30 0.120 4.03 0.310 4.38 0.150 6.12
Pyrene 1000 1400 2.6 11.98 16 0.180 6.04 0.420 5.93 0.150 6.12
Benzo(a)anthracene 110 270 1.3 NV 5.1 0.065 2.2 0.160 2.26 0.056 2.3
Chrysene 110 460 1.4 NV 21 0.110 3.69 0.270 3.81 0.079 3.2
Benzofluoranthenes (b+k) 230 450 3.2 NV 9.9 0.125 4.19 0.350 4.94 0.095 3.9
Benzo(a)pyrene 99 210 1.6 NV 3.6 0.049 1.6 0.150 2.12 0.044 1.8
Indeno(1,2,3-cd)pyrene 34 88 0.6 NV 4.4 0.030 1.0 0.095 1.3 0.026 1.1
Dibenzo(a,h)anthracene 12 33 0.23 NV 1.9 <0.020 <0.67 U 0.021 0.30  <0.020 <0.82 U
Benzo(g,h,i)perylene 31 78 0.67 NV 3.2 0.033 1.1 0.097 1.4  0.030 1.2

Total HPAH  960 5300 12 NV 69 0.712 23.9 1.873 26.45 0.630 25.7
Chlorinated Hydrocarbons (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)

1,3-Dichlorobenzene NV NV 0.17 NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
1,4-Dichlorobenzene 3.1 9 0.11 NV 0.12 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
1,2-Dichlorobenzene 2.3 2.3 0.035 NV 0.11 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
1,2,4-Trichlorobenzene 0.81 1.8 0.031 NV 0.064 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Hexachlorobenzene 0.38 2.3 0.022 0.168 0.23 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U

 Phthalates (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
Dimethyl phthalate 53 53 0.071 NV 1.4 <0.020 <0.67 U 0.012 0.169 J <0.020 <0.82 U
Diethyl phthalate 61 110 0.2 NV 1.2 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Di-n-butyl phthalate 220 1700 1.4 NV 5.1 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Butyl benzyl phthalate 4.9 64 0.063 NV 0.97 <0.020 <0.67 U 0.020 0.282 J 0.012 0.490 J
Bis(2-ethylhexyl)phthalate 47 78 1.3 NV 8.3 0.460 15.436 0.420 5.932  0.110 4.490  
Di-n-octyl phthalate 58 4500 6.2 NV 6.2 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.049 U

Phenols - mg/kg
Phenol 0.42 1 0.42 NV 1.2 U U  
2-Methylphenol 0.063 0.063 0.063 NV 0.077 U U U
4-Methylphenol 0.67 0.67 0.67 NV 3.6    
2,4-Dimethylphenol 0.029 0.029 0.029 NV 0.21 U U  
Pentachlorophenol 0.36 0.69 0.40 0.504 0.69 U U U

 Miscellaneous Extractables (mg/kg ) (mg/kg ) (mg/kg) (mg/kg) (mg/kg)
Benzyl alcohol 0.057 0.073 0.057 NV 0.87 U U U
Benzoic acid 0.65 0.65 0.65 NV 0.76 U U U

 Miscellaneous Extractables (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
Dibenzofuran 15 58 0.54 NV 1.7 0.019 0.638 J 0.030 0.424  0.048 1.959  
Hexachloroethane NV NV 1.4 NV 14 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Hexachlorobutadiene 3.9 6.2 0.029 NV 0.27 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
N-Nitrosodiphenylamine 11 11 0.028 NV 0.13 <0.020 <0.67 U <0.020 <0.28 U <0.025 <1.0 Y

Volatile Organics -ug/kg (mg/kg) (mg/kg) (mg/kg)
Trichloroethene NV NV 0.16 NV 1.6 U U U
Tetrachlorethene NV NV 0.057 NV 0.21 U U U
Ethylbenzene NV NV 0.01 NV 0.05 U U U
Total xylenes (Sum of o-, m-, p-) NV NV 0.040 NV 0.16 U U U

Pesticides (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
DDT NV NV 0.0069 0.05 0.069 <0.002 <0.07 U <0.002 <0.03 U <0.002 <0.08 U
Aldrin NV NV 0.01 NV NV <0.001 <0.03 U <0.001 <0.01 U <0.001 <0.04 U
alpha-chlordane NV NV 0.01 0.037 NV <0.001 <0.03 U <0.001 <0.002 U <0.001 <0.04 U
dieldrin NV NV 0.01 NV NV <0.002 <0.07 U <0.002 <0.03 U <0.002 <0.08 U
heptachlor NV NV 0.01 NV NV <0.001 <0.03 U <0.001 <0.01 U <0.001 <0.04 U
alpha-BHC NV NV NV 0.01 NV <0.001 <0.03 <0.001 <0.01 <0.001 <0.04
gamma-BHC (Lindane) NV NV 0.01 NV NV <0.001 <0.03 U <0.001 <0.01 U <0.001 <0.04 U

PCBs (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
Aroclor 1016 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1242 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1248 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1254 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1260 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1221 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Aroclor 1232 NV NV NV NV NV <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U
Total PCBs ** 12 65 0.13 38*** 3.1 <0.020 <0.67 U <0.020 <0.28 U <0.020 <0.82 U

Notes:
Bold values at or above laboratory detection limit
Underlined values exceed the SQS value in SMS or the SL value of PSDDA
Double underlined values exceed the CSL
Double underlined and italics exceeds the ML
* The 73 ug/kg criteria for bulk TBT derived from PSDDA screening level for sediments.

** This value is normalized to organic carbon, and is expressed in mg/kg TOC. 
NV - No value currently established under PSDDA or SMS.
NA = Not analyzed
U = Undetected
D = Diluted sample
Y = Raised reporting limit due to background interference
B = Contamination observed in the method blank
J = Estimated concentration
UG = Undetected, reporting limit may be biased low
LPAH - Light molecular weight poly aromatic hydrocarbon 
HPAH - Heavy molecular weight poly aromatic hydrocarbon
Data has been validated according to QA-2 protocols.

<5.8
<4.1

<5.7
<4.0

14
<4.1

0.12
<0.029 <0.029 <0.029

0.028

(ug/L) (ug/L) 
0.065 0.13

<0.200
<0.020

(mg/kg )

<0.200
<0.020

<0.020

<0.020

SMS Criteria

310

57.5 48.5
10.11
2.45
41.6

DMMU3

<1.6

(ug/kg)

<1.6
<1.6

(mg/kg)

<0.099

0.032

(mg/kg)

<0.099

0.045
0.028

0.031
<0.020

<1.4

23.76
7.08

(mg/kg )

50.9
160

(mg/kg)

(ug/kg) (ug/kg)

(mg/kg)

44.4

8

<1.4

(ug/kg)

<1.4

<0.020

113 80.1

9.1 <3.8

0.6 0.5
223 97
0.43 0.54
26 25

55.9 44.2

8

60
0.6 0.4

Parameter

Table 3-1  Summary of Subsurface Sediment Chemical Concentrations
DMMP Criteria

IJ-C4-S1 IJ-C4-S2

10
10

** Total PCBs are calculated by summing detected concentrations of Aroclors.

<3.2 <2.8

IJ-C3-S1

48.4
7.75
2.98
62.2

2,000
(mg/kg)

9
10
0.6
68.3
62.3

(ug/kg) 

22
0.70
108
0.6

0.075
(ug/L) 

0.13

6.8

128

<2.2
<4.4

(mg/kg )

<0.020
<0.200

(ug/kg)

(mg/kg)

<0.020

<2.2
<2.2

<0.020
0.021

<0.020
<0.099

DMMU4A DMMU4B
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SQS CSL
Screening 

Level     
(SL)

Bioaccum-
mulation 

Trigger (BT)

Maximum 
Level (ML)

Conventionals
Total Solids (%) NV NV NV NV NV
Total Volatile Solids(%) NV NV NV NV NV
Total Organic Carbon (%) NV NV NV NV NV
Ammonia (mg-N/kg) NV NV NV NV NV
Total Sulfides (mg/kg) NV NV NV NV NV

Metals - mg/kg
Antimony NV NV 150 150 200
Arsenic 57 93 57 507.1 700
Cadmium 5.1 6.7 5.1 11.3 14
Chromium 260 270 NV 267 NV
Copper 390 390 390 1,027 1,300
Lead 450 530 450 975 1,200
Mercury 0.41 0.59 0.41 1.5 2.3
Nickel NV NV 140 370 370
Silver 6.1 6.1 6.1 6.1 8.4
Zinc 410 960 410 2,763 3,800

Porewater Organotins 
Monobutyl Tin NV NV NV NV NV
Dibutyl Tin NV NV NV NV NV
Tributyl Tin NV NV 0.15 NV NV

Bulk Sediment Organotins -ug/kg
Monobutyl Tin NV NV NV NV NV
Dibutyl Tin NV NV NV NV NV
Tributyl Tin NV NV (73)* NV NV

LPAH (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)
Naphthalene 99 170 2.1 NV 2.4
Acenaphthylene 66 66 0.56 NV 1.3
Acenaphthene 16 57 0.5 NV 2.0
Fluorene 23 79 0.54 NV 3.6
Phenanthrene 100 480 1.5 NV 21
Anthracene 220 1200 0.96 NV 13
2-Methylnaphthalene 38 64 0.67 NV 1.9

Total LPAH  370 780 5.2 NV 29
 HPAH (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)

Fluoranthene 160 1200 1.7 4.6 30
Pyrene 1000 1400 2.6 11.98 16
Benzo(a)anthracene 110 270 1.3 NV 5.1
Chrysene 110 460 1.4 NV 21
Benzofluoranthenes (b+k) 230 450 3.2 NV 9.9
Benzo(a)pyrene 99 210 1.6 NV 3.6
Indeno(1,2,3-cd)pyrene 34 88 0.6 NV 4.4
Dibenzo(a,h)anthracene 12 33 0.23 NV 1.9
Benzo(g,h,i)perylene 31 78 0.67 NV 3.2

Total HPAH  960 5300 12 NV 69
Chlorinated Hydrocarbons (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)

1,3-Dichlorobenzene NV NV 0.17 NV NV
1,4-Dichlorobenzene 3.1 9 0.11 NV 0.12
1,2-Dichlorobenzene 2.3 2.3 0.035 NV 0.11
1,2,4-Trichlorobenzene 0.81 1.8 0.031 NV 0.064
Hexachlorobenzene 0.38 2.3 0.022 0.168 0.23

 Phthalates (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)
Dimethyl phthalate 53 53 0.071 NV 1.4
Diethyl phthalate 61 110 0.2 NV 1.2
Di-n-butyl phthalate 220 1700 1.4 NV 5.1
Butyl benzyl phthalate 4.9 64 0.063 NV 0.97
Bis(2-ethylhexyl)phthalate 47 78 1.3 NV 8.3
Di-n-octyl phthalate 58 4500 6.2 NV 6.2

Phenols - mg/kg
Phenol 0.42 1 0.42 NV 1.2
2-Methylphenol 0.063 0.063 0.063 NV 0.077
4-Methylphenol 0.67 0.67 0.67 NV 3.6
2,4-Dimethylphenol 0.029 0.029 0.029 NV 0.21
Pentachlorophenol 0.36 0.69 0.40 0.504 0.69

 Miscellaneous Extractables (mg/kg ) (mg/kg ) (mg/kg) (mg/kg) (mg/kg)
Benzyl alcohol 0.057 0.073 0.057 NV 0.87
Benzoic acid 0.65 0.65 0.65 NV 0.76

 Miscellaneous Extractables (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)
Dibenzofuran 15 58 0.54 NV 1.7
Hexachloroethane NV NV 1.4 NV 14
Hexachlorobutadiene 3.9 6.2 0.029 NV 0.27
N-Nitrosodiphenylamine 11 11 0.028 NV 0.13

Volatile Organics -ug/kg (mg/kg) (mg/kg) (mg/kg)
Trichloroethene NV NV 0.16 NV 1.6
Tetrachlorethene NV NV 0.057 NV 0.21
Ethylbenzene NV NV 0.01 NV 0.05
Total xylenes (Sum of o-, m-, p-) NV NV 0.040 NV 0.16

Pesticides (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)
DDT NV NV 0.0069 0.05 0.069
Aldrin NV NV 0.01 NV NV
alpha-chlordane NV NV 0.01 0.037 NV
dieldrin NV NV 0.01 NV NV
heptachlor NV NV 0.01 NV NV
alpha-BHC NV NV NV 0.01 NV
gamma-BHC (Lindane) NV NV 0.01 NV NV

PCBs (ppm TOC) (ppm TOC) (mg/kg) (mg/kg) (mg/kg)
Aroclor 1016 NV NV NV NV NV
Aroclor 1242 NV NV NV NV NV
Aroclor 1248 NV NV NV NV NV
Aroclor 1254 NV NV NV NV NV
Aroclor 1260 NV NV NV NV NV
Aroclor 1221 NV NV NV NV NV
Aroclor 1232 NV NV NV NV NV
Total PCBs ** 12 65 0.13 38*** 3.1

Notes:
Bold values at or above laboratory detection limit
Underlined values exceed the SQS value in SMS or the SL value of PSDDA
Double underlined values exceed the CSL
Double underlined and italics exceeds the ML
* The 73 ug/kg criteria for bulk TBT derived from PSDDA screening level for sediments.

** This value is normalized to organic carbon, and is expressed in mg/kg TOC. 
NV - No value currently established under PSDDA or SMS.
NA = Not analyzed
U = Undetected
D = Diluted sample
Y = Raised reporting limit due to background interference
B = Contamination observed in the method blank
J = Estimated concentration
UG = Undetected, reporting limit may be biased low
LPAH - Light molecular weight poly aromatic hydrocarbon 
HPAH - Heavy molecular weight poly aromatic hydrocarbon
Data has been validated according to QA-2 protocols.

SMS Criteria

Parameter

Table 3-1  Summary of Subsurface Sediment Chemical Concentrations
DMMP Criteria

** Total PCBs are calculated by summing detected concentrations of Aroclors.

J J

UR UR
U U

  

 

U U
J J

UB UB
U U

UB J

UJ UJ
U U

(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
0.031 0.96 0.110 1.6  

<0.020 <0.62 U 0.014 0.20 J
0.032 0.99 0.062 0.88  
0.048 1.5 0.067 0.95  
0.280 8.7 0.180 2.6
0.069 2.1 0.083 1.2
0.033 1.0  0.069 0.98  
0.493 15.3 0.585 8.32

(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
0.320 9.94 0.500 7.11
0.400 12.4 0.560 7.97
0.160 4.97 0.170 2.42
0.200 6.21 0.250 3.56
0.220 6.83 0.249 3.54
0.110 3.42 0.110 1.56
0.059 1.8 0.048 0.68
0.015 0.47 J 0.013 0.18 J 
0.060 1.9 0.048 0.68  
1.544 47.95 1.948 27.71

(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
<0.020 <0.62 U 0.079 1.124  
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
0.690 21.4 12.000 171 D
0.210 6.522  0.040 0.569  

U U
U J
  
J  
U U

U U
U U

(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
0.039 1.2 0.074 1.053  

<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U
<0.020 <0.62 U <0.020 <0.28 U

U U
U U
U U
U U

(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
<0.010 <0.31 Y <0.012 <0.17 Y
<0.001 <0.03 U <0.002 <0.03 U
<0.001 <0.03 U <0.002 <0.03 U
<0.002 <0.062 U <0.004 <0.06 U
<0.001 <0.03 U <0.002 <0.03 U
<0.001 <0.03 <0.002 <0.03 U
<0.001 <0.03 U <0.002 <0.03 U
(mg/kg) (ppm TOC) (mg/kg) (ppm TOC)
<0.020 <0.62 U <0.004 <0.06 U
<0.020 <0.62 U <0.004 <0.06 U
<0.047 <1.46 Y <0.004 <0.06 U
0.064 2.0 0.089 1.3

<0.020 <0.62 U <0.004 <0.06 U
<0.020 <0.62 U <0.004 <0.06 U
<0.020 <0.62 U <0.004 <0.06 U
0.064 2.0 0.089 1.3  

<5.7
<4.0

<5.6
<3.9

0.084
<0.029

(ug/L) (ug/L) 

<0.029
0.073 0.086

0.022

0.011

<0.020

<0.099
0.054
0.097

(mg/kg )

<0.020

14

0.055

(mg/kg )

<0.200
<0.020

<0.100
0.012

6803,400
82.7

47.7
6.73

51.30
19.33
7.03

91.2
3.22

<2.2

(mg/kg)(mg/kg)

68.0 55
0.9

10 10

(ug/kg)

<2.2

(ug/kg)

<2.2

<0.020

(mg/kg)

<0.020

(mg/kg)

131 134

6.4

(ug/kg)

0.7 0.6
106 94
0.74 1.0
27 66.0

61.8 59.0

10 10
0.7

<1.6

DMMU5

IJ-C5-S1

<0.200

<1.6

(ug/kg)

<1.6

<3.2<4.4

DMMU6

IJ-C6-S1
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Table 3-2   Subsurface Sediment Dioxin/Furan Results

Sample ID

Analysis TEF pg/g TEC pg/g TEC pg/g TEC pg/g TEC pg/g TEC pg/g TEC pg/g TEC

Dioxins-Furans (EPA 1613B) - pg/g
2,3,7,8-TCDD 1.0 < 1.7 0.85 1.0 J 1 1.1 J 1.1 1.4 J 1.4 1.4 J 1.4 1.4 J 1.4 < 0.77 0.385
1,2,3,7,8-PeCDD 1.0 < 3.2 1.6 < 4.9 2.45 5.7 J 5.7 < 3.6 1.8 5.8 J 5.8 5.4 J 5.4 < 0.89 0.445
1,2,3,4,7,8-HxCDD 0.1 7.5 J 0.75 9.6 J 0.96 10 J 1 5.9 J 0.59 10 J 1 7.1 J 0.71 < 0.88 0.044
1,2,3,6,7,8-HxCDD 0.1 28 2.8 32 3.2 35 3.5 27 2.7 41 4.1 39 3.9 < 0.99 0.0495
1,2,3,7,8,9-HxCDD 0.1 10 1 17 1.7 18 1.8 13 1.3 20 2 15 1.5 < 0.87 0.0435
1,2,3,4,6,7,8-HpCDD 0.01 670 6.7 830 8.3 820 8.2 880 8.8 950 9.5 1000 10 < 0.61 0.00305
OCDD 0.0001 5000 0.5 6000 0.6 6300 0.63 6200 0.62 6700 0.67 8300 E 0.83 6.6 J 0.00066
2,3,7,8-TCDF 0.1 9.3 0.93 12 1.2 15 1.5 9.3 0.93 13 1.3 8.2 0.82 < 0.96 0.048
1,2,3,7,8-PeCDF 0.05 < 2.9 0.0725 < 3.1 0.0775 < 3.7 0.0925 < 2.8 0.07 < 4.3 0.1075 4.8 J 0.24 < 0.57 0.01425
2,3,4,7,8-PeCDF 0.5 < 2.6 0.65 < 3.5 0.875 < 3.9 0.975 < 3.2 0.8 < 4.5 1.125 6.2 J 3.1 < 0.52 0.13
1,2,3,4,7,8-HxCDF 0.1 8.8 J 0.88 6.0 J 0.6 9.4 J 0.94 7.6 J 0.76 11 1.1 14 1.4 < 1.4 0.07
1,2,3,6,7,8-HxCDF 0.1 < 3.5 0.175 < 4.2 0.21 < 4.6 0.23 < 3.8 0.19 < 5.1 0.255 6.8 J 0.68 < 1.2 0.06
2,3,4,6,7,8-HxCDF 0.1 < 2.8 0.14 < 3.7 0.185 < 3.6 0.18 < 3 0.15 < 4 0.2 5.6 J 0.56 < 0.88 0.044
1,2,3,7,8,9-HxCDF 0.1 < 2.3 0.115 < 0.49 0.0245 < 0.75 0.0375 < 0.53 0.0265 < 0.66 0.033 < 0.64 0.032 < 0.85 0.0425
1,2,3,4,6,7,8-HpCDF 0.01 92 0.92 83 0.83 100 1 89 0.89 110 1.1 170 1.7 < 0.49 0.00245
1,2,3,4,7,8,9-HpCDF 0.01 6.0 J 0.06 5.9 J 0.059 6.50 J 0.065 5.5 J 0.055 7.6 J 0.076 8.90 J 0.089 < 0.60 0.003
OCDF 0.0001 260 0.026 230 0.023 270 0.027 240 0.024 310 0.031 390 0.039 < 1.1 0.000055
Total HpCDF 350 310 350 370 450 630 < 0.60
Total HpCDD 2200 3300 2900 4100 4400 4800 < 0.61
Total HxCDF 150 120 150 130 170 260 < 1.4
Total HxCDD 410 600 620 530 870 610 < 0.99
Total PeCDF 28 32 33.0 35 40 74 < 1.0
Total PeCDD 150 210 250 83 280 120 < 0.89
Total TCDD 120 150 160 46 160 76 < 0.77
Total TCDF 47 50 55 44 56 61 < 0.96
Total TEC 18.2 22.3 27.0 21.1 29.8 32.4 1.4

Notes: All results in pg/g.
TEF = Toxic Equivalency Factor
TEC = Toxic Equivalency Concentration
Total TEC is summed using detected TEC concentrations and half of the TEC of the detection limit, per DMMP recommendations.  
TEFs are from Van den Berg et al., 1998.  Toxic Equivalency Factors (TEFs) for PCBs, PCDDs, PCDFs for Humans and Wildlife.  Environmental Health Perspectives, 106:12 p 775-792, December.

(clean sand blank)(sediment composite)
IJ-B-S1IJ-C-S1 IJ-C6-S1

DMMU-5 DMMU-6
IJ-C3-S1 IJ-C4-S1
DMMU-3 DMMU-4A

IJ-C4-S2
DMMU-4B

IJ-C5-S1



Table 3-3   Summary of Subsurface Sediment Grain Size Data

Sample ID DMMU3 DMMU4A DMMU4B DMMU5 DMMU6
Sample Location IJ-C3-S1 IJ-C4-S1 IJ-C4-S2 IJ-C5-S1 IJ-C6-S1

Parameter Sample Date 6/15/2006 6/15/2006 6/12/2006 6/13/2006 6/13/2006

Conventionals - %
Total Solids (%) 72.4 36.1 48.4 57.5 48.5 47.7 51.3
Total Volatile Solids (%) 1.86 7.16 7.75 23.76 10.11 6.73 19.33
Total Organic Carbon (%) 1.29 1.87 2.98 7.08 2.45 3.22 7.03
Ammonia (mg-N/kg) 15.3 13.8 62.2 50.9 41.6 91.2 82.7
Total Sulfide (mg/kg) 76 J 180 J 2,000 160 310 3,400 680

Grain Size - %
Gravel <0.0100 <0.0100 2.1 1.1 5.1 2.83 9.9
Sand 81.5 8.20 15.50 29.5 43.8 23.17 33.1
Silt 11.3 57.9 47.1 39.3 30.5 43.8 33
Clay 7.2 33.9 35.4 30 20.8 30.17 24.1
Total Fines 18.5 91.8 82.5 69.3 51.3 74 57.1

Notes:
No criteria has been established for SMS or DMMP for conventionals or grain size.

REF-01 REF-02

6/14/2006
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Sample Location Replicate Initial Count Final Count Percent 
Survival Percent Mortality

A 20 19 95 5
B 20 20 100 0
C 20 17 85 15
D 20 18 90 10
E 20 18 90 10

Mean 18.4 92 8
A 20 18 90 10
B 20 20 100 0
C 20 19 95 5
D 20 19 95 5
E 20 19 95 5

Mean 19 95 5
A 20 19 95 5
B 20 19 95 5
C 20 19 95 5
D 20 18 90 10
E 20 18 90 10

Mean 18.6 93 7
A 20 15 75 25
B 20 16 80 20
C 20 15 75 25
D 20 18 90 10
E 20 17 85 15

Mean 16.2 81 19
A 20 18 90 10
B 20 17 85 15
C 20 17 85 15
D 20 19 95 5
E 20 18 90 10

Mean 17.8 89 11
A 20 17 85 15
B 20 17 85 15
C 20 19 95 5
D 20 16 80 20
E 20 16 80 20

Mean 17 85 15
A 20 16 80 20
B 20 14 70 30
C 20 16 80 20
D 20 17 85 15
E 20 16 80 20

Mean 15.8 79 21
A 20 17 85 15
B 20 18 90 10
C 20 18 90 10
D 20 17 85 15
E 20 15 75 25

Mean 17 85 15

Table 3-4  Summary of Subsurface Sediment Bioassay 10- Day 
Amphipod Testing (Eohaustorius estuarius )

DMMU-5

DMMU-6

Control-1

DMMU-4A

DMMU-4B

DMMU-3

IJW-RR-01

IJW-RR-02
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Sample 
Location Replicate Initial Count Final Count Percent 

Survival
Total Worm 
Weight (mg)

Average 
Weight Per 
Worm (mg)

Mean Individual 
Growth Rate 
(mg/ind/day)

A 5 5 100 160.1 32.0 1.55
B 5 5 100 55.3 11.1 0.50
C 5 5 100 159.9 32.0 1.55
D 5 5 100 134.8 27.0 1.29
E 5 5 100 125.2 25.0 1.20

Mean 100 127.05 25.41 1.22
A 5 5 100 98.5 19.7 0.93
B 5 5 100 117.7 23.5 1.12
C 5 5 100 117.4 23.5 1.12
D 5 5 100 100.9 20.2 0.96
E 5 5 100 103.5 20.7 0.98

Mean 100 107.58 21.52 1.02
A 5 5 100 79.4 15.9 0.74
B 5 5 100 113.1 22.6 1.08
C 5 5 100 99.0 19.8 0.94
D 5 5 100 104.5 20.9 0.99
E 5 5 100 92.3 18.5 0.87

Mean 100 97.65 19.53 0.92
A 5 5 100 89.1 17.8 0.84
B 5 5 100 58.3 11.7 0.53
C 5 5 100 119.3 23.9 1.14
D 5 5 100 105.5 21.1 1.00
E 5 5 100 109.4 21.9 1.04

Mean 100 96.32 19.26 0.91
A 5 5 100 93.3 18.7 0.88
B 5 5 100 97.3 19.5 0.92
C 5 5 100 133.9 26.8 1.29
D 5 5 100 83.4 16.7 0.78
E 5 5 100 102.4 20.5 0.97

Mean 100 102.08 20.42 0.97
A 5 5 100 101.7 20.3 0.96
B 5 5 100 87.6 17.5 0.82
C 5 5 100 110.4 22.1 1.05
D 5 5 100 112.8 22.6 1.07
E 5 5 100 111.7 22.3 1.06

Mean 100 104.84 20.97 1.00
A 5 5 100 64.3 12.9 0.59
B 5 5 100 82.3 16.5 0.77
C 5 5 100 70.1 14.0 0.65
D 5 5 100 63.6 12.7 0.58
E 5 5 100 23.4 4.7 0.18

Mean 100 60.71 12.14 0.55
A 5 5 100 85.6 17.1 0.80
B 5 5 100 54.3 10.9 0.49
C 5 5 100 75.6 15.1 0.70
D 5 5 100 65.3 13.1 0.60
E 5 3 60 46.2 15.4 0.72

Mean 92 65.41 14.31 0.66

Note:
  Initial worm weight average 1.07 mg.

DMMU-4A

DMMU-4B

DMMU-5

DMMU-6

Table 3-5  Summary of Subsurface Sediment Bioassay 20-Day Growth Juvenile Polychaete 
Testing (Neanthes arenaceodentata )

Control-1

DMMU-3

IJW-RR-01

IJW-RR-02
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Initial Number of Number Number Total
Embryos, T=0 Normal Abnormal Number

A 213 201 4 205 0.94
B 213 254 3 257 1.19
C 213 201 3 204 0.94
D 213 227 5 232 1.07
E 213 200 5 205 0.94

Mean 213 217 4 221 1.02

Number Number Total
Normal Abnormal Number

A 183 8 191 0.84
B 165 6 171 0.76
C 187 10 197 0.86
D 182 9 191 0.84
E 194 7 201 0.90

Mean 182.2 8 190 0.84

Number Number Total
Normal Abnormal Number

A 196 8 204 0.90
B 208 12 220 0.96
C 132 8 140 0.61
D 217 14 231 1.00
E 168 6 174 0.78

Mean 184 10 194 0.85

Number Number Total
Normal Abnormal Number

A 141 17 158 0.77 0.65
B 107 12 119 0.59 0.49
C 128 11 139 0.70 0.59
D 83 12 95 0.46 0.38
E 116 8 124 0.64 0.54

Mean 115 0.63 0.53
A 146 11 157 0.80 0.67
B 138 7 145 0.76 0.64
C 156 8 164 0.86 0.72
D 165 15 180 0.91 0.76
E 97 5 102 0.53 0.45

Mean 140 0.77 0.65
A 159 10 169 0.87 0.73
B 125 8 133 0.69 0.58
C 148 5 153 0.81 0.68
D 181 6 187 0.99 0.84
E 186 8 194 1.02 0.86

Mean 160 0.88 0.74
A 103 14 117 0.57 0.48
B 101 16 117 0.55 0.47
C 98 7 105 0.54 0.45
D 163 9 172 0.89 0.75
E 110 11 121 0.60 0.51

Mean 115 0.63 0.53
A 126 12 138 0.69 0.58
B 176 7 183 0.97 0.81
C 161 9 170 0.88 0.74
D 138 6 144 0.76 0.64
E 138 13 151 0.76 0.64

Mean 148 0.81 0.68

Notes:  
Replicates were run using standard method
N = normal counts
Subscripts: R = reference sediment, C = negative control

DMMU-6

Reference 
(RR-02)

DMMU-4B

Site
Mean Normal 

Survival (NT/NC)

Site

DMMU-5

Replicate

NC/Mean Initial

Replicate NR2/NC

Reference 
(RR-01)

Table 3-6  Summary of Subsurface Sediment Bioassay Larval Normality 
Testing (Dendraster excentricus )

DMMU-3

DMMU-4A

Mean Normal 
Survival (NT/NR1)

Site Replicate

Sea Water 
Control

Site Replicate NR1/NC
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Table 3-7  DMMP Bioassay Evaluation Guidelines

1-hit Rule 2-hit Rule 1-hit Rule 2-hit Rule

MT - MR > 10% NOCN MT - MR > 30% NOCN

NR/NC - NT/NC > 0.15 NOCN NR/NC - NT/NC > 0.30 NOCN

MC ≤ 10% MR ≤ 20%

and and
MIGC ≥ 0.38 'MIGR ÷ MIGC ≥ 0.80

MIGT/MIGR < 0.70 NOCN MIGT/MIGR < 0.50 MIGT/MIGR < 0.70

Notes:
I - Initial count
M - Mortality
MIG - Mean individual growth rate
N - Normals
NOCN - No other conditions necessary
SD - Statistically different
Subscripts:

C - Negative control
R - Reference sediment
T - Test sediment

Bioassay

Negative 
Control 

Performance 
Standard

Reference Sediment 
Performance Standard 

Amphipod MC ≤ 10% MR - MC ≤ 20%

Dispersive Disposal Site 
Interpretation Guidelines

Nondispersive Disposal Site 
Interpretation Guidelines

MT - MC > 20%

and

MT - MC > 20%
and

MT vs MR SD (p = 0.05)
and

NT ÷ NC < 0.80

and

MT vs MR SD (p = 0.05)

and

Neanthes  growth

NT/NC vs NR/NC SD (p = 0.10)

and

NT ÷ NC < 0.80
and

NT/NC vs NR/NC SD (p = 0.10)
and

NR ÷ NC ≥ 0.65NC ÷ I ≥ 0.70Larval

MIGT ÷ MIGC < 0.80

and
MIGT vs MIGR  SD (p = 0.05)

and

MIGT ÷ MIGC  < 0.80
and

MIGT vs MIGR  SD (p = 0.05)
and
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DMMU-3 DMMU-4A DMMU-4B DMMU-5 DMMU-6

Amphipod Survival Test
MT-MC 11% 3% 7% 13% 7%

MT-MC > 20%? No No No No No
MT-MR1 14% 6% 10% 16% 10%

MT-MR1 > 10%? - - - - -
MT-MR1 > 30%? - - - - -
Statistically different 
from reference? - - - - -

Dispersive Result Pass Pass Pass Pass Pass
Nondispersive Result Pass Pass Pass Pass Pass

Juvenile Polychaete Growth Test
MIGT ÷ MIGC 0.75 0.79 0.82 0.45 0.54

MIGT ÷ MIGC < 0.80? Yes Yes No Yes Yes
MIGT ÷ MIGR1 0.89 0.95 0.97 0.54 0.65

MIGT ÷ MIGR1 < 0.70? No No - Yes Yes
MIGT ÷ MIGR1 < 0.50? No No - No No
Statistically different 
from reference? No No - Yes Yes

Dispersive Result Pass Pass Pass 1-hit Failure 1-hit Failure
Nondispersive Result Pass Pass Pass 2-hit Failure 2-hit Failure

Larval Development Test
NT ÷ NC 0.53 0.65 0.74 0.53 0.68

NT ÷ NC < 0.80? Yes Yes Yes Yes Yes
NR1/NC - NT/NC 0.31 0.19 0.10 0.31 0.16

NR1/NC - NT/NC > 0.15? Yes Yes No Yes Yes
NR1/NC - NT/NC > 0.30? Yes No No Yes No
Statistically different 
from reference? Yes Yes No Yes Yes

Dispersive Result 1-hit Failure 1-hit Failure Pass 1-hit Failure 1-hit Failure
Nondispersive Result 1-hit Failure 2-hit Failure Pass 1-hit Failure 2-hit Failure

Notes:
All samples are compared to reference sample IJW-RR-02.
M = mortality
MIG = mean individual growth rate (mg/individual/day)
N = normals
Subscripts: R = reference sediment, C = negative control, T = test sediment

Table 3-8  Evaluation of Subsurface Sediment Bioassay Test Results



Dispersive Non-Dispersive
Site Site

DMMU-3 Fail Fail

DMMU-4A Fail Pass*

DMMU-4B Pass* Pass*

DMMU-5 Fail Fail

DMMU-6 Fail Fail

Notes:
* Addresses bioassay results, but does not address 
unresolved dioxin issue.

Table 3-9  I&J Waterway Subsurface Sediment Bioassay 
Test Interpretations
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