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Organism-Sediment Index

The OSI is a numerical index from -10 to +1 1, which provides a measure of general benthic habitat quality
based on dissolved oxygen conditions, depth of the apparent RPD, infaunal successional stage, and presence
or absence of sedimentary methane (Rhoads and Germano, 1986). The lowest value is assigned to an area
with low or no dissolved oxygen in the overlying bottom water, no apparent macrofaunal life, and the
presence of methane gas in the sediment. The highest value is given to an aerobic bottom with a deep
apparent RPD, evidence of a mature macrofaunal assemblage, and no methane gas bubbles. OSI values
greater than or equal to +6 are generally considered to represent healthy or undisturbed benthic habitat

quality.

Relatively high OSI values were measured in all areas of the Anderson/Ketron site. Mean OSI values at the
Anderson/Ketron disposal site ranged from +5.67 to +10.32, with a major mode of +9 (Figure 4-12). Only
station AKBO6, located north of the disposal site in the coarse grained ambient sediments, had an OSI less
than +6. Stations showing the presence of historic dredged material (AKZ01 and AKC03) had mean OSI
values of 8.67 and 7.67, respectively.

4.2  Sediment Chemistry

Sediment chemistry sampling locations for the 2005 full monitoring program at Anderson/Ketron included
three onsite (AKZ01, AKS03, AKS10), four perimeter (AKPO1, AKP02, AKP03, AKP04), three transect
(AKTO1, AKT02, AKTO03), three benchmark (AKB02, AKB03, AKBO07) stations. Two reference (CR-
23W and CR-24) stations from Carr Inlet were also sampled. The onsite, perimeter, and benchmark station
sediment samples were analyzed for the DMMP conventionals and chemicals of concern, including
tributyltin, and the BCOCs, lists 1 and 2. The transect station samples were analyzed for grain size and
TOC to assist with the interpretation of the benthic infauna analysis results. The reference samples were
analyzed for the DMMP conventionals in support of the toxicity testing.

The Quality Assurance Level 1 (QA1) independent data review of sediment chemistry results was
conducted by Herrera Environmental Consultants of Seattle, WA. The QA review demonstrated that the
data are of generally high quality, and suitable for use (as qualified) in addressing the PSDDA monitoring
questions and hypotheses. Summary tables of the sediment chemistry analytical results for each sampling
location are provided in Appendix D. Results are compared to the DMMP sediment screen level/maximum
level (SL/ML) list, Washington State Sediment Management Standards (SMS)/Sediment Quality Standards
(SQS), and bioaccumulation triggers (BT), where appropriate. The data quality summary, QA1 checklists,
and analytical laboratory data reports are found in Appendix E.

4.2.1 Conventional Parametets

Sediment conventional parameters summary statistics are presented in Table 4-1. Conventional parameters
for onsite, perimeter, transect, and baseline stations were generally consistent among station types, with the
exception of grain size and sulfides. The site-wide average for percent fines was 43.4%, ranging from a low
of 15.6% at station AKBO7 to a high of 70.5% at station AKS10. Benchmark stations consistently had the
lowest percent fines of all stations (15.6 to 30.3 % fines). Conversely, all replicate samples from the north
and south perimeter stations (AKPO1 and AKP03 located along the central site axis) consistently had the
highest percent fines compared to the site-wide average (52.6 to 54.9% and 58.8 to 59.5%, respectively).
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bis(2-ethylhexyl)phthalate detected at low concentrations at stations AKB02, AKPO1, AKP03, and AKP04.
HPAH compounds fluoranthene and pyrene were detected at low concentrations at all perimeter and onsite
stations, with estimated concentrations of fluoranthene at two benchmark stations and pyrene at one
benchmark station. Chrysene, benzofluoranthenes, and benzo(a)pyrene were detected at low levels at most
perimeter stations, with a low concentration of chrysene also detected at onsite station AKS03. LPAH
compounds anthracene and phenanthrene were detected at stations AKP03 and AKP04, with phenanthrene
also detected at AKS03. Miscellaneous extractables and phenol compounds were not detected, with the
exception of benzoic acid detected at AKPO1 and AKZ01, and phenol also detected at AKZO1.

Detection limits for all organic compounds were below DMMP screening levels and all detected compounds
were below their respective DMMP and SMS chemical criteria. However, hexachlorobenzene, which was
undetected in all samples, had several TOC-normalized values that exceeded the Washington State SQS
chemical criteria. Since acceptably low detection limits were achieved for this compound (6.0 pg/kg DW),
the reason for exceeding the SQS is due in part to the low concentrations of TOC at these stations (0.52 to
1.53 % DW)

For comparison, a summary of sediment chemistry data from the 1989 baseline study at Anderson/Ketron is
provided in Table 4-5. All organic compounds detected in 2005, with the exception of di-n-butylphthalate
and phenol, were also detected in 1989 at trace levels at the perimeter, benchmark, and onsite stations.
Chemical concentrations were found at similarly low levels during both surveys, with the exception of
benzoic acid. In 2005, benzoic acid was detected in two sample replicates at 230 png/kg (AKZ01) and 280
pg/kg (AKPO1-B). In 1989, station AKP04 has a maximum benzoic acid concentration of 28 pg/kg. These
concentrations are below the DMMP SL of 650 pg/kg.

4.2.4 Bioaccumulative Contaminants of Concern (BCOCs)

The 2005 Anderson/Ketron site monitoring included sediment analysis for List 1 (primary list of BCOCs;
required for analysis) and List 2 (candidate list of BCOCs; strong concern and priority for study) chemicals.
A summary of detected BCOCs in Anderson/Ketron sediments is provided in Table 4-6. The sediment
chemistry results of the BCOC analysis and a comparison to the DMMP bioaccumulation triggers (BTs) for
List 1 contaminants are presented in Appendix D. BTs for comparison to List 2 BCOCs have not yet been
developed.

BCOCs detected in sediment samples included metals and HPAHs (Lists 1 and 2), and butyltins in
porewater. All List 1 metals were present at low levels below the BT concentrations. Hexavalent
chromium, a List 2 metal, was detected at 0.185 mg/kg at benchmark station AKBO7. List | HPAH
compounds fluoranthene and pyrene were detected at low concentrations at all perimeter and onsite stations,
with traces of fluoranthene at two benchmark stations and pyrene at one benchmark station.

Benzo(e)pyrene and perylene (List 2 HPAHs) were only detected at perimeter station AKPO3. Pesticides,
phenols, and halogenated compounds were not detected in any samples. Detected concentrations and
detection limits of all List | BCOCs were below their respective BT values.

4.2.5 Field Variability

An acceptability criterion of 50% relative standard deviations (RSD) between replicates collected at the
sampling locations was used for each parameter. The majority of field variability results were acceptable,
with exceptions summarized in Table 4-7. The most frequent and highest RSD values above 50% occurred
at station AKP04. As can be expected, the most frequent and highest RSD values were observed for percent

gravel.
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4.4 Bioassays

DMMP bioassay testing was conducted on three onsite station sediments (AKZ01, AKS03, and AKS10).
The sediment bioassays included the 10-day acute amphipod test using Eohaustorius estuarius, the
sediment larval test using Mytilus galloprovincialis, and the 20-day Neanthes mean growth test. The
complete bioassay reports and quality assurance review are provided in Appendix F. Each of the bioassay
tests were conducted within the 8-week holding time and data quality was acceptable for all three tests.

In addition, a confirmatory retest of the Neanthes bioassay was conducted beyond the 8-week holding
time as described below.

Results of the bioassay tests are summarized in Table 4-9. For the amphipod test, mortality was less than
or equal to 10 percent for all samples, and the mean ranged from 1.0 (AKZO01) to 4.0 percent (AKS03) at
the onsite stations. All samples passed the DMMP nondispersive guidelines for the amphipod test.

For the Neanthes mean growth test, the reference sediments failed the DMMP performance standards.
Reference sediment CR-23W had a mean survival rate of 76 percent that failed to meet the performance
standard of 80 percent, and the reference growth/control growth ratio for CR-24 was 0.79, which was just
below the 0.80 standard. The negative control had 100 percent survival and mean growth rates were
within performance standards. Therefore, as a conservative alternative, the negative control was used for
test interpretation. The mean growth rate was 0.92 mg/indiv/day for AKZ01 and AKS03, and 1.04
mg/indiv/day for AKS10. Growth rates were comparable to the control and all samples passed the non-
dispersive guidelines. Due to unusually high Neanthes mortality rates for sample AKS10 (3 of §
replicates produces no surviving worms), the DMMP decided to conduct a confirmatory retest of the
sample after the 8-week holding period. The retest of sample AKS10 resulted in no mortality, acceptable
control and reference performance, and an acceptable mean growth rate (Table 4-9).

For the larval test, normalized combined mortality/abnormality (NCMA) ranged from a minimum of 15.8
percent at AKS10 to a maximum of 27.6 percent at AKZ01. The NCMA was acceptable for AKS03 and
AKSI10 and passed the non-dispersive guidelines. Station AKZ01 had a two-hit failure for the sediment
larval test, resulting from a normals comparison between the test and control of 0.72, below the 0.80
guideline criteria. The difference between the test and reference was statistically significant (p=0.10), but
the difference in ratios between the reference and test was below the 0.30 criteria (0.11), so only the two-
hit failure applies. A confirmatory response is not indicated because the amphipod and Neanthes tests
passed for AKZQO1. Therefore, the larval test for AKZO1 passed the non-dispersive guidelines.

In summary, the amphipod test had acceptable morality rates, below or equal to 10% for all samples. The
NCMA results for the sediment larval test were acceptable for AKS03 and AKS10. A two-hit failure
occurred for the larval test at AKZ01, but was not corroborated by the other bioassay tests. The Neanthes
test had acceptable growth rates for all samples and elevated mortalities at AKS 10 were not of concern,
based on the results of the retest. DMMP bioassay evaluation guidelines were not exceeded for any of the
bioassays.
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Table 4-10. Benthic community summary statistics for stations at the Anderson Ketron Island

disposal site in 2005.
Station AKTO1
Replicate A B C D E Pooled Mean  Standard Dev
Total Abundance 83 116 86 97 129 511 102.2 19.791
Miscellaneous Abundance 4 4 9 4 6 27 54 2.191
Mollusca Abundance 22 70 20 37 51 200 40.0 20.940
Arthropoda Abundance 12 12 9 7 14 54 10.8 2.775
Annelida Abundance 45 30 48 49 58 230 46.0 10.173
Total Number of Taxa 22 26 25 35 28 136 27.2 4.868
Miscellaneous No. of Taxa 3 2 5 3 3 16 3.2 1.095
Mollusca No. of Taxa 4 7 4 10 5 30 6.0 2.550
Arthropoda No. Of Taxa 3 5 4 4 4 20 4.0 0.707
Annelida No. of Taxa 12 12 12 18 16 70 14.0 2.828
Shannon-Wiener Diversity 2.278 2.288 2.598 2.761 2.486 NA 248 0.207
Pielou Eveness Index 0.737 0.702 0.807 0.777 0.746 NA 0.75 0.040
Swartz Dominance Index 6 8 14 16 8 NA 10.4 3.878
Station AKTO02
Taxa Group A B C D E Pooled Mean  Standard Dev
Total Abundance 159 91 113 91 87 541 108.2 30.186
Miscellaneous Abundance 11 4 6 11 7 39 7.8 3.114
Mollusca Abundance 57 21 42 33 21 174 34.8 15.238
Arthropoda Abundance 32 12 19 9 10 82 16.4 9.555
Annelida Abundance 59 54 46 38 49 246 49.2 7.981
Total Number of Taxa 31 29 35 32 27 154 30.8 3.033
Miscellaneous No. of Taxa 6 4 3 7 5 25 5.0 1.581
Mollusca No. of Taxa 5 6 6 5 6 28 5.6 0.548
Arthropoda No. Of Taxa 4 4 5 3 3 19 38 0.837
Annelida No. of Taxa 16 15 21 17 13 82 16.4 2.966
Shannon-Wiener Diversity 2.802 2.669 2.847 2.930 2.691 NA 2.79 0.109
Pielou Eveness Index 0.816 0.793 0.801 0.845 0.817 NA 0.81 0.020
Swartz Dominance Index 12 11 12 13 9 NA 11.4 1.356
Station AKTO03
Taxa Group A B C D E Pooled Mean  Standard Dev
Total Abundance 113 83 95 136 100 527 105.4 20.206
Miscellaneous Abundance 7 5 7 9 12 40 8.0 2.646
Mollusca Abundance 29 22 11 63 14 139 27.8 20.897
Arthropoda Abundance 14 9 31 18 21 93 18.6 8.264
Annelida Abundance 63 47 46 46 53 255 51.0 7.314
Total Number of Taxa 33 34 36 36 37 176 35.2 1.643
Miscellaneous No. of Taxa S 2 3 5 7 22 4.4 1.949
Mollusca No. of Taxa 4 8 7 7 6 32 6.4 1.517
Arthropoda No. Of Taxa 4 3 5 4 4 20 4.0 0.707
Annelida No. of Taxa 20 21 21 20 20 102 204 0.548
Shannon-Wiener Diversity 2.885 3.137 3.223 2.607 3.049 NA 298 0.243
Pielou Eveness Index 0.825 (.889 0.899 0.727 0.844 NA 0.84 0.069
Swartz Dominance Index 7 14 16 10 14 NA 12.2 3.250
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Table 4-12. Biomass data for stations sampled at the Anderson/Ketron Island disposal site in 2005

(weight in grams).

Station AKTO1
Replicate A B C D E Pooled Mean Standard Dev.
Total Biomass 23397 22267 3.9857 3.6198 3.0961 15.2680 3.0536 0.7721
Miscellaneous Biomass  0.0976  0.0657 0.0934 0.1757 0.0241 0.4565 0.0913 0.0555
Mollusca Biomass 0.0480 0.0951 0.0950 0.3097 0.0747 0.6225 0.1245 0.1053
Arthropoda Biomass 0.0903 0.0229 0.7788 0.0344 0.0912 1.0176 0.2035 0.3231
Annelida Biomass 2.1038 2.0430 3.0185 3.1000 2.9061 13.1714 2.6343 0.5171
Station AKT02
Replicate A B C D E Pooled Mean  Standard Dev.
Total Biomass 33171 10.1098 8.9907 1.7924 2.4354 26.6454 91 39113
Miscellaneous Biomass  0.0438 8.0431 5.1966 0.1577 0.0194 13.46 3.7244
Mollusca Biomass 0.1857 0.5877 1.6516 0.6901 0.0564 3.1715 0632 \ 0.6276
Arthropoda Biomass 0.2030 0.1931 0.0711 0.0152 0.0584 0.5408 0.1082 0.0847
Annelida Biomass 2.8846 .~ 1.2859 2.0714 09294 23012 94725 1.8945 \ 0.7872
Station AKTO03
Replicate A B C D E Pooled Mean S\andard Dev.
Total Biomass 45523 53404 4.8858 1.4979 4.1312 204076 4.0815 1.5109
Miscellaneous Biomass  0.7117 29016 0.0595 0.0625 0.0926 3.8279 0.7656 1.2259
Mollusca Biomass 0.0669 0.1887 0.1585 0.1698 0.1739 0.7578 0.1516 0.0485
Arthropoda Biomass 0.2584 0.1268 0.5824 0.0431 0.1973 1.2080 0.2416 0.2067

3.5153 2.1233 40854 1.2225 3.6674 14.6139 29228 1.2028

Annelida Biomass
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50 EVALUATION OF THE MONITORING DATA

This section evaluates the 2005 environmental monitoring data collected at Anderson/Ketron using the
PSDDA interpretive guidelines described in Section 2.0. The evaluation is organized according to the
questions and hypotheses of the PSDDA monitoring framework.

5.1  Question 1: Does the Dredged Material Stay Onsite?

5.1.1 SVPS Results
Hypothesis No. 1: Dredged material remains within the disposal site boundary.

The 2005 SVPS survey at the Anderson/Ketron site did not identify the presence of dredged material
beyond the disposal site perimeter that exceeded the 3 cm DMMP interpretive criteria. Under the
monitoring framework for non-dispersive dredged material disposal sites, PSDDA Hypothesis No. 1 is
accepted (i.e., dredged material remains within the disposal site boundary).

5.1.2 Perimeter Chemistry

Hypothesis No. 2: Chemical concentrations at offsite stations do not measurably increase over time due to
dredged material disposal.

A review of the 2005 perimeter station chemistry found that all detected chemicals were well below the
Washington State SQS criteria. In addition, the detection limits for all undetected compounds were below
the DMMP SLs and SQS criteria, with the exception of hexachlorobenzene. The detection limit for
hexachlorobenzene had several TOC-normalized values that exceeded the SQS chemical criteria. However,
since this chlorinated aromatic compound was undetected and the detection limits were below the DMMP
SLs, the results are not considered significant. The 2004 partial monitoring in Commencement Bay also
found undetected hexachlorobenzene values that exceeded the SQS criteria, due to low TOC concentrations
in Commencement Bay perimeter sediments (SAIC, 2004).

A statistical time-trends analysis was not conducted because the 2005 full monitoring survey is the first
monitoring event at the Anderson/Ketron site. Therefore, based on the comparison of perimeter chemistry
results to the SQS criteria, PSDDA Hypothesis No. 2 is accepted (i.e., chemical concentrations do not
increase over time at offsite stations).

5.2  Question 2: Has dredged material disposal caused the biological effects condition
for site management to be exceeded at the site [Site Condition II (PSDDA, 1988)]?

5.2.1 Onsite Chemistry

Hypothesis No. 3: Sediment chemical concentrations at the onsite monitoring stations do not exceed
chemical concentrations associated with PSDDA Site Condition Il guidelines due to dredged material
disposal.

PSDDA Site Condition Il is evaluated by comparing onsite chemical concentrations to the DMMP
maximum levels (MLs). DMMP MLs are chemical concentrations above which adverse biological effects
are expected to occur. Onsite chemistry results did not exceed the DMMP ML values. Therefore, PSDDA
Hypothesis No. 3 is accepted.
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