
CENPS-OP-TS 

MEMORANDUM FOR RECORD MARCH 17, 1997 

SUBJECT: DETERMINATION OF THE SUITABILITY OF DREDGED MATERIAL TESTED UNDER 
PSDDA EVALUATION PROCEDURES FOR THE PORT OF SEATTLE TERMINAL 18 DREDGING 
PROJECT (95-02133) FOR DISPOSAL AT THE ELLIOTT BAY OPEN-WATER SITE. 

1. The Port of Seattle proposes to dredge 546,430 cubic yards of material from East 
Waterway, adjacent to Harbor Island, for improved access to Terminal 18. The 
following summary reflects the PSDDA agencies' (Corps of Engineers, Environmental 
Protection Agency, Department of Ecology and Department of Natural Resources) 
consensus determination of the suitability of the proposed dredged material for 
disposal at the Elliott Bay nondispersive open-water site. 

2. A chronology of documentation and correspondence relevant to this determination 
is contained in Attachment 1. 

3. Dredging projects in the lower Duwamish/Elliott Bay area are ranked "high" by 
PSDDA [1, page A-1 O]. However, the Port of Seattle provided sufficient historical data 
to allow a downranking by the PSDDA agencies of the subsurface sediments (>4 feet) 
to a "moderate" ranking. The surface sediment remained high-ranked. 

4. Sampling and testing were conducted in two phases. Phase 1 included standard 
PSDDA chemical and biological testing of 86 dredged material management units 
(DMMUs). In Phase 2, bioaccumulation testing was conducted for 9 of these DMMUs. 
In addition, three of the original subsurface composite DMMUs were broken into a total 
of 13 smaller DMMUs and each of these new DMMUs was subjected to standard 
chemical and biological testing in Phase 2. Attachments 2 and 3 show the DMMUs 
tested in Phases 1 and 2 respectively. All DMMUs, in both phases, were subjected to 
concurrent chemical and biological testing. Attachment 4 summarizes the chemical 
and biological results for both Phase 1 and Phase 2. The following sections provide 
additional details for the two phases of testing. 

Phase 1 

5. A total of 86 DMMUs were evaluated (87 DMMUs were proposed in the sampling 
plan but DMMU 1 C01 was eliminated because no sediment was found above the 
design depth of -51 ft MLLW during sampling). The surface sediment (<4 feet) volume 
totaled 304,670 cubic yards and was represented by 76 DMMUs. The subsurface 
sediment (>4 feet) was divided into 1 O DMMUs, representing 241,760 cubic yards. 
See Attachment 2 for individual DMMU volumes. 



Chemical Testing: 

6. Chemical testing resulted in at least one exceedance of the 1996 PSDDA screening 
levels (SLs) for all but one of the 86 DMMUs (see Attachment 4); 3C06 was the only 
DMMU without an SL exceedance. Forty-three DMMUs exceeded at least one 
bioaccumulation trigger (BT) and 24 DMMUs exceeded at least one maximum level 
(ML). The BT and ML exceedances are summarized in Attachments 5 and 6 
respectively. Of the DMMUs exceeding ML, 16 DMMUs exceeded an ML by a factor of 
two and/or had more than one ML exceedance. Under the PSDDA evaluation 
guidelines, these 16 DMMUs can only be considered for open-water disposal if the 
"dredger's option" is invoked [2, page 5-12]. In addition to standard biological testing, 
the "dredger's option" entails more extensive sediment evaluation procedures, the 
requirements for which are to be determined by the PSDDA agencies on a case-by­
case basis. 

7. The PSDDA evaluation guidelines for tributyltin (TBT) were in a state of flux during 
Phase 1 of this project. At the time of SAP development, PSDDA required bulk 
sediment testing for TBT in areas of concern such as East Waterway [1 ]. The SL and 
BT had been established at 30 and 219 ug/kg TBT (as tin) respectively, which are 
equivalent to 73 and 533 ug/kg TBT (as TBT) . However, at the same time, an 
interagency workgroup was in the process of developing guidance for use by EPA 
Region X in the evaluation of TBT at Superfund sites [3]. Based on this work, the 
PSDDA agencies proposed revised guidelines [4] which included porewater testing to 
better determine the bioavailable fraction of TBT. 

Under the revised guidelines, an exceedance of 0.15 ug/I TBT (as TBT) in the 
interstitial water would trigger bioaccumulation testing. Because the Port of Seattle 
had already conducted bulk sediment testing for TBT on all Phase 1 DMMUs, a 
compromise was reached between the Port and PSDDA agencies which called for 
calculation of theoretical porewater concentrations using a relationship developed by 
National Marine Fisheries Service [5]: 

interstitial TBT (ug I l) = 
( 

sediment TBT (ug I kg dry weight) ) 

sediment TOC content (decimal fraction) 

25,000 liters I kgoc 

For example: 

if dry weight TBT = 125 ug I kg (as TBT) 

and TOC = 2 percent 

(
125 ug TBT I kgs.,.i) 

0.02 kooc / koscd 
then interstitial TBT = 0 0 = .25 ug I I (as TBT) 

25,000 liters I kgoc 
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Attachment ?a shows the results of this calculation for each of the DMMUs in Phase 1. 
The Port of Seattle agreed to conduct porewater testing on archived sediment for those 
DMMUs whose calculated interstitial TBT concentrations exceeded 0.15 ug/i-(as TBT). 
However, due to a communication problem between Battelle Northwest (the testing 
lab) and EVS Consultants, the sediment concentrations used in these calculations 
were expressed on an "as tin" basis rather than "as TBT". As a result, only fifteen 
DMMUs were extracted for porewater and tested for TBT. Only two of the fifteen 
DMMUs (1 C04 and 1 COS) exceeded 0.15 ug/1 (as TBT) and required bioaccumulation 
testing for TBT. · 

The fact that sediment concentrations used in the calculations had been expressed on 
an "as tin" basis was not detected until agency review of the data report. The PSDDA 
agencies conducted a worst-case analysis of the 21 DMMUs which should have been 
subjected to porewater extraction, but which were not due to the reporting error, and 
determined that the probability of any of these sediments resulting in adverse 
bioaccumulation was low. Therefore no further action was taken. See Attachment 7b 
for details of this analysis. 

Biological Testing: 

8. Concurrent biological testing was conducted for all 86 DMMUs. The amphipod 1 O­
day acute toxicity test, sediment larval combined mortality and abnormality test and the 
Neanthes 20-day biomass test were run. PSDDA interpretation guidelines [1 ], as 
modified by changes made through the annual review process, were used to evaluate 
the bioassay data. Attachment 4 summarizes the results from all bioassays. 

9. Reference sediments for all bioassays were collected from Wes·t Beach (Whidbey 
Island), Cape George and Sequim Bay. Cape George had not previously been used in 
the PSDDA program and the agencies required that it be analyzed for the full suite of 
PSDDA chemicals-of-concern. The Port of Seattle elected to conduct chemical testing 
for both Cape George and Sequim Bay sediments. The results are shown in 
Attachment 4. 

Matchups between DMMUs and references for statistical comparisons were based on 
the fines-content of the sediment (<62.5 microns). Attachment 8 shows grain-size 
matches for all Phase 1 DMMUs. Because reference sediment performance problems 
were encountered, both the primary (preferred) reference and a secondary reference 
are shown. In those cases where the primary reference failed to meet the performance 
standard, the secondary reference was used for statistical comparisons. 

10. For the amphipod test, the PSDDA agencies required the use of Eohaustorius on 
the basis of data from the National Marine Fisheries Service indicating a greater 
sensitivity of this genus to environmental TBT than other amphipod genera [6]. The 
Port of Seattle elected to use Eohaustorius estuarius collected from Beaver Creek, 
Oregon. The negative control sediment was collected at this same location. 
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The Port of Seattle expressed concern regarding potential ammonia toxicity and 
proposed reducing ammonia concentrations to nontoxic levels prior to testing_ using a 
purging protocol recommended by EPA and the Corps of Engineers [7]. The PSDDA 
agencies agreed to this procedure. 

A threshold of 1 S mg/I (porewater) was used to determine which DMMUs required 
ammonia adjustment. In each of five amphipod batches, some DMMUs exceeded this 
threshold while others did not. Therefore, each batch was split into two sub-batches, 
one sub-batch requiring ammonia reduction, the other sub-batch not requiring it. For 
DMMUs exceeding the ammonia threshold, replacement of two volumes of water per 
day and constant aeration were used to reduce the concentrations. Periodic 
monitoring of interstitial ammonia levels provided the feedback required to determine 
when to terminate the purging process and initiate the bioassay. Attachment 9 
differentiates among sub-batches and includes ammonia concentrations for all 
DMMUs. 

Results for the Phase 1 amphipod tests are shown in Attachment 10. The results 
included 2S DMMUs with hits under the 2-hit rule and 30 DMMUs with hits under the 1-
hit rule. The other 31 DMMUs did not score amphipod hits. Hits are also shown in 
Attachment 9. Of the 69 DMMUs which were purged, 49 exhibited amphipod hits, with 
23 hits under the two-hit rule and 26 hits under the one-hit rule. 

The Sequim Bay reference sediment failed to meet the performance standard in batch 
1 b, while the Cape George reference failed to meet the standard in batches 2a, 4a and 
Sa. In all cases where the primary reference failed to meet the performance standard, 
the secondary reference was used for bioassay interpretation. The fines content of 
DMMU 1 C34 (38.8%) in batch Sa was nearly equivalent to the mean fines content of 
the West Beach and Sequim Bay references (39.9%). Therefore, 1 C34 was compared 
to both, resulting in a hit under the one-hit rule when compared to West Beach but no 
hit when compared to Sequim Bay. Using best professional judgment, the agencies 
assigned a hit under the two-hit rule to 1 C34. 

11. For the sediment larval test, the Port of Seattle elected to use Mytilus 
galloprovincialis, collected at Long Beach, California. Ammonia purging was not 
conducted. Results for the Phase 1 sediment larval tests are shown in Attachment 11. 
The negative seawater control and reference sediments met performance standards in 
all three batches that were run. The results included 14 DMMUs with hits under the 2-
hit rule and 23 DMMUs with hits under the 1-hit rule. The other 49 DMMUs did not 
score larval hits. 

12. The biomass test employed the test organism Neanthes arenaceodentata, 
cultured by Don Reish at Long Beach State, California. Negative control sediment was 
collected from Beaver Creek, Oregon. Ammonia purging was not conducted. Results 
for the Phase 1 biomass tests are shown in Attachment 12. The negative control and 
reference sediments met performance standards in all five batches that were run. The 
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results included 4 DMMUs with hits under the 2-hit rule and 22 DMMUs with hits under 
the 1-hit rule. The other 60 DMMUs did not score biomass hits. 

Phase 2 

Chemical Testing: 

13. The Phase 2 sediment testing data indicated that at least one exceedance of the 
1996 PSDDA SLs occurred for 7 of the 13 DMMUs (see Attachment 4). A single bulk 
sediment BT exceedance occurred with 1 C37B exceeding the PCB BT. There were no 
ML exceedances. Porewater testing for TBT was conducted on all 13 DMMUs. Only 
1 COBB exceedeathe porewater BT of 0.15 ug/I (as TBT). 

Biological Testing: 

14. Concurrent biological testing was conducted for all 13 DMMUs. The same suite of 
bioassays and test organisms used in Phase 1 were used in this testing phase. Like 
Phase 1, ammonia reduction was conducted for some of the DMMUs prior to initiating 
the amphipod test (see Attachment 9). All negative controls and reference sediments 
met performance standards in all three bioassays in Phase 2. Attachment 13 shows 
grain-size matches for Phase 2 DMMUs. 

The bioassays resulted in 5 hits under the 2-hit ru le for the amphipod test (Attachment 
10), two hits each under the 1-hit and 2-hit rules for the larval test (Attachment 11) and 
one hit under the two-hit rule and four hits under the 1-hit rule for the biomass test 
(Attachment 12). 

Bioaccumulation Testing: 

15. While a total of 45 DMMUs exceeded at least one BT in Phases 1 and 2, only 9 of 
these DMMUs were subjected to bioaccumulation testing. The remaining 36 DMMUs 
with BT exceedances failed bioassay testing, with the exception of 1 C56 which was 
split into four smaller DMMUs in Phase 2. Attachment 5 shows those DMMUs for 
which bioaccumulation testing was conducted. 

16. Bioaccumulation testing was performed with Macoma nasuta, a suspension­
feeding/filter-feeding bivalve and Nephtys caecoides, a burrowing deposit-feeding 
polychaete. The two species were tested together in the same aquaria. The standard 
PSDDA bioaccumulation test duration is 28 days. However, in order to avoid 
extrapolation of 28-day results to theoretical steady-state conditions, the Port of Seattle 
proposed extending the test to 45 days to provide a better experimental approximation 
of steady-state tissue concentrations. The agencies approved this approach 
subsequent to a review of available literature and national EPA/Corps guidance. The 
actual test was terminated at 44 days due to an increased rate of mortality near the 
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end of the test period. The PSDDA agencies agreed that the actual test duration was 
sufficient to simulate steady-state conditions. 

17. Five replicate aquaria were run for the negative control, reference sediments and 
each DMMU. Tissue concentrations were compared statistically to the appropriate 
reference sediment, based on grain-size comparisons. The results are shown in 
Attachment 14. In many cases the sediment concentration determined in Phase 2 was 
lower than that determined in Phase 1 (see Attachment 15). The ratio of Phase 1 to 
Phase 2 sediment concentrations is shown in Attachment 16. In order to reflect "worst­
case" conditions, tissue concentrations for those DMMUs with higher Phase 1 
sediment chemistry were multiplied by the appropriate ratio and the statistical 
comparison repeated. Attachment 17 shows the results of the statistical comparisons 
using adjusted tissue concentrations. 

18. The PSDDA agencies agreed that statistical difference from reference is a 
necessary, but not sufficient, condition to determine a DMMU unsuitable for open-water 
disposal. For those DMMUs which were statistically greater than reference, a more in­
depth evaluation was required to determine the significance of the bioaccumulation 
that had occurred. This evaluation focused on a) Food and Drug Administration (FDA) 
Actions Levels for Poisonous and Deleterious Substances in Fish and Shellfish for 
Human Food; b) PSDDA Target Tissue Concentration Values for Chemicals of 
Concern to Human Health; and c) ecological effects data from the literature. 

a) The FDA guidelines for the chemicals of concern addressed by T18 
bioaccumulation testing are as follows [7]: 

methyl mercury: 
DDT+ ODE: 
PCBs: 
TBT: 

1.0 ppm WW 

5.0 ppm WW 

2.0 ppm WW 

no guideline 

b) The agencies re-evaluated the risk-based approach that had been adopted 
by PSDDA in 1988 [8] to set target tissue concentrations for human health (see 
Attachment 18). The agencies determined that the methodology was still sound. 
Using current EPA slope factors and reference doses, the PSDDA target tissue 
concentrations are as follows: 

mercury: 
Total DDTs: 
PCBs: 
TBT: 

450 ppm WW 

44 ppm WW 

2.0 ppm WW 

43 ppm ww (as TBT) 

c) In conjunction with the Port of Seattle, EVS Consultants and Battelle 
Northwest, the PSDDA agencies reviewed the literature for ecological effects. 
Attachment 19 provides data relating effects to tissue concentrations. The 
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agencies reviewed this data in the context of PSDDA site management 
objectives [8, page 11-144 ]: 

"The biological testing guidelines for Site Condition II, which allow for 
minor significant effects in the laboratory tests, suggest that some 
biological effects may be expected at the disposal site. The severity and 
extent of biological effects are not expected to be great because the 
majority of the species found at the preferred disposal sites are not known 
to be acutely sensitive to chemic"als of concern. Effects associated with 
Site Condition II will include sublethal effects and, potentially, an increase 
in the mortality of the more sensitive but less abundant crustacean 
species. Cumulative effects are expected to consist of a reduction in 
population and community biomass and an increase in the tissue 
concentration levels of chemicals of concern." 

In reviewing the available data, the agencies focused on marine organisms and 
endpoints that were the same or similar to endpoints used in the PSDDA suite of 
bioassays (mortality and growth). Much less emphasis was given to molecular, 
cellular, behavioral and morphological effects whose ecological relevance could 
not be determined. While the agencies understood that scientific advances may 
demonstrate the ecological importance of such effects, it was not possible at this 
time to evaluate them in the context of Site Condition II. 

It was clear that for PCBs and mercury, human health concerns occurred at 
lower tissue concentrations than did ecological effects. Conversely, for TBT and 
DDT, ecological effects occurred at lower concentrations than human health 
effects. Based on an evaluation of the literature, the PSDDA agencies 
established levels of 2.0 ppm ww (as TBT) (Widdows and Page, 1993) and 3.0 
ppm ww (Childress, 1971 and Allison et al., 1964) for TBT and Total DDT 
respectively to comply with Site Condition 11. 

The most conservative concentration for each of the chemicals was chosen for 
interpretation of the bioaccumulation test data: 

mercury: 
Total DDTs: 
PCBs: 
TBT: 

1.0 ppm WW 

3.0 ppm WW 

2.0 ppm WW 

2.0 ppm WW (as TBT) 

The agencies used best professional judgment in developing these interpretation 
guidelines to meet PSDDA disposal site management objectives; achievement of other 
sediment management objectives will require additional evaluation. These guidelines 
are subject to change for future PSDDA projects as additional bioaccumulation data 
become available. 
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19. Each DMMU was compared to these interpretation guidelines using a one-tailed 
one-sample t-test (see Attachment 14). DMMU 1 C04 exceeded the guidelin~ for TBT, 
thereby failing the bioaccumulation test. This failure was corroborated by a mean 
mortality of 42% in Nephtys caecoides for 1 C04, which was statistically different from 
reference. None of the other DMMUs exceeded the interpretation guidelines. For 
those DMMUs that did not fail the bioaccumulation test outright, a "worst-case" analysis 
was made, multiplying tissue concentrations by the ratio of Phase 1 sediment 
concentrations to Phase 2 sediment concentrations. No additional DMMUs failed the 
bioaccumulation guidelines in this analysis (see Attachment 17). 

Suitability Determination 

20. The PSDDA agencies accepted the data as sufficient to make a suitability 
determination for open-water disposal. Attachment 4 includes the suitability 
determination for each DMMU and summarizes the essential chemical and biological 
testing information forming the basis for these determinations. 

A total of 273,540 cubic yards in 45 DMMUs passed PSDDA evaluation guidelines and 
are suitable for open-water disposal at the Elliott Bay non-dispersive site. Forty-nine 
DMMUs, representing 264,810 cubic yards, failed bioassay or bioaccumulation testing 
and are unsuitable for open-water disposal. DMMUs 1 C03 and 1 C06 (8,080 CY total) 
passed bioassay testing but must be assessed further under the dredger's option to 
remain eligible for open-water disposal. Until this assessment has been completed, 
these two DMMUs are considered unsuitable for open-water disposal based on 
exceedances of the ML rule. See Attachments 20 and 21 for plan views of the 
suitability determinations for surface and subsurface DMMUs respectively. 

21. This memorandum documents the suitability of the proposed dredged sediments 
for disposal at the Elliott Bay open-water disposal site. It does not constitute final 
agency approval of the project. During the public comment period which follows a 
public notice, the resource agencies will provide input on the overall project. A final 
decision will be made after full consideration of agency input, and after an alternatives 
analysis is done under section 404{b)(1) of the Clean Water Act. If a Section 404 
permit is issued for this project, a dredging plan must be developed and submitted prior 
to dredging to the Enforcement Section of the Regulatory Branch of the Seattle District 
Corps of Engineers. This plan must include technology and methodology which are 
technically adequate to separate suitable from unsuitable material. 
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Port of Seattle Terminal 18 (95-02133) 
PSDDA Suitability Determination 
March 17, 1997 

Concur: 

I I 
Date David Fox, P.E. 

Seattle District Corps of Engineers 

Dat6 I 

I 
Date Tom Gries 

Washington Department of Ecology 

Date edBenSon 
Washington Department of Natural Resources 

21 Attachments 
Copies Furnished: 

Jack Kennedy/CENPS-OP-RG 
Lauran Warner/CENPS-EN-ER 
Doug Hotchkiss/Port of Seattle 
Chris Boudreau/EVS 
Rod Malcom/Muckleshoot Tribe 
DMMO file 
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Justine Barton/EPA 
Karen Keeley/EPA 
Tom Gries/DOE 
Teresa Michelsen/DOE 
Ted Benson/DNR 
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. . 

Abbreviations used in Attachments 

Abbreviation Meaning 
BSAP bioaccumulation samplinq and analysis plan 

BT bioaccumulation trigger 
CG Cape George 
D dilution 

DMMO Dredged Material Management Office 
DMMU Dredged Material Manaqement Unit 

DO . . dredger's option (additional assessment required) 
E estimate 

EVS EVS Consultants 
F fail 
H hiqh rank 

HPAH high molecular weiqht polycyclic aromatic hydrocarbons 
J estimate 

KG kilogram 
L liter 

LPAH low molecular weight polycyclic aromatic hydrocarbons 
LQ lab qualifier 
M moderate rank 

MG milligram 
ML maximum level 
N no 

NA not analyzed 
NG nanogram 
oc orqanic carbon normalized 
p pass 

PCBs polychlorinated biphenyls 
PSDDA Puget Sound Dredged Disposal Analysis 

SAP sampling and analysis plan 
SB Sequim Bay 
SL screening level 

TBT tributyltin 
u undetected 

UG microgram 
VQ validated qualifier 
WB West Beach 
x hit under the two-hit rule or an affirmative designation 
xx hit under the one-hit rule 
y yes 



CHRONOLOGY OF DOCUMENTATION AND CORRESPONDENCE 

PORT OF SEATILE TERMINAL 18 (95-02133) 

Document/Correspondence 
Port of Seattle letter requesting downrank of subsurface sediments 
PSDDA agency_ letter approving downrank of subsurface sediments 
EVS sampling and analysis plan (SAP) submitted on behalf of the Port of 
Seattle 
PSDDA agency letter requesting a SAP addendum 
EVS SAP addendum submitted 
EVS letter with revised DMMU boundaries, volumes, etc. 
PSDDA agency letter approving revised SAP 
EVS bioaccumulation sampling and analysis plan (BSAP) submitted on 
behalf of the Port of Seattle 
PSDDA letter approving field sampling portion of the BSAP 
EVS final BSAP submitted on behalf of the Port of Seattle 
EVS memorandum documenting the agreement between the Port of 
Seattle and the PSDDA agencies regarding an evaluation process for 
tributyltin 
DMMO email to EVS with comments on revised BSAP 
and request for additional information 
EVS letter with response to comments on the BSAP 

Date 
10/13/95 
11 /20/95 
12/4/95 

1/18/96 
2/23/96 
2/29/96 
3/6/96 

5/10/96 

5/23/96 . 
6/4/96 

6/4/96 

6/18/96 
7/3/96 

EVS letter requesting an extended bioaccumulation period to model steady 7/11/96 
state 
EVS sampling and analysis results and appendices submitted 1/29/97 
EVS paper presenting contaminant loss data associated with ammonia 2126197 
purging (final data submittal required for suitability determination) 
EVS letter with final revised DMMU volumes 3/17/97 
EVS revised sampling and analysis results submitted pending 

Attachment 1 



Phase 1 Dredged Material Management Units 
Port of Seattle Terminal 18 (95-021 33) 

Surface vs. Volume Surface vs. Volume Surface vs. Volume 

DMMU Subsurface (cubic yds) DMMU Subsurface (cubic yds) DMMU Subsurface (cubic yds) 

1C03 Surface 4000 1C32 Surf ace 4030 2C05 Surface 4680 
1C04 Surface 4000 1C33 Surf ace 4030 2C06 Surface 5020 
1C05 Surface 3910 1C34 Surface 4030 2C07 Surf ace 4030 
1C06 Surface 4080 1C35 Surface 4020 2C08 Surface 4030 
1C07 Surface 4350 1C36 Surf ace 4030 2C09 Surface 3980 
1C08 Surface • 5300 1C37 Surface 4030 2C10 Surface 3990 
1C09 Surface 3900 1C38 Surface 4030 2C11 Surface 3990 
1C10 Surface 3900 1C39 Surface 4030 2C12 Surf ace 3990 
1C11 Surface 3690 1C40 Surface 4080 2C13 Surface 4000 
1C12 Surface 2830 1C41 Surface 3900 2C14 Surf ace 4000 
1C13 Surface 4170 1C42 Surface 4030 2C15 Surface 4000 
1C14 Surface 4000 1C43 Surface 4030 2C16 Surface 4000 
1C15 Surf ace 4090 1C44 Surface 4030 2C17 Surface 4000 
1C16 Suriace 3690 1C45 Surface 4030 2C18 Surface 4000 
1C17 Surface 4110 1C46 Surface 4180 2C19 Surface 4000 
1C18 Surface 4040 1C47 Surface 4360 2C20 Surface 4000 
1C19 Surface 3540 1C48 Surface 4030 2C21 Sub Surface 24620 
1C20 Surface 4000 1C49 Surface 4030 2C22 Sub Surface 24220 
1C21 Surface 3770 1C50 Surface 4030 2C23 Sub Surface 27180 
1C22 Surface 4200 1C51 Surface 4030 2C24 Sub Surface 19860 
1C23 Surface 3920 1C53 Sub Surface 25420 3C01 Surface 3660 
1C24 Surface 3790 1C54 Sub Surface 26700 3C02 Surf ace 3520 
1C25 Surface 3790 1C55 Sub Surface 23150 3C03 Surface 4000 
1C26 Surface 4030 1C56 Sub Surface 23350 3C04 Surface 4000 
1C27 Surface 3950 1C57 Sub Surface 22360 3C05 Surface 3240 
1C28 Surface 4060 2C01 Surface 4160 3C06 Surface 3380 
1C29 Surf ace 3950 2C02 Surface 4070 3C07 Sub Surface 24900 
1C30 Surface 4030 2C03 Surface 4460 4C01 Surface 4000 
1C31 Surface 4030 2C04 Surface 4360 

Attachment 2 



DMMU 
1C03 
1C04 
1C05 
1C14 
1C20 
1C48 
1C51 
2C03 
2C13 
1C07B 
1C08B 
2C01B 
2C02B 
2C06B 
1C37B 
1C42B 
1C43B 

1C55XSB 
1C48B 

1C48NB 
1C48SB 
1C49B 

Phase 2 Dredged Material Management Units 
Port of Seattle Terminal 18 (95-02133) 

Component 
Collected of Phase I 

Surface vs. Volume for Subsurface 
Subsurface (cubic yds) Bioaccum DMMU Reason for Split 

Surface 4000 x 
Surface 4000 x 

• • Surface 3910 x 
Surf ace 4000 x 
Surf ace 4000 x 
Surface 4030 x 
Surface 4030 x 
Surface 4460 x 
Surface 4000 x 

Sub Surface 2310 2C21 composite failed bioassays 
Sub Surface 3560 2C21 composite failed bioassays 
Sub Surface 7660 2C21 composite failed bioassays 
Sub Surface 6010 2C21 composite failed bioassays 
Sub Surface 5080 2C21 composite failed bioassays 
Sub Surface 2770 1C55 composite failed bioassays 
Sub Surface 9050 1C55 composite failed bioassays 
Sub Surface 7920 1C55 composite failed bioassays 
Sub Surface 3410 1C55 composite failed bioassavs 
Sub Surface 3800 1C56 composite exceeded BT 
Sub Surface 3750 1C56 composite exceeded BT 
Sub Surface 3550 1C56 composite exceeded BT 
Sub Surface 12250 1C56 composite exceeded BT 

Attachment 3 



CllemlcalNalM u-.lls SL BT 

C&dmU'n MG/KG o.se 
Coppe< MG/KG 81 

Lead MG/KG 66 

Mem.y MGIKG 0.21 1.5 

Sllvet MGll<G 1.2 4.6 

Zinc MGll<G 160 

TBT (b<lilc sed!menl u TBT) UGIKG 

TIIT (ealc:ulattd portwattt u Tiil) UGI\. 0.15 

TIIT (measured portwa111 u TBl} UGI\. 0.15 

2·~thytnaj)lltllalen• UGIKG 87 

~naphttien. UGIKG 63 
A<:enaphlhylene UGIKG 64 

Anttvacene UGIKG 130 

FkJOrene \JG/KG 64 

Naphthalene UG/KG 210 

Phenan1111ene UGIKG 320 

Total LPAH .UGIKG 610 

Oibenz(a.h)anllllacene UQ/KG 120 

Beru(a)antnrac.ne UGIKG 4$0 

eenzo(a)pyrena UG/KG 680 4964 

Benzo(b+k)ftuoranin.nes UGIKG 800 
Benzo(g.11,J)petylene UGIKG 540 

ClvyMne UGIKG 670 

Fluo<antlleM IJG.IKG 630 4600 

lndeno(l .2.3-c.d)pytllll UGIKG 6i 
Pyrene UGIKG ~ 

TOlalHPAH IJG.IKG 1800 

Benzolc Kid UGIKG 400! 

Benzyl aJcollol UGIKG 2s' 

~ouan UGIKG 54 

N-llotr~ UGIKG 28 18t 

2-Mtthy!pllenol UGIKG 20! 

2.4-Dimlthylphenol IJG.IKG 29 

4-Methyfphenol IJG.IKG 120 

PentacNotophenol IJG.IKG too 504 

Plltnol UGIKG 1201 ml 
• .2·0ichlotobenzene UGIKG 19' 37 

l.2.4·TricNorobenztne UQIKG 13 

1,4-0lclll«obenzene UGIKG 28 190 

Hnadllorobenzene UGIKG 23 168 

Hexadllorobutadi.nt UQIKG 29 212 

Bis(2·elh)'lhe)()1)p11111a1a11 UGIKG 3100t 13870 

Oielh)'I phtnalall UGIKG 97 

Oimetnyl phtnalart UGIKG 1601 1168 

Etnytbenzene UGIKG tot 27 

Xytenes UGIKG 12 

Aldrin UGIKG 10 37 

Alpha cNordane UGIKG 10 37 

Oitldtin IJG.IKG 101 37 

Gamna-HCH (Un<W>e) UGIKG 101 

Heptaclllot UGIKG 10 37 

Total DOD.DOE and DOT UQ/KG 6.9 50 

PCBs. IOlal UG/KG 130J 

PCBs.10ta1 MGIKGOC 38.0 

Organic c:at1>on. total ')(, 

Tola! solds % 

Tolal YClalle SCllds ')(, 

~.IDlal MG/KG 

TolalSulncles MG/KG 

FNs. pen:ent (slll-<lay) ')(, 

prelerrtd refere~• ma:Ch: 

Mylllus galop<OYlnciaJis hits: I 
Eot>aus10tlu1 estuatlus hits: 

Neanthes a11nutoden~1a hlls: 

BIOassay Pass/Fall: 

BTs exceeded: 

BIOac:cumuladon conducted: 

BIOaccumulailon Pass/Fail: 

ML 1ute exceeded; I I I I 
PSOOA determlnallon: 

OMMU volume (cubic yards): 

OMMU: 

?art of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 1C03 1C04 1C05 1C08 

~ H H H H 

ML Cone. VO Cone. VO Cone. VO Cone. VO 

9.6 2 

81 

6liO 

2..1 

. 6.1 

1600 

i;71 0 I 1120 J I 332 I 307 

2..07 3.21 1.43 1.29 

0.207 0.209 

670 I I 12010 

630 66 ~O 

640 I 
1300 170

1
0 

640 75 260 0 

2100 220:0 

3200 340 740 0 

6100 1no o 
1200 I 
4SOO 

6800 

8000 

S400 

6700 I 
6300 

5200 210 95 n 170 0 

7300 920 0 9t0 840 0 1400'.0 

51000 4000, 21!!8 1994 4408 0 

690 I I I 
73 I 1so 'o 

540 110' 0 

220 I i 
121 I I I 21 UD 

50 I 
1200 I ' 
690 I 

1200 I I I 

350 I I ! 
64 I 

260 I 
2301 I 25 uo 
290 33 uo 

I I 
I 

I ! ' . 
50J I I 

160 I I : 
I 16fUO 21 0 I 

44 uo 16 uo l 
3410 13 0 I 
16 uo 
16 uo I 

69 71 0 20 uo t .S UO 11 UD 

2500) 45000 I 110010 I 840 0 243 

I 376.9 0 78.S 0 90.3 0 I 
1.3 I 1.4 0.93 O.ts 

69.41 68.9 72.5 &7.2 

3.6 3.S 2.8 2.S 

5.9 16,E 6.1 E 22 

I 5401 I 730)J 190 J 650" 

26.2 I 36.2 23.2 32.4 

wa I I CG we WB 

x I 

p I p p p 

x x x 
x x x 
p I F p 

I x I I I x I 
00 F p 00 

4000 4000 3910 4080 

1C03 IC04 1C05 1C06 

1C07 1C08 1009 1C10 I 1c11 

H H H H H 

Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO 

- 1.7 

89 
130 

0.71 1.1 0.59 

1.9 u 
180 

212 256 

1.02 0.85-4 

68 I 
150 110 

210 280 

200 140 95 

810 600 360 

1533 1086 1008 

I 
900 

1000 

1660 

1100 0 

890 790 2000 0 

150 98 410 

tlOO 670 620 2800 0 1100 0 

38.39 2G78 2025 10283 0 3660 

I 
I 

84 67 70 I 
I I 

I 

I 

I 

I 
I 

I 
I 

I I 

14 0 

10 UD 29.7 0 

168 0 570 0 

1.7 1.2 0.83 1.2 1.61 

54 55.4 71.8 68.1 57.2 

5.9 4.7 1.9 3.6 s 
200 180 17 9.1 50 

320 800 ' 30 180 1000 

90.4 &4.6 45.3 39 74.2 

se se CG I CG SB 

x x x 
x xx x 
xx xx 
F F p p p 

l I I 
F F p p p 

4350 5300 3900 3900 3690 

1C07 1C08 1C09 1c10 1Cll I 



Chemical Name Unlls SL BT 

C.dmlum MG/KG a.tie 
Copper MG/KG 81 

Lead MG/KG 68 

MtrCUf'f MG/KG 0.21 1.5 

Sliver MG/KG 1.2 4,6 

Zinc MG/KG 160 

TBT (b\Jlk Hdmenl as TBl) UG/KG 

TBT (c:O::..-attd porewaler as TBT} UGll 0.15 

TBT (meas.nd porewater as TBl) UGll 0.15 

2-~~ UGIKG 87 

~ UGIKG 63 

~thytene UGIKG 64 

Antrv...- UGIKG 130 

FIUotene UGIKG 64 

N1plllhalon1 UGIKG 210 

Pnenanll\lene UGIKG 320 

Tolal LPAH -UGIKG 610 

O.ti.nz(1)l)an11vaeene UG/KG 120 

Btnz(a)anlllfa.:ene UG/KG 450 

Banzo(a)pyrena UGIKG 680 4964 

Btn~lc)lluofanlhenes UGIKG I 600 

8tnzo(g.llJ)pety1ene UGIKG 540 

~ UGIKG I 670 

Auorencnana UGIKG 630 4600 

lndlnO( 1.2.k.dlwene UGIKG st 
IPyrena UGIKG I 430 

TotalHPAH UGIKG l 1800 

Btnzolc acid UGIKG 400 

Btnzyl alcohol UGIKG 25 

01oenzolu11n UGl'KG 54 

N·nlUosodlpnenytamine UGl'KG j 28 161 

2·Melnytpllenol UGIKG 20 

2,4-Climecnytphenol UGIKG 29 

4-Melllytpl\tnol UGIKG 120 

PWICNotOl)het'IO! UGIKG 100 504 

Phenol UGIKG I 120 878 

l ,2-0lcHorobenune I UGIKG 19 37 

l .2.4· TriehlorcOenzene UGIKG 13 

I ,4·0iclllorobenzena UGIKG I 26 190 

Hu-ot>enzene UGIKG I 23 188 

Heuehlorol>utadiene I UGIKG I 29 212 

BIJ(2·tlhythexy1)pnlllalate UGIKG 3100 13870 

Oltthyt phtnalate UGIKG 97 

Oitnetnyt pn111alate UGIKG I 160 1168 

Etnylbenzena UGIKG 10 27 

Xytenu UGIKG 12 

Aldrin UGIKG 10 37 

Alpllachlo«Wll UGIKG I 10 37 

Olo4dm UGIKG 10 37 

Ganvna·HCH (lkldane) UGIKG I 10 

Hep- UGIKG 10 37 

Total ODO.DOE ancl DOT UGIKG I 6.9 50 

PC'Bs, IOtal UGIKG I 130 

PCBs, IOtal MGIKGOC 38.0 

Organic carbOn. total % 

Total solids % 
Total •olali1e solids % 
Ammonia, 101a1 MG/KG 

Total Sulrtdes MG/KG I 

Finn, ptrCent (sll1+day) % 
preferred ttfttenc• mak:h: I 
~ galooroW'leials hits; I 
Eo/laus1~ esiuallus hits: I 
Nt&nlllts lltenacaodenlala hits: I 

BlotsHy Pass/FaJ: l 

BTJ txcttded: ! 
BJOac:cumulation conducted: I 
BlcaccumutaUon Pus/Fall: I 
ML rule exceeded: I I 
PSOOA determination: I 
OMMU •Olume (cubic yards): I 
OMMU: 

Port of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 1C12 1C13 1C14 1C15 I 1C111 

Rani<: H H H H H 

ML Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO 

9.6 2.6 1 I I 2.5 

810 92 94 

660 140 94 81 130 

2.1 0.6 0.247 0.235 0.61 

6.1 22 2.4 

1600 200 190 

I 408 2051 I 
1.~ 0.8911 

670 I 
630 I 97 0 

640 I 
1300 140 350 0 I 260 0 

640 I 120 0 

2100 I I 
3200 330 0 I 380 0 

6100 885 0 I I 911 0 

1200 I 
4500 540 0 I 530 0 

6800 I 
8000 I i I 
5400 

6700 890 0 I noo 
6300 750 1400 0 I 1300 0 

S200 70 D 89 170 0 I I 190 0 

7300 1ooolo 1200 0 2000 0 550• 1400 0 

51000 JOOO!o 3881 0 5990 D 2155: 5700 0 

6901 I I I 
73 31 uo I I 29 uo 

540 r 
220 31 juo I I 29 UD 

121 26 uo I 21 uo I 24 uo 

50 I I 
12001 I 
690 130'uo I 120 uo 

1200 I 
350 I 

64 16·UO ; 14 uo 
260 I 
230 31 juo I 25 uo I 29 uo 

290: o :uo I I 33 uo • 38 uo 

I ! 

' I 
I I I 

sol I i 
1601 l ! I 

I I I 
11j o I I 

I 23: 0 11 0 I 18 0 

I I 
I 

69 42Jo I 35.4 0 19.80 ' 34 0 

2500 14a0· 0 I J.<olo I nolo I I 850 0 

87.1 0 40.S 0 42.8 0 I "·7 0 

1.71 0.84 1.8 0.92 I 1.9 

54.5 72.5 69 66.8 59.3 

5.5 3 3 3.S 5.5 

83i 12 E 65 19 E 160 

14001 590 J 330 S&O E 360 

78.5 I 24.2 I "·3 70.5 I I 71.6 

SB I W8 CG CG . CG 

x I x 
x l xx x 

I I x 
F I F p p F 

I x I x x x 
I x 
I p I 

I I I I I I I I 
F ! F p p I F 

2830 I 4170 4000 4090 ' 3690 

IC12 1C13 1C14 1c1s l 1Cl6 

1C17 1C18 1C19 1C20 

H H H H 

Cone. VO Cone. VO Cone. lvo Cone. VO 

3 . 3.1 3 
120 J 130 J 130 

200 190 210 

0.709 0.247 0.611 0.74 

2.8 J 3.1 J ' 3 

260 240 310 

119 I 
0.496 I 

87 uo I ~·o I 
87 uo 82 D 

87 uo 

150 0 250 D 150 0 

100 0 130 0 97 0 

850 0 

330 0 

1736 0 I 
I I I 

640:0 I 
I I 

1000 0 I 
I 

I 82010 

860 0 I 1200 0 I 630 0 

190 0 290,0 190,D 

1200 0 470 250010 I t40 0 

4500 0 7J.<6Jo I 4070 0 

430 uo I I I 
52 uo 30:uo t 33 uo 

87 uo 7010 I 
52 uo 30luo I 33 uo 

43 uo 25 uo 27 uo 

43 UJ I 
I 

220 uo 120'UO ! 140 uo 

13010 160 0 

I I 
26 uo 15'uo ( 161UD 

I I 

52 uo 301UO I 33 uo 
70 uo I Jt!uo I ~uo 

I I 

I 
I I 

I 1110 12 0 

12 uo 13, 0 I 1410 

25 0 23 0 23 J 

46 sol ! 41 0 

1290 0 I 11eo:o I 138010 

49.6 0 70.4 0 60.0 0 

2.6 0.96 2.s! 2.3 

49.8 72.4 57.81 53 

u 2.8 5.3 e.e 
110 8.4 E 140 I 160 

110 240 J 1000 390 J 

87.4 41.3 72.6 I I 83.5 

SB CG SB SB 

x I 
xx xx I I x 

I I 
F p F I p 

x x I I x 
x 
p 

I I I 

F p F p 

4110 4040 3540 4000 

1C17 1C18 1C19 l 1C20 



Chemical Name \,/nits Sl BT 

Cadmium MG/l(Q 0.96 

Copper MG/KG SI 

lead MG/KG 68 

Mereuiy MGll(Q 021 1.5 

$ilve< MG/KG 12 4.8 

Zlllc MG/KG 180 

TBT (bullc MdlmeJ>t as T81) I UG/KQ 

TBT (calcutall<I po<ewater as T81) UGll 0.15 

TBT (measwed po<twater u TB1) UGll 0.15 

2·M•U'ly1naphlllatene UG/KQ 87 

Acenaphthene UG/KG 63 

Acenaphll'ly1ent UG/KQ 64 

Anllv~ UG/KQ 130 

Auorene UG/KG 64 

Naphl!wll- UG/KQ 210 

Pllenan!lvene UGIKG 320 

TotallPAH i-uc,;it<G 610 

Oibe1U(a)l)an11vacene UGIKG 120 

Benz(a)anllvacene UGIKG 450 

Ben2o(1Jpyrtne UG/KG 680 4964 

Benzo(l>+ll)nuoranintnes UG/KG 800 

Benzo(g,h.i)pe<yt- UG/KG 540 

Clvysene VG/KG 670 

Auorantt>e<it UG/KG 6JO 4600 

lndeno( 1.2.3<.d)pyrene UG/KG 69 

Pyrene UG/KG <13() 

TolalHPAH UGIKG 1800 

Benzolc acid UGIKG 400 

Ben?yt alcohol VG/KG 25 

Oibe1Uoluran UGIKG 54 

N-nitrosodiphenylamlne UG/KG 28 161 

2-Metllylpllenc4 UGll<Q 20 

2.4-0imell'ly1plltnol UG/KG 29 

4-Metnyfpllonol UGll<G 120 

Peni.<:hlorophtnol UGIKG 100 504 

Phenol UGll<G 120 876 

12·0icNo<Obel\2ent UG/KG 19 37 

1.2.4-Trlc:tolO<ObelUtne UGll<G 13 

1.4·0icNo<obtlU- UG/KG 26 190 

HexacNo<ol>t<Uene UGll<G 23 168 

Hexad11o<obutadient UG/KG 29 212 

Bi$(2·tU>ytllexyf)phlfl&late UGll<G 3100 13870 

Dielh)'I phlhalate UGIKG 97 

Oomelh)'I phlllalate UGll<G 160 1168 

Elhy1btn1ent UG/KG 10 27 

X~enes UGll<G 12 

Aldrin UG/KG 10 37 

Alpha chlofdane UGll<G 10 37 

Dieldrln UGIKG 10 37 

Garrvna-HCH (Undane) UG/KG 10 

Hep- UG/KQ 10 37 

Total DOD.DOE and DDT UGIKG 6.9 50 

PCBs.IDtal UG/KQ I 130 

PCBs. IOlal MGIKGOC 38.0 

Organic carbon. total % 

Total 1ofids % 

Tolal volalilt IOlid$ 'lo 

Ammonia. 1o111 MG/KG 

Tolals.Arldu MGIKG 

Fines. percent (sill+day) % 

preferred 1e1erenct ~lr:h: 

MylilYS galloprovineiar.s hhs: 

EOl>a..storius tstuarius hilS: 

Nea/lllles aren•ceodtntata Ms: 

Bioassay Pass/Fail: 

BTs uCffded: 

Bioac:cunUallon condYCted: 

Bioaccumulallon Pass.'Fail: 

ML rule exceeded: I 
PSDDA delerminallo<1: 

OMMU • olYtne (cubic yaids): 

OMMU: 

'ort of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMV: IC39 ICIO ICU I IC<2 I IC&3 

Ranlc H H H I H H 

Ml Cone. l vo Cone. VO Cone. vol Cone. vol Cone. VO 

9.8 3.3fJ I I 2.6 J 

810 140 I 100 

680 280 I 84 170 

2.1 12.7 I 0285 o.n1 

6.1 3.1 I I 3.3 

IM>O 4401 I I 250 

145 I I 
O.SSI I j 

I I I 
870 1100 :0 I I 13010 74 uo 
630 190f0 I 3400;0 74 uo 
840 130iUO I 75~0 74 uo 

1300 2so10 1 1100:0 280 0 

640 26010 I 1100 0 140 0 

2 100 280 0 I 540.0 

3200 1100 0 I "°° 0 350 0 

6100 3210~ 0 I I 1014510 862 0 

1200 130 uo I I 200 0 

4500 I 2700,0 610 0 

6800 I I I 1900 0 

8000 I 3500'. 0 1280 0 

5400 I I I 890 0 

6700 I I 3'00 0 850 0 

6300 1100,0 I I 10000 0 1300 0 

5200 260 '0 110 150 I 900 0 320 0 

7300 1400' 0 670 1500 0 ' HOO 0 lllOO 0 

51000 5380;0 2187 I 4148f0 I 33090 D 7312f0 

690 

73 n ,uo ' 44 uo 
S40 130 uo I ~D 74 uo 
2201 nuo l I I 44IUO 
n 1 64' UO I I ' I 37 uo 
50 64 uo I : 37 UJ 

1200 130 uo I I 
690 320 uo I I 180 UJ 

1200' 240 0 I I 140 0 

350 l I ' 
641 Q 'O 22 UD 

260f I ' 
230 nuo 2• uo 44 uo 
290 100 uo I I 32 uo I 59, UO 

I I 
130 uo 1 ' 

I I I 

50 I I I 

160 25 ' I I 
25,0 I ' 14 0 

I 35 10 I . 
<-0 0 I 18 0 

' I l 

I I 
69 171 D 9.1 uo l "0 27.9 0 

25001 211010 180 uo I 440 0 I 1490f D 

60.0 D I ' 64.! 0 

4.81 1 0.52 I t.•. 2.3 

4s.al 71.9 78.! I 712 572 

9.81 2.4 1.8 ' 3.4 5.9 ' 400 42 •.3 I 22 120 

•aoo' 620 170 J I 430 J 1500 J 

81 I 34.3 2 1.2 I 33.1 71 .9 

SB CG we I we co 
xx I I xx xx 
xx I x ' x 
xx I 
F p p I F F 

x I I x x 
1 ·-I 

I x I I I I 1 x l 
F i p p I F 

-1-;~-I -4030 •080 3900 •030 

1<::19 1C•O 1C41 I 1C•2 1C•J 

IC-44 IC.OS IC<6 IC<7 I 
H H H H I 

Cone. VO Cone. VO Cone. VO eonc. lvo 
22 J 6.7 J _ I 
100 140 120l 

210 I 370 I 
0.835 1.45 I 

1.4 u 3 I 
270 I 420 I 
3981 151 I 

o.~2 0.547 I 
I I 

11010 l!JOOO I I 
99 0 220 0 I 

79 uo I 
170 0 630 0 I 
130:0 250 0 I 

310 0 I 
490 0 980 0 I 

1069jO 4290 0 I I 
I : 

500 0 

' I 
910 0 I 

l 
j 

94010 1200 0 I 
120 0 140 0 100• 100 

1100 0 2400 D 500 650 

3960!0 I 6230 0 I 1966 

l I 

30] UO 48 uo . 
I 79 uo 

30,UO 48 uo I I 
25\UO 40 UD t I 

40UO 

I I I 

130 uo 200 VO 

140 0 I ; 

I 
15 UD 24 uo I 

30 uo 48 uo I 
40 uo t 63 VO 

3400 0 

I ! 
I 

I I 
1510 I 201uo 11 0 I 
20 UD SJ UO I 
24 0 86 0 I 

20 uo I 
20 uo I 

59 0 145 D 10 uo 10 uo 

3010 0 t $550 0 200 uo 290 D 

85.6 0 102.! 0 I 
3.6 5.4 1.1 1.3 

SS.8 52.6 692 70.51 

7 92 3.1 U , 

140 e 300 4.6 4 

610 1000 •50IJ 240 J 

80.S 63.7 40.1 31.6 I 
se co CG we 
x I xx I 
x x I 

xx I 
F F p p I 
x x I 

I 
I 

I x I I I 1 

~.~~:30 
p p I 

4180 4360 I 
IC45 1C•G IC07 I 



Cl1emical Name ~ SL BT 

Cadmium Ma/KG 0.96 

Copptt MG/KG 81 

LH d MG/KG 68 

Mera.wy MG/KG 0.21 1.5 

Siver MG/KG 1.2 4.6 

Zinc MG/KG 160 

TBT (bulk aadimen1 .. TBl) UGIKG 

TBT (calculated potewatet .. TBl) UGIL 0.15 

TBT (measured porewatet as TBl) UGIL 0.15 

2-Me1h)'tnal>lllnalene UGIKG 67 

Acenapllll\ene UGIKG 63 
Acenaplltnylene UGIKG 64 
Anuvacene UGIKG 130 

FM>< one UGIKG 64 
Naplllllalene UGIKG 210 

Pllenanlhrene UGIKG 320 

Tolal LPAH _UG/KG 610 

Otbenz(a.h)anUVaeene UGIKG 120 

Benz(a)anuvacene UGIKG 450 

Benzo<aiw- UGIKG aeo 4964 

Benzo(b+k)lluotanlheOIS UGIKG eoo 
BenzO(g.h.l)l>erylene UGIKG 540 

Cnryseno UGIKG 670 

Ftue<anthene UGIKG 630 4600 

lndeno( 1.2.3<.d)pyr- UGIKG 69 

Py!ene UGIKG 430 

Tolat HPAH UGIKG 1800 

Benzolc: acld UGIKG 400 

Btnlyl alc:ohcj UGIKG 25 

Otbenzoturan UGIKG 54 

N•t.Uosodiphenylan'i UGIKG 28 161 

2. Mttnyipllencj UGIKG I 20 

2.4·01mo1nylpllencj UGIKG 29 

• ·Matnylpneoo UGIKG 120 

Pentaclllorophenol UGIKG 100 504 

Pnenol I UGIKG I 120 8761 

I .2·0lc:N0<01>enzan1 UGIKG 19 37 

1.2.• · Trlc:hle<obenzene UGIKG 13 

1.•·0ICN01obenzene UGIKG 26 190 

Htu cNOfobenzene UGIKG 23 168 

Htxacnlo<obuladieno UGIKG 29 212 

9'S(2·1tny1nexyt)p1>111&11i. UGIKG 3100 13870 

Ooetllyl pl\11\alate UGIKG I 97 

Oimetnyl plltnatate UGIKG 160 1168 

Etny~ene UGIKG 10 Z7 

Xytenos UGIKG 12 

Aldon UGIKG 10 37 

Alpna clltordane UGIKG 10 37 

[l;aldrin UGIKG 10 37 

Ganvna·HCH (~nt) UGIKG 10 

HeplKhlor UGIKG 10 37 

Total 000,00E and DDT UG'KG 6.9 so 

PC&. total UGIKG 130 

PCBs.tolal MGIKGOC 38.0 

0.ganlc: U lbon, total I % I 
Toal soles % 

Totll YOlallle SOlds % 

ArMlO<lla, total MG/KG 

Total Sulndes MG/KG 

Fines, perc.nt (slll+day) % 

Pftfwred rtlerence malCll: 

MylM galloprcMnciais hi1S: 

Eonauste<tus estuarus nus: 

Neanlllu arenaceoden1a11 hits: 

Bioassty Pass/FaJl: 

BTs txcteded: I 
Booac:cunUadon condUCted: 

Booaccumoulion Pass/FaM: 

Ml rule exceeded: l I I I 
PSOOA dtlerminalion: 

OMMU •Olume (C\lble yards): 

OMMU: I 

Port of Seattle Terminal 18 (95-02133} 
PSDDA Evaluation Summary 

OMMU: IC48 1Ct9 IC50 IC$1 I 
Rank: H H H H I 

ICS3 I IC$.C I I C55 

M M M 

ML Cone. VO Cone. VO Cone. VO Cone. I LO Cone. VO Cone. lvo Cone. VO 

9.8 1.4 2 3.5!J I . I 

810 85 130 1401 

aeo 150 200 3101 96 

2.1 0.524 0.819 0.39 1.aef 0.475 0.601 0.531 

8.1 1.8 2.3j 
1500 1101 2601 I 3901 I 

' ' I I I I I 
I I 

I I I I I 
570 120 0 I 79' 

830 190!0 lfO 

540 I 
1300 160 140 27010 490 

640 I 89 21010 250 

2100 I I 
3200 I 1000•0 1300 0 

8100 189010 I 3236 0 

1200 I I 
• 500 630' 0 l 790 

6800 ' I 
8000 1060 0 I 1190 

5400 I 
6700 no'o 

' 
970 

6300 660 710 1700' 0 3100 0 

S200 170 210 ~ o I I I 290 

7300 1200 0 1100 0 2200' 0 • 50 • 70 I 2600 0 

51000 411210 '341 0 6380
1
0 I I 8342 0 

890 I I I 
73 33' UO I I 

$40 I 91 ' 0 I I 200 

220 I 3J I.JO I I I 
72 I 271UO I 
so I 

' 1200 I I I I 

' 590 I'° U0 I I 
1200 I 130 I I I I I I 
350 I I I i I f 
64 I 16 uo ; I I 

260 j I I I I 

2301 I 33UO I I I . 
2901 I 4' 1.JO I I I I I 

I I I 
I 
I I l I 

50 I I I 
1601 I I I I I I I 

I II D 20 0 

22,uo 
1210 13 D 2•,0 

I I I 
I 

69 12:0 "0 18.80 so 0 I 1 u jo 9.• I II UD 

2500 1200!0 110010 500 0 1020' 0 386 0 590 0 580 D 

75.0 0 so.o 0 I I 
1.61 2.2 1.5 3.5 1.sl 1.7 1.7 

64.91 56.3 60.3 52.3 65 59.11 I 65.3 

4.6 5.2 S.I 7.• 4.5! S.3 4.8 

60 120 85 e 150' 120 J 330 130 

850 J 740 J 1200 220'J NA NA I 160 J 

53.3 I n.a 75 76.3 I 79.3 

~ 
89 70.3 

CG I SB SB SB I SB SB I CG 

I x I I x xx 
I x xx I x I xx 
I x Lt---P- xx 

p I F p F F F 

x I x I x 
I I I x x -+---p I p 

1 I I I I I t I I I I 

' I 
p i F p F I 

i p I ~6~00_·[ NIA 

4030 •030 4030 4030 r-2~~ -= I pf\.tSI 2 

I IC48 IC,.9 ICSO IC51 tC53 IC5-I I I 1C55 

I C$8 I CS7 

M M 

Cone. VO Cone. lvo 

0.32$ 0.379 

I 

l 
I 
I 

I 
I 
I 
I 
I 

I 
I 
t 

I 
I 
: 
I 

I 
I 

I I 
I 
I 
i 

I I 
I 
~ 

I 
i 
' : 
I 

I 
I 

I 

! 

I 
I 

10 uo 
670!0 

39.4 0 I 
1.7 I 

57.7 73.1 

4.1 2.8 

130 54 E 

790 J NA! 

81.3 37.5 I 
CG CG I 

I 

I 
I 

>BT p I 

x 

' I I 
I I 

NIA I p , 
phase 2 22360 

1CS8 IC$7 



Clltmical Name Ur.ts Sl I BT 

Cadmlym MG/KG 0.96 

copper MG/KG 81 

Lead MG/KG 66 

~ MG/KG 021 1.5 

S~t MG/KG 12 4.6 

Zinc MG/KG 160 

TBT (txlll< sediment as TBT) UG/KG 

TBT (ulcUl&ted porawator u TBT) UGIL 0. 15 

TBT (me&Jured pott Wlltt u TBl) UGIL 0.1 5 

2-Mt~lllal- UG/KG 67 

Aeenapl\lhene UG/KG 63 

Acenapl\thylene UG/KG 6' 

Mll'VactM UG/KG 130 

FluottM UG/KG 64 
Napllllllltne UGllCG 210 

PntNlnllVena UG/KG 320 

TotallPAH !JGIKG 810 

Oi~nz(a)l)anuvaeent UG/KG 120 

Btnz{a)anwacene UG/KG 450 

Benzo(a)pyrene UG/KG 680 4964 

Btnzo(l>+k)lluo<anoi.nu UG/KG 800 

Benzo(g,hJ)perytene UG/KG 540 

Cluys.nt UG/KG 670 

Fluotantnent UG/KG 830 4600 

lndtno(l ,2 .:k:.d)pyrtnt UG/KG 69 

Pyrtnt UG/KG 4JO 
TOlll HPAH UG/KG 1800 

Benzolc acid UG/KG 400 I 
Benl)'I &leOl'IOI I UG/KG 25 

Oibenzollnn UG/KG 54 

N-tlilrOSOdipnenylanwlt UG/KG 28 161f 

2·Mtll1ylpnenol UGIKG 20 

2,4·Dlmtlllylpl>anol UG/KG 29 

4 ·Mtlnylplltnol UG/KG 120 

PtntacNotoplwlol UG/KG 100 504 

Plltnol UG/KG 120 878 

1.2•.0lcNOtot>enztne UGllCG 19 37 

l.2,4·Trlcl\lorob4nztne UG/KG 13 

1,4.0<NorobeMena UG/KG 26 190 

Huac:Norooenzene UG/KG 23 158 

Htx-OCUladiene UG/KG 29 2121 

9's(2·t ll1yll\txyt)p/\llllll lt UG/KG 3100113870 

01e1ny1 phtllalale UG/KG 97 

Dimt:nyt p1111111a:e UGIKG 160 1168 

E~tnt UGIKG 10 27 

Xyi.nts UG/KG 12 

Aldrin UG/KG 10 37 

Alpha cNOtdane UG/KG 10 37 

Oieldrln UG/KG 10 37 

Glmma-HCH (l..iroW1t) UG/KG 10 

HtplKNo< UGIKG 10 37 

Total DOD.DOE and COT UG/KG u 50 

PCBs, 10tll UG/KG 130 

PCBs, 10tll MG/KGOC 38.0 

O<ganic: Cltbon. ~ ... 
Totalsolds ... 
Tolll ¥OllOll SOiids ... 
Mvnon!a.,totll MG/KG 

Tolll Sulfides MGll(G 

F"ines, percent (silt-clay) ... 
prel9ntd 11!tf111Ce malCI\: 

~~~lisllils: 

Eonaustonus estuartus llits: 

N11nui.s 111enaceodenuta llits: 

Bioasa1y PaSSIF al: 

BTs el!Cffded: 

BioaccumulabOn Conclucttd: 

BiolCCUmUlation Pass/Fail: 

ML rui. exceeded: I I I I 
PSOOA deteminatlon: 

OMMU "°""""(cube yards): 

OMMU: 

0 ort of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 2COI 2C02 2C03 :ico.c 2C05 

Rllllc H H H H H 

Ml Cone. VO Ccnc. VO Ccnc. VO Ccnc. VO Cone. 

9.6 I I 
810 

660 80 

2.1 O.S9 0.6' 0.334 0.614 

8.1 

1600 

l 

I 
870 

830 

640 

1300 200 

"° n 
2100 

3200 

6100 634 J 

1200 I 
4500 

6800 I 
8000 
S400 

8700 

8300 

5200 I 1101 180 140 0 100 

7300 97010 740 490 0 720 

51000 I 3390 0 I 2660 lt40,0 2570 

890J I I 
73 I I 28 u o 

540 I I I 
220: f I I I I I I I 

72 I I I I 22 uo I 

50 

1200 

590 I 110 uo 
1200 I 
350 I I I I 

64 

260 

230 I I 281UO 

2901 I I I 35,UO 

I I I I 

I 
! I I 

501 I I I I I I I 
1150f I I I 

I II 0 

I 
69 120 « 0 10.3

1
0 

2500 I I I 8301 0 419;0 

51.9 0 0 

0.78 1 1.9 I I.Sf I 1.21 1.3 

73.9 6'.I 66.9 6.5 55.5 

2.2J 4.5 3.9 3.1! 4.1 

3.4 29 18 II 65 

61 160 170 J 6001 1300 

39.3 67 63.9 I 75.1 ' 9-l.2 

I CG I I CG CG I SB I SB 

I I x 
x xx 

I 
p I F p F I p 

I x I I 
x I 
p : I 

I I I I I I I I I 
I p I F p F I I p 

4160 4070 «60 4380 I i "680 

I 2COI I 2C02 2C03 2C04 2COS 

2C06 2C07 2C08 2C09 
H H H H 

VO Cone. VO Ccnc. VO Cone. VO Ccnc. VO 

1.3 J 3.7 2.5 2.9 

120 - 89 100 J 
99 190 130 170 

0.882 0.636 0.49 O.S2S 

2.9 I.a 2.2 J 

190 260 210 240 

n 110 I 280,0 

130 65 110 0 

I 78 uo 

260 160 170 0 

n 180 110 I 200 ,0 

510 370 670 0 

1254 875 1522 0 

460 

1000 

700 

1000 720 870 0 

160 200 130 17010 

730 1200 1100 1200~0 
3047 5230 3890 4130 0 

I 
47 u o 

66 78 uo 

47:uo 
39:uo 

39 w 

190
1
UO 

I I 
I 

23:uo 

471UO 

62 uo 

I 

I I 

I 
13 0 II 0 

23 0 16 0 21 0 

7.8 uo 40 0 26 0 42i o 

2080JO no o I 1510 0 

94.5 0 48.1 0 58. 1 0 

1.8 2.2 1.8 u l 
$4.4 48.6 SSA 55.2 

4.4 7 5.4 5.4 

160 170 130 200 

1400 1400 2800 820 

932 I 87.2 74.S 77.7 

SB SB SB SB 

xx xx xx 
xx x xx )()( 

xx xx xx xx 
F F F F 

x x x 

I 
l I 

F F F F 

5020 4030 4030 3980 

2C06 2C07 2C08 2C09 



Chemleal Name Uni1s SL BT 

Cadmium MG/KG 0.911 

Copper MG/KG 81 

Load MG/KG 68 

Mercury MG/KG 0.21 1.5 

Silver MG/KG 1.2 4.6 

Zinc MG/KG 160 

TBT (buDc sediment as TBl) UGIKG 

TBT (cala.Uled po<ewatet as TBl) UGI\. 0.15 

TBT (,neUU<ed po<ewatet as TBl) UGI\. 0.15 

2~~ UGIKG 87 

~ UG/KG 63 

Acenapl\~ UG/KG 64 

MllVacene lJGIKG 130 

Fluo<ene lJGIKG 64 

Nlpl\lllal- UGIKG 210 

Pntnan111rene UG/KG 320 

Total LPAH \lGIKG I 610 

Dtbenz(a,h)1n11vacene UG/KO 120 

Benz(a)&nthtac- UG/KG 450 

Benzo(1)pyrtne UGIKG 680 4964 

Benzo(l>+k)lluonllllhenes lJGIKG 600 

Benzo(g.llJ)perylene lJGIKG 540 

crvy...,. lJGIKO 670 

F1uo<.,,.,..,,. UGIKG 630 4600 

lndeno( 1.2.3<.Cl)pyrene lJGIKG 69 

Pyr- lJGIKG 430 

TolalHPAH UGIKG 1600 

Benzolc ackl UG/KG I 400 

Benzyl alconol UGIKG 25 

O.benzoluran UOIKG S4 

N·nilloSOdiphenytamlne UOIKG I 28 181 

2·Metnylpl\enol UOIKG 20 

2,4·0imelhylpl\tnol UG/KG I 29 

4-Melhylphenol UG/KG I 120 

PtntacNo<OC>henol UGIKG I 100 504 

Phenol UG/KG I 120 876 

1,2.0ocNotobtnz- UOIKG I 19 371 

1.2."-Ttlcnto<obenzene UOIKO I 13 

1.• ·0icnlorobtnl- UG/KG 26 190 

Hauc:Norobtrlltne UG/KG j 23 169 

Huacnlorobuladierwt UGIKG I 29 212 

Bis(2·etnylnel()1)phtnalate UGIKG 3100 13870 

Dl•ll>yl pl\11111•1• UOIKG I 97 

Dlmelnyl phlhalate UGIKG I 160 1168 

Einylbenz1rwt UOIKG I 10 27 

Xylenu UG/KG 12 

Al4tln UG/KG 10 37 

Al;>lllcNotdane lJGIKG I 10 37 

OlltdM UGll<G i 10 37 

GMma·HCH (U>dane) UG/KG I 10 

HtptlCNor lJGIKG 10 37 

TOlal 000,00E and DOT lJGIKG u 50 

PCBs. IOlal UG/KG I 130 

PCBs, IOtal MGIKOOC 38.0 

Organic carbon, tolal % I 
Total solids % 

Total vocatile sotlds % 

Ammonia. total MO/KG I 
Tolal SuHklu MO/KG 

F'onos. ~tnt (sllt.Oay) % 

ptelent(I ttlertnc:e match: I 
- galol><ovindais flits: 
E-..slorlus eSllwtu5 nits: I 
Neanines arenaceodeniata flits: l 
BIOl-Y Pass/Fii: I 
BTtt•cHded: I 
B..accumula!lon eonoucied: I 
B1oaccumula!lon Pa$$1Fail: I 
ML rule exceeded: I I 
PSOOA determlnaUon: : 
OMMU volume (cublc yards): I 
()'AMU: • 

OMMU: 

Rank: 

Port of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

2CIO 2Cll 2Cl2 2Cl3 I I 
H H H H I I 

2Cl4 

H 

ML Cone. VO Cone. Jvo Cone. VO Cone. l voi Cone. VO 

9.8 2.7 6 ' ' 1.5 I ! 7.9 

810 100 J 1401 : I 220 J 

660 170 260 110 I I 450 

2.1 0.59 0.807 0.444 0.569, I 1.02 

6.1 2.3 J 3 2.1 I I 10 J 

1600 240 I 410 ' 170 I f ssol 

I ' 
I 

I I . 
670 n io I 1300 j I 3100 0 

630 120 0 480 ! I 54010 

640 76 uo I I 190 uo 

1300 280)0 600 I I 600 0 

640 220 D 590 78 I I 920 D 

2100 280 ; ' 440 D 

3200 720 D 1600 D i ! 2700 D 

8100 1527.0 5107 0 I I 8900 D 

1200 I I I j 190 uo 

4500 750 ' 700 0 

8800 I . 
8000 1220 I • 940 D 

S400 

6700 I 10001 I 1000 0 

6300 1100,0 1800 D 710 2400 0 

5200 I 220 140 82 . 220 0 

7300 1200 D 1600 D 950 2400 0 

51000 440810 7580,0 33n J 84'0 0 

6901 I ' !HO uo 

73 •slue 120 uo 

S40 76 UD 240 330 0 

2201 45 uo I ' 120,uo 

121 38 uo i 91 uo 

50 38,W j 91 w 
1200 I I 190,UO 

690' 190 uo 480 uo 

1200 150 D 230 360 0 

350, I 
64 23: 00 SS UD 

260 

2301 •sluo 120 uo 

290 &1 luo I 150 UD 

I 6900 0 

' 190 uo 

I ' 190 UD 

50 I I 35 

160 I 13 16 ' 1001 

I 12' 0 I I 24 uo 

I 16 0 11 D I 64 uo 

15 0 38 0 17 D I 100 0 

24luo 

I 24juo 

691 3110 61 0 38 D 11 uol 220 

25001 920JD I 1$50 D saolo 760 0 390010 I 
38.3 D 43.1 0 45.,3 0 40.ojo I 83.0 0 

2.41 3.6 1.9 1.9 4,7 

56.3 46.7 57 65 : 44.1 

S.2 8.3 6 S.I , 9.9 

120 330 78 39 I 470 

2000) 1200 2400 370 J I 3300 I 
I 75.1 I a.s 73.& 51.3 I 87 

SB SB SB CG I SB 

I x I xx xx xx 
I xx xx x xx 

x I xx xx 
F I F F p ' F 

I x I x x x x 
x I 

p I 
I I I I I : x I I 

F F F p I F 

3990 3990 3000 4000 I 4000 

I 2C10 I 2Cll 2Cl2 2Cl3 2Cl4 

2C15 2Cl6 2Cl7 2Cl8 I 
H H H H 

Cone. VO Cone. VO Cone. VO Cone. VO 

6.7 7.4 4.1 J 3.3 J 

220 J 200 J 180 210 

420 480 660 300 

1.12 0.92 1.58 1.51 

' ·' J 
12 J 2.6 4.1 

I 6301 

' 
510 480 430 

I 
:noo o 3100 0 noo o ttoo jo 

500 0 3AO 0 440 0 25010 

130 uo 180 uo 79 uo 79 uo 

490 0 380 0 530 0 300 0 

1SO D 600 0 620 D 370 D 

370 0 300 0 860 D 390!0 

2500 D 1900 D 3900 D 1500:0 

8910 D 6620 0 9250 D 391010 

130 uo 180 uo 

820 D 670 D 980 0 64010 

910 0 

1010 D 890 D 2090 0 1070 0 

S50 0 

950 0 940 0 1400 0 810 0 

1900 0 2100 D 2900 0 1600 0 

330 0 270 0 I 520 0 3AO 0 

2400 0 2000 D 3600 0 1700 0 

8110!0 7650 0 1295010 7040.0 

630 uo '10 uo 

11 uo 110 uo 48 uo 471UO 

290 0 190 0 440 D 13010 

78 uo 110 uo 48 uo 47 uo 

63 UD 91 UD 40 uo 39 0 UO 

f3W 91 w 40W 39,W 

130 uo 180 uo 

320 uo 450 uo 200 uo 200.W 

3400 370 0 220 0 410 0 

I 79 I 
38 0 ss uo f 57jO 24 'UO 

130 900 I 
78 uo 110 UD 48 IJO 47 uo 

100 uo 150 UD 63 uo 83 uo 

4000 D 9300 0 3200 0 I 
130 uo 180 uo 

180 UD I 
12 14 12 I 
44 290 I 1101 16 

42 D I 23iuo 44 0 39 0 

83 uo 62 uo 57 0 $2 uo 

89 D 76 0 140 D 61 0 

24 uo 23 uo 20 VO 20'UO 

24 uo 23 uo 20 uo 20 uo 

201 110 0 :JOI 0 111 0 

:1000 D I 340010 I UIOO 0 I :1120 ,0 

71 .4 D 94.4 D 232.7 0 91.0 0 

4.2 3.6 5.2 4.2 

45 45.7 53.5 54.2 

9.9 10.3 12.2 11 

480 580 640 E 500 

1900 4100 4700 J 600,J 

83.2 76.4 29.3 S4 

SB SB W8 CG 

xx xx xx xx 
xx xx xx xx 
xx xx xx xx 
F F F F 

x x x x I 

x I ' x I x I I x I 
F F F F 

4000 4000 4000 4000 I 
2C15 2C16 2Cl7 2Cl8 



CllemblName Units Sl BT 

Cadmium MG/KG 0.98 

Copper MG/KG 81 

lead MGll<G 68 

Me<eury MG/KG 0.21 1..5 

Silve< MG/KG 1.2 4.6 

Zinc MG/KG 160 

TBT (bulk sediment IS TBT) UGll<G 

TBT (calaJlaled porewater as TBT) UGll. 0.15 

TBT (measured po1ewa1er as TBT) UGll 0.15 

2-Mel/1yltlapllll'lalene UGll<G 671 

AC.naplltnene UGll<G 6J 

~ UGIKG 64 

Mlhraeene UGIKG 130 

Fluo<ene UGIKG 64 

Nap/\lhalene UGIKG 210 

Phenanllvene UGIKG 320 

Tolal lPAH UGl!<G 610 

Dit>enz(a,h)anlllracena UGll<G I 120 

Benz(a)anttv acene UGll<G 4SO 

Benzo(a)pyr- UGll<G 680 4984 

Benzo(b+k)lluoranthenel UGIKG 800 

Benzo(g~ VGn<G I 540 

Clvys- UGIKG 670 

FlYoranU>ene VGll<G 630 •eoo 
lncleno(l.2,3-<:,d)pyrtne UGIKG 69 

Pyrene UGIKG 430 

TotatHPAH UG/KG j 1aoo 

Benzoic acid UGIKG 400 

Benzyl &lcollol UGIKG 25 

Dibenzoflnn UGIKG S4 

N~trine UGIKG 28 181 

2-Mellly1Jlllenol UGll<G 201 

2,4-0imelllylphenol UGll<G 29 
4·Mellly1pllenot UGll<G I 120 

Ptnlllchl0<ophenol UGll<G 100 504 

Phenol UGll<G 120 876 

1 .2-0tchloro~- I VGll<G 1s; 37 

1.2.4-Trichlorobenz- UGIKG 13! 

1,•·();cnlotot>enz- UGIKG I 26' 1901 

HexacNotobenzene UGIKG I 231 t68 

HexacNO<obuladieN UGIKG 29 2 12 

Bis(2-etnythexyf)p/llJ'lalate UGIKG I 3t00 13870 

Olelllyl phtllalale UGll<G 97 

Oimet11y1 phtllalate I UGIKG 160 1168 

e~ene UGIKG 10 27 

xy1-. UGIKG 12 - UGIKG 10 37 

Alpha clllordane UGIKG 10 37 

Dietdrin UGIKG 10 37 

Gamma-HCH (Undant) UGll<G 10 

Heptachlor UGll<G 10 37 

Total DOD.DOE and DOT UGl!<G 6.9 so 
PCBs. total UGl!<G 130 

PC8s. 101al MGIKG OC 38.0 

O<vanic cai1>on. total % I 
TOia! solds % 

Totalwilahsolds % 

AmmOnia. IOlal MGll<G 

Total Sulrldes MG/KG I 
Fines. percent (silt+day) % 

prelerred reference matcll: 

MyllluS gatlOprovindalb tots: I 
Eot>austotius estuarius toll: 

Nean:nes arenaeeod..-tala tots: I 
Bioassay Pass/Fal: I 
BTs exceeded: 

Bioaccumutalion conducltd: 

Bioacx:umulation PasslFaa: 

Ml rule exceeded: I I I I 
PSOOA deteNnlnallon: 

OMMU volu<Tle (Cu!>c yards): I 
OMMU: I 

Port of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMV: 1C21 1C22 1C23 1C2• 

Rank: H H H H 

1C25 1C26 1C27 I 
H H H 

Ml Cone. VO Cone. VO Cone. lvo Cone. VO Cone. VO Cone. VO Cone. VO 

9.6 1.3IJ 1.S I 2.3 J 3.5 J 3.61 I 
8 10 85 I 110 140 140 

660 110 140 I 160 220 230 

2.1 0.56 0.48 0.23 0.78 0.89 o.33 0.89 

8.1 1.4 3.8 

1600 200 210: I 310 340 

356) I I 
0.838 

670 70 uo 69 uo 130 vo l •solJ 

630 70 VO 89 u o 130 VD 200 

640 70 UO 69 uo 130 VD 

1300 16010 240 0 220 

640 70 VD 53' 0 I 140 0 2!0 I 
2100 I 
3200 7601 I 
6100 700 0 2010 I 
1200 I I I i 130 uo I 
4500 I 580 D 

6800 I I I I 

8000 I 920 0 

5400 I I 
6700 I 800 0 I 
6300 I 81 0, 0 1400 0 1100 I 
5200 97 0 100 130 8310 170 0 I 
7300 10010 580 83010 870' 0 2100 0 12001 I 

51000! 2657 D 2240 3103 326210 6610 0 4422 

690 I I I I I 660 w I I 

73 42 uo I • 2 vo • 79 VO 

540 70UO I 69 VO 130 uo 110 1 

220, • 2 uo I •2 VO 79 uo I I I 

72 35tvo I I I 35 VO i 66 VO I I 
so 351w 35,UO 66W I I I 

1200 130 uo ' I 

690 15o'uo I 11o ;uo 330 uo 

1200 130,UO I 
3SO I I I 
64 211vo I I 2 1;vo 39 uo I 

260 I I I I 
230 42 VO • 2' uo 1 79 'VO I ' 290 56'uo se vo I 1oojvo I 

I I I 

130 VD 

I I I I I 
so I I I I I I I 

160 I I I I I I 
I I . I 15 0 1110 

I I 2 t uo 12 0 1610 I 
I 12 0 12!0 36 D 27 0 

69 22.2 0 21.8 0 23 0 71 D 1U O 96 0 

2500 5 10 0 580 0 285 0 780,0 I t 280 0 2'9 I 1260 0 

I •5.7 0 • 5.0 0 

t.91 I 2 l.71 2.11 I 2.8 1.2 2.8 

6•1 59 6J ai l S4 85 •8 

5.t l 5.5 4.1 8 6.8 3.9 7.51 

931e 90 13iE 130 e 1SO E 68 220 

270 no J 930 J 660 1200 260 2301 

86.1 I 82.4 51.6 85.3 1 82.S 74.6 85.6 

SB SB CG SB SD SB SB 

I I xx I I 
x x I xx x xx 

I xx -
p p p p I F p F 

I I x x 
I 

I 
I I I I I I x I I I I 

p I p p p m+ p 

I F 
3770 '200 3920 I 3790 ---~ - '2.32... 1+ 3950 
tC2t tC22 IC23 tC2• tC'lS IC26 IC27 I 

1C28 I 1C29 I 
H H I 

Cone. VO Cone. lvo 
I I 

I 
I 
I 
I 
I 

1221 I 
0.728 I 

I I 
I ' I 86 D 

I J 

I I 240°0 

l 89 0 

l I : 
I I 
I I 931 0 

I ' 
I 660 0 

I I 810 0 

1690 0 

! 

810 0 

I I 980 D 

as: I 260.0 

640, 2900 0 

1812 I 8522' 0 

I 

' 
I 89 0 

I I 
I I 

i 
I ! 
I I 
I 
I I 
I 
I I 
l 2• VO 

32 uo 

I 
; 
: 

I I 
! 

I I 

I I 

I ! 
I 

I 
11.710 

307 0 

I 
0.67j 1.5 

781 
70 

1.11 3., 

8.7 6.4 E 

270 470 J 

48.3 36.S . 
CG CG I 

I I I 
x I 

p p I 

I 
I 
I 

I I I 
p I p I 

•060 39SO I 
tC28 1C29 1 



ChemaJ Name UnllS Sl BT 

Cadmium MG/KG O.!HI 
Copper MG/KG 81 

LHd MG/KG 66 

Mercury MG/KG 0.21 1.5 

Sliver MGIKG 1.2 4.8 

Zinc MG/KG 160 

TBT (bulk sediment as TBT} UGIKG 

TBT (calculated perewate< IS TBT} UGIL 0.15 

TBT (me"'-"td po1ewatet as T8T} UG/L 0.15 

2~~ UG/KG 87 
~,,. UG/KG 63 

~ UG/KG 8A 
Ml!Vaeene UG/KG 130 

Fluoltne UG/KG 8A 
N1,1>hlhelen1 UG/KG 210 

Ph-ntllltne UGIKG 320 

Tol8l LPAH .UGIKG 810 

Ofbenz(a.h)anth1acene UGIKG 120 

B1nz(1)anth11cene UGIKG 450 

Benzo(a)pyrene UG/KG 680 4964 

Benzo(b+k)lluot1nlhenes UG/KG 800 

Bttlzo(g.hJ)petytene UG/KG 540 

Clvysene UG/KG 870 

Fluolan- UGIKG 630 4600 

tndtno(1.2.3<.d)pyrene UG/KG 69 

PyJ- UGIKG I 430 

TotaJHPAH UGIKG 18001 

Benzolc acld UG/KG 400 

Benzyt alcohol UG/KG 25 

Olt>enzoflKan UG/KG 54 

N·nluosodlptlenyfamine UG/KG I 28 161 

2-Mttllyf Phtnol UGIKG 20 

2,4·0imt1"ytphenol UGIKG 29 

4·Me~nol UGIKG 120 

PtntacNctOpt\enOI UGIKG 100 504 

Phenol UGIKG 1201 8761 

1.2.o.:nlorobenzene UGIKG 191 37 

1.2,4· Trlclllorobenzene UGIKG I 13 

1,4·0ichlotobenlene UG/KG 2S 190 

HuaeNorooenz- UGIKG 23 163 

Htxaenlorobutadiene UGIKG I 29 212 

Bls(2·1lhythtxyf)ptlthala!e UGIKG 3t00J 13870l 

Diethyl ptllhalate UGIKG 97 

Dlme111yf phthalate UGIKG I 160 1168 

Ethylbenztne UGIKG 10 27 

Xy«enes UGIKG 12 

Akll1n UGIKG I 10 37 

Alpha cNo<dlnt UGIKG 10 37 

Oi9ldt1n UGIKG 10 37 

Garrwn.HCH (U>dant) UGIKG 10 

Htpc.tcNor UGIKG 10 37 

Total ooo.ooe and DOT UGIKG u 50 

PCBs. 1otal UGIKG 130 

PCBs, IOtaJ MGIKGOC 38.0 

Organic carbon. 1otal % 

Tolal SOiids % 

Total votatKt soMds % 

Ammonia, loral MGIKG 

Tora1Sul1ldes MG/KG 

Fines. pe1cen1 (lih~y) % 

ptttttred ttftrenca match: 

MyllUs gllop<oYtnciaLS toits; 

eoi..usi~ tstuanus hits: 

NeanlheS lltMCeC>Oentata hils: 

Bioassay Pus/Fai: 

BTs Uetldtd: 

Bloaccu..UaOon con<luc1e<I: 

Bloaccumulallon Pa$$1Fa~: 

MLIV1eexceeded: I I 
PSOOA determination: 

OMMU volume (cublc yards): 

OMMU: 

:tort of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 1C30 1C31 1C32 I 1C33 I 
Rani<: H H H H I 

1C34 

H 

ML Ccnc. VO C«.c:. VO Cone. VO Cone. IVO Cone. VO 

9.8 2.7 J u J UJ S.21J 

810 100 160 160 11ol 
660 200 270 290 m; 
2.1 0.33 0.9 121 0.884, 0.268 

6.1 1.8 2.3 4.7 J 2.4! 

1600 300 I 340 I 4201 450i 

i 145 

' I 0.483 

I I I 
870 1800 I 110010 I 1&00 •0 I 
630 550 0 160 0 340 0 700 0 I 66 0 

&40 150 uo 130 uo 160 uo 
1300 450 0 41010 470 0 440·0 200 0 

&40 160 0 270 0 l 520 0 no:o 74 0 

2100 600 0 240'0 

3200 470 0 490 0 ·1600 0 2100 0 

6100 1824 0 I 1510:0 5430,0 sa10·0 772 0 

1200 150 uo 13o;uoJ 160 uo 

4500 830 0 8A0 10 790:0 t;40 0 

6800 I I I 700 0 

llOOO 14$0 0 I 142010 I 1280 0 960 0 1380 0 

5400 I ' I 
8700 890 0 I 1100,0 HOO 800 0 

6300 2000 0 1900 0 1800 0 1500 0 I 
5200 130 0 330 0 I 24010 I 260 0 I 290 0 

7300 2100 0 310010 I 3000 0 I 2100 0 I 2900 0 

51000 7811 0 I 970010 9030'0 I 6980 0 I 7008 0 

690 830 uo ' 420 uo 

73 If UO I 76 IUO j 9J uo 
540 96 0 1so1uo 130 uo 4$0 0 

220 89luo I 76\UO I 9J uo I 
72 21 uo 74 UO 63 uo Tl uo I 21 uo 

50 1, uo I I I n uo 

1200 I t50 uo I 130'. uo I 160 uo 

690 370 uo I 320,UO I 390 uo 11o!uo 
1200 I 150•UO ; 130'0 I 160 o I I I 
350 I I I I I 

64 44 uo 38 UO I 47 vo , 

260 j I I I I 
230 2s uo I 89 uo 76 uo l 9J VO 25 uo 

290 33luo I 120 uo ' 100JU0 1 120 VO 34fuo 

3100 o I 4200:0 4100 0 l 
150 uo 130 uo 160 uo I 

I I 
50 I 18 

160 I 111 I 41 I 
I I 18,0 22 0 

I 20' 0 I 2s:uo l 2Suo l 
38 0 54 0 s.<Jo 

I 
I I ' 

591 15.6 0 7J 0 
"' 0 

t2flD I 20.7 0 

2500 420 0 I 211010 I 2430)0 I 251D 0 274 0 

I 67.8 0 85.7 0 66.2jO 

1.2 3.2 3.7 3.9 1.2 I 
68 49 45 46..S 70.5 

3.6 7.8 8.7 8.6 3.1 

19 e 1so e 270 260 8.6 

890 2300 1900 1100 440 

41.3 u.s I SS3 I 89.9 I 39.8 

CG SB I SB SB CG I 
xx x I xx 

x xx I xx xx x 
xx xx 

I p F F F l p 

I x x I x I 

I I I x I I x I I x I 
p F F F p 

4030 4030 4030 4030 4030 

I 1C30 1C31 tC32 IC33 1C34 

1C3S 1C36 1C37 1C38 

H H H H 

Cone. VO Cone. VO CM:. VO Cone. VO 

3 J.. 4.2 J 4.1 J 

120 140 I 150 

180 240 I 290 

0.553 1.4 0.814 

4 2.8 

230 340 360 

12luo l 130 I ISO 0 

160 0 240 I 200 0 

nuo f2 uo 
180 560 0 370 I 670 0 

230 0 280 330 0 

820 0 560 1200 0 

650 2500 0 1651 3530 0 

1100 0 710 • I 540 0 

700 790 0 

13e0 1550 0 1100 950 0 

I 
700 1500 0 1200 710 0 

3300 0 1400 0 I 1200 0 

280 370 0 250 I 200 0 

3400 0 4100 0 1700,0 1800 0 

7511 0 13080 0 7218 0 I 8120 0 

I 
43 uo SS UO 

140 0 130 I 140 0 

42 uo I I 55 uo 

36 uo I I 48 uo 

I 36 uo 46 uo 

180 uo 230 uo 

260 I 180 0 

I I 
22 uo I 28 uo 

I 
43 uo 55 uo 
sa uo I 73 uo 

I 4200 0 

I 33 

11 0 21 0 I 21 0 

11 0 25 0 I 2S 0 

20 0 44 0 48 0 

9.4 0 43 0 70 0 t OS 0 

260,0 1370 0 I 222010 I 2200 0 

52.7 0 96.S 0 68.7 0 

1.4 2.8 2.3 3.3 

73.9 59.9 49.7 46.8 

2.5 5.4 7.8 8 

13 98 e 220 240 

390 J 1300 2700 J 1aoo 

29.2 62.1 88.1 87.4 

W8 CG SB I I SB 

xx xx x 
xx xx I I xx 

xx xx 
p I F F I F 

x x I x 

I I x 
p F F F 

4020 4030 4030 4()30 

1C35 1C38 1C37 1C38 



Cllemical Name Units SL BT 

Ctdmium MG/KG 0.96 

Coppet MG/KG 81 

L .. d MG/KG 68 

MerCIMY MG/KG 0.21 1.5 

5'1ve< MG/KG 1.2 4.5 

Zlnc MG/KG 160 

TBT (bulk sediment IS TBT) UG/KG 

TBT (calculated poiawator u TBT) UGI\. 0.15 

TBT (meaSU<ed po1ewater &I TBT) UG/l. 0.15 

2-Me~aphlhalena UG/KG 67 

Aeenaplllhene UG/KG 63 

Aee~ UG/KG 64 

Mllllac- UGIKG 130 -- UGIKG 64 

Nal)hll1aJene UG/KG 210 

Pllenancrvene UG/KG 320 

TolaJLPAH .UGIKG 610 

Oibenz(a.h)anlhracene UGIKG 120 

Benz(a)anwacene UG/KG 450 

Benzo(a)pytene UG/KG 680 4964 

Benzo(t>+~an- UG/KG 800 

8tftlo(g.hJ)petylene UG/KG WI 

~ UG/KG 670 

Flu0<anlhet1e UG/KG 630 4600 

lndeno( t .2.3-c.d)pyrena UG/l<G 69 

Pyrene UG/l<G 430 

TotalHPAH UG/KG 1800 

Benzok acid UG/KG 400 

Benzyt aleonol UG/KG 25 

O.benlauan UG/KG S4 

lk>oll~ UG/KG 28 151 

2·Mttnylphenol UG/KG 201 

2,4·0imelhy1pnenol UG/KG 29 
•-Metnytpnenol UG/KG 120 

PentacNorophenol UGIKG 100 504 

Phenol UG/KG 120 875 

1.2·0ichlorobenztne UG/KG 19 37 

1.2.4· Tric:No<Obenlene UG/KG 13 

1.•·DC:Norot>enzene UG/KG 26 t!IO 

HuacNorobenztne UG/KG 23 168 

Htx&Ct\IO<ot>ull<li- UG/KG 29 212 

B•s(2·etnythexyl)Pll!Nlato UG/KG 3100 13870 

O.etny1 ph11>alate UGIKG 97 

Oimetnyl phthllate UG/l<G 160 1158 

Elhyloenzene UGIKG 10 27 

Xy1enes UG/KG 12 

AA:rin UGIKG 10 37 

Alpl\a cNo<dane UG/KG 10 37 

Oieldtfn UG/KG 10 37 

GammHlCH (UnCane) UG/l<G 10 

Heptacl'llO< UG/KG 10 37 

Total ODO.ODE and DOT UGIKG 6.9 50 

Pees. total UGIKG 130 

PCes.1ota1 MGIKGOC 38.0 

Ol9anic cart>on. Iota! % 

Total soids % 

Tolalvolatilesdids % 

Anvno<lia. tntat MG/KG 

Tolal SUifides MG/KG 

Fin•s. percent (silt-clay) % 

Pftferred reference match: 

Mylilus galtoprOVlnciaNs hits: 

Eohlustorius estuanus hits: 

NeanU'\e$ a1enacecdentata hits! 

Booassay Pass/Fa.I: 

BTs excee<led: 

S.OO<lCUllU•llon Conduc11<1: 

Bloaa:umutatlon Pus/Fail: 

ML rule uceeded: I I I I 
PSDDA determination: 

OMMU vo1Ume (C\ID:C: yards): 

o~•w: I 

'?ort of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 2Ct9 2C20 I 2C21 2C22 
Rank: H H I M M 

ML Cone. VO Cone. l vol Cone. vol Cone. VO 

9.6 UJ I 
810 

660 130 I 
2.1 0.22 0.67 I 0.49, 0.22 

8.1 IA 

tsool I 
I 

I 
I I 

670 I 
630 68 

&401 

1300 170 I 
&401 " 66 

2100 I I 

32001 430 I 
6100 861 J I I 

1200 

4500' 

6800! 
aooo1 I I 
W>O) 
5700 

moi 730 I 
5200 130 I 931 

7300 950 

510001 I 3n5 I 
&!IOI I I I I I I 

731 I I 
Wli j I 
2201 I I I ' I 

n I ' I I I 
so; I I 

1200t I I 

6!IO! 

1200° 

3SO, I 
64 , I 

260 I 

230' I 
290 I I I ! 

I I I I 
I I I 
I 

so; I 
160 I I I 

I I 11 0 I I I 
: 
i 13 0 

! 
I 

69. 11 uo 15 0 

2500 220;uo tSO 0 l 200 uol 
i •7.5 0 I 
I I.JI 2 1.2 1.1 

: 63.3 59.1 61.31 11..cl 
i •.J I 41 3.3 

: 22 160 180 80 

320 J 1000 J NAj NAI 

76 82.9 83.3 •a 

SB se SB I CG 

I xx I 
x xx 

xx 
p I F F p I 

I x 
j 

; I I I I I 
p F NIA p 

2C23 

M I 
Cone. VO 

2.2 J I 

97 

270 

0.81 

t.6 J 

3201 

I 

I 
760 

110 

200 

I 
6501 

20201 
I 

I 

94i 
720 

24741 

I 
I I 

63 

I 
i I 
I 
I I 

110: 

l 
I I 
I 
I 
I 

' 
I 

I 
18,UO 

48 uo l 
88 0 

1a' uo 

18: uo 

151 D 

34SO jD 

95.8 0 

3.61 

58.4 I 
7.4 · 

520~J 
NA, 

n .& I 

SB I 

xx 
xx 
xx 
F 

x 

x I I 
F 

4000 4000 phase 2 24220 27180 

2C19 l 2C20 2C21 2C22 2C23 I 

2C24 I 3COI 3C02 I 3C03 I 
M H H H 

CO<>C. VO CO<>C. VO Cone. VO Co<'C. VO 

- I 

0.22 0.43 0.57 0.2321 

I 

I 

1200 

I 
1500 0 ' 

170 0 I 
I 

360 0 I 
2263 0 I 

I I 
I 
I 

I 
I I 

I I 

I 97 0 120 I 
480 0 870 I 

2347 I 

I I I 

I 80 0 I 
I I 

I 
I 

I I I 

I I 

l 
I I 

I I 
31 vo l I 

I 
I I 

I 

I I 
I 

I 

10 uo 

230 0 

I I 
1.21 1.3 1.3 0.63 

68.2 74.9 59.3 75.8 

• 3.1 3.2 2.3 

220 ta 13 J 4.1 

1200IJ 35 130 35 

59.3 41.• 51.3 I 31.7 I 
CG CG CG l we I 
xx x 
x x 
x 
F p F I p I 

I I I I I 
' F p F p 

19860 3660 3520 4000 

2C2• 3C01 3C02 JC03 



cr-1lcal Name unib SL BT 

Cadmium MG/KG 0.ff 

Copper MG/KG 81 

LHd MG/KG 68 

Mercury MG/KG 0.21 1.5 

Silver MG/KG 1.2 4.8 

Zinc MG/KG 160 

TBT (bulk sediment as TBT) UGIKG 

TBT (caleulaled po<ewater as TBT) UGll 0.1S 

TBT (measured po<ewater as TBT) UGll O.IS 

2~~11\alene UGIKG 87 

~ UGIKG 63 

~ UGIKG 6' 
AllllV~ UGIKG 130 -- UGIKG 6' 
Naph~e UGIKG 210 

Phenenl!V- UGIKG 320 

Total LPAH .UG/KG 510 

Q;beru(a.h)anlhrac:ene UGIKG 120 

8t1U(l)&ll111'1Ctne UGIKG 450 

Benzo{•)PY'""' UGIKG 680 49M 

ll..uo{b+lc)lluotantllenes UGIKG 800 

ll..uo{g./IJ)pefyt- UGIKG 5.a 
Clvysene UGIKG 570 

Auoranctlent UGIKG 630 '600 

lndeno( 1.2.3-c,d)pyfene UGIKG 69 

Pyr- UGIKG qo 

Tolal HPAH UGIKG 1800 

Btnzolc acid UG/KG .00 
Benzyt a1C:cl>ol UGIKG 2S 

[);Denzof\nn UG/KG 5' 

N·nltrosodipt>enylamine UG/KG 28 161 

2·M8tl>ylphenol UGIKG 20 

2.4·0tmetl1ytpl>4nol UG/KG 29 
4-Me#lytphenol UGIKG 120 

p~ UGIKG I 100, 504 
Pnenol UGIKG 120 878 

1.2·0icHo<obenzene UGIKG 19 37 

1.2.• ·Tllc:Norooenzene UGIKG 13 

1.4·0icHo<"'*>ztne UGIKG 26 190 

Heuehlot~nzene UGIKG 23 168f 
Hulc:NorOOUladlene UGIKG 29 212 

811(2 .. lhytlexyf)phlhalate UGIKG 3100 13670 

Oletl>yl pllNlltt UGIKG 97 

Olmetllyt phtllalate UGIKG 180 1188 

Etllylbenune UGIKG 10 27 

Xytenes UGIKG 12 

Aldttn UGIKG 10 37 

Alpha cNordane UGIKG 10 37 

Oie1dl'<\ UGIKG 10 37 

G-.HCH (Undant) UGIKG 10 

HepcacNct UGIKG 10 37 

Total 000.00E and OOT UGIKG S.9 50 

PCBs.loW UGIKG 130 

PCBs, loW MG/KGOC 36.0 

Organic C&lbot>. total % 

Total SOiids '% 

Total vola~ sofids % 

AmmOnla. lolaJ MG/KG 

Total Sultldes MG/KG 

Fines. pen:ent (slt+day) % 

p<elerred rtlerence maleh: 

My*4 galOl)tM>c:ialis hits: 

EOllauSlorills estuarius hits: 

N-lllNCeedentata hits: 

Bioassay PUSIF al: 

BTs el<CffCed: 

Blotoeumula~on Oonducied: 

Bloaccvrnitatlon Pass/Fail: 

ML rule txe<ieded: I I 
PSDOA dttermlnatlon: 

OMMU v- (cubic yards): 

OMMU; 

Port of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMV: 3C04 I 3C05 3C06 3C07 

Rank: H H H M 

ML Cone. VO Cone. VO Cone. VO Cone. Iva 
9.6 

810 

600 79 

2.1 1.05 0.92 

6.1 

1600 I I I 
I I 

I I 
670 I I 
630 

6'0 I 
1300 140 I 
6'0 

2100 

32001 
6100 I I 1091 I 
1200 I I I 
4500 I I I 
eaoo I 
8000 I I 
5400: I I 
6700: I I 
6300 I I I 
5200 75 , I 170 I 
7300 4701 1100 0 I 

S10001 I I 3680 0 I 

6901 I I I I 

n: I I I I 
s.a, I I I I 
220 I I I I I 
n 1 I I I I 
sol i • ' I 

12001 I ' j 

6901 I ' I I I 
1200 I I I I I I I 
350 I I I ' I I I 
6' I I I I I 

260 I ; I I I 

' 
230 I I I I 
290 I ' I I 

I ' 
I I 

I 

I I I I I j 

so; I I I 
1601 I I I I 

I I I 
I I I 

I 
I 

69j I I 13.3 o I I 
25001 I I 

I I 
I o.a1 i 2 I 0.981 1.1 

62.81 67.9 71.2 69.7 

3.4 3.7 2.8 2.61 

13,J 23 J 2.S 21!J 

110 190 I 53 I NA 
I n2 I 53.3 I 43.3 I 52.4 I 

SS I I CG CG I CG I 
I I i 

I xx I x i 
1 

I F p p p I 
I I I I I 
I I 

I I 

I I I I I I I I I 
I F I p p p 

4000 3240 3360 24900 

3C04 3C05 I 3C06 3C07 I 

~1 l.MCGI lMCG2 LMSBI I lMS82 

H Pl Rel Pl Rel Pl Rel Pl Rel 

Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO 

2.7 -
110 

. 150 

0.68 

2.5 

230 

I 

I 
I I I 

1500 

90 0 

I 

I 
I 

810 0 

I 
760 0 

210 0 

1100 0 

'300 0 I I 

I I I 
3.3'U0 27UJ 

SS UO 

3.3IUO I I I 
27 uo 22 J 

I 
140 uo 110UJ 

I I 130,J I I 
I I 

1s'uo I 
I 

3.3
1
UO I 24 UJ 21lw 

... ,uo I I 33 UJ :1&lw 

I I 

I 

11 0 I 
11 uo 

18 0 

3610 

93010 

46.S 0 I 
2' 1 1.2 2.3 2.3 

S1 .8 58 53 33.9 32.6 

6.S 4.2 4.5 7.S 7.3 

98 25 26 26 29 

750 74 J 130 570 J 660 

84 5 S9.9 70.7 74.9 I 82.1 

SB CG CG SB SB 

xx 

F 

x I 

I 

I I I 
F 

4000 -· 
4COI LMCGI LMCG2 LMSBI LMSB2 



Cllemlcal Name Units SL BT 

Cadmium MG/KG o.~6 

Copper MG/KG 81 

LHd MGll<G 66 

Me<cwy MG/KG 0.21 1.S 

s;lver ~iG/l(G 1.2 4.8 

Zinc MG/KG 160 

TBT (llulk sediment as TBT) UGIKG 
TBT (calculated pc<awa1er as TBT) UGI\. 0.15 

TBT (measured porewalor as TBT) UGI\. 0.15 

2·Methytnaphlhal4ne UGIKG 67 

Aeenaplltnene UGIKG 63 

Aetnaplllhy!ene UGIKG 64 

An#lracene UGIKG 130 

Fluot- UGIKG 64 

Naphlllal<!oe UGIKG 210 

Pllenanllvene UGIKG 320 

TolallPAH yGIKG 610 

O.benz(a,h)an11Vac1111 UG/KG 120 

Benz(a)anuvacene UGIKG 450 

Benzo(a)pyr.,,. UGIKG 680 496' 

Benzo(i..k)nuotanll'le"8s UGIKG 800 

Btnzo(gJv")pefylene UGIKG 540 

Crvysene UGIKG 670 

Flue<anll\ttle UGIKG 630 4600 

lndeno(l .2.J.e.d)!>yrtne UGIKG 69 

PyTene UGIKG 430 

TotalHPAH UGIKG 1800 

Btnzoic acid UGIKG 400 

Btnzyl alcohol UGIKG 25 

Otl>enzof\Kan UGIKG 54 

N-Rllosodpl\enylal1W UGIKG 28 161 

2-Memytphenol UGIKG 20 

2 ... 0lmet!!ytph"""' UGIKG 29 

•-Melhy!pllenol UGIKG 120 

PenlaChloropllenol UGIKG 100 504 

Pnenol UGIKG 120 876 

1.2·0icNofol>enztne UGIKG 19 37 

1.2 ... Tricnlotol>enz- UGIKG 13 

1 ... 01c111oro1>enzene UGIKG 26 180 

HtxacNorO!JenZ- UGIKG 23 168 

Htxac:NofOCUla~ne UGIKG 29 212 

81$(2 .. lllylhexyt)pll~t• UG/KG 3100 13870 

Oitlhy! pll!nalatt UGIKG 97 

O.mel/lyt phtl1aiate UG/KG 160 1168 

Einylbenzene UGIKG 10 27 

Xylenes UGIKG 12 

Alclrln UGIKG I 10 37 

AIQl>a chlordane UGIKG 10 37 

O.tldrin UGIKG 10 37 

Gamma-HCH (Und1n1) UGIKG 10 

Heptaclllot UGIKG 10 37 

Total ooo.ooe and DDT UG/KG 6.9 so 
PCBs, IOtal UG/KG 130 

PCBs, IOlal MGIKGOC 38.0 

Organic c:arbon. total % 

To~solds % 

TOW wt.tth sold$ % 

AmmOnla. 10tal MG/KG 

Total Sur.Ides MG/KG I 
F1nes. percent (sin+day) % I 
pflfe<red reference match: 

My~lus gallop<ovlnciaSs /\its: 

EonaUSlorius estuattus llits: I 
NeanU>es arenauoclentata /\its: 

~ssay Pawfai: I 
BTsexceede<I: I 
S.Oaa:umulation c:<>nd\Jettd: I 
Bloaccunuation Pass/Fall: 

Ml rule exceeded: I I 
PSOOA determinaUon: 

OMMU volume (cubic y&1ds): 

DMMU: I 

,ort of Seattle Terminal 18 (95-02133) 
PSDDA Evaluation Summary 

OMMU: 1C07B I 1C08B 1C37B 1C42B I 1C43B 

Ranlc: M M M M M I 
ML Cone. VO Cone. VO Cone. VO cone. VO Cone. 

9.6 1.4 I 
810 

660 100 

2.1 0.546 0.268 0-~1 I 
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8601 380 3700 170 NA 

93.9 I 91 .5 97.3 62.S I 27 
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1C48B 1C48NB I 1C43SB 1C49B 
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Cone. VO Cone. VO Cone. VO Cone. VO 

I 
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0.445 
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I 
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I I 
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Clltm<c:al Name Units SL 

Ctdmlum MG/KG 0.118 

Co!>Pet MGIKG 81 

Lead MG/KG 66 

MttCU1y MG/KG 0.21 

Silver MG/KG 1.2 

Zinc MG/KG 160 

TBT (t>Uksedlment as TBT) I UGIKG 
TBT (calculated po<ewal1< u T8T) UGI\. 

TBT (measured po<ewattt .. TBT) UGI\. 

2·Meltlytnaphthalene UGIKG 87 

ACl<'lpl\thene UGIKG 63 

Aeenaphltlytene UGIKG 64 

AntlVacene UG/KG 130 

Auotene \JG/KG 64 

Naphthalene UG/KG 210 

Pllenantlvene UGIKG 320 

TolallPAH - I UG/KG 6t0 

Olbenz(a,h)anthtacene UG/KG 120 

Benz(a)ant/Vacene UGIKG 450 

Benzo(a)pytene UGIKG 660 

Ben2o(1>+~anlhene1 \JG/KG aoo 
Benzo(g.11.l)perytene UG/KG 5'0 
Clwysene UGIKG 670 

Fluo11n11>ene UGIKG 830 

lndeno( 1,2,3-c,d)pyrent UGIKG 69 

Pyrane UG/KG 430 

TolalHPAH I UG/KG 1800 

Benzoic acid UGIKG ~ 

Benzyt alcohol UG/KG 25 

Ol!>enlolutan UGIKG Sol 

N-nluosodlph8")'lamine UG/KG 28 

2·Mtltlytpl\enol UGIKG 20 

2.4-0ime1h)'tpllenol UGIKG 29 

4-Mtlhytphencl UGIKG 120 

Ptnlaehlo<ophenol UGIKG 100 

PntnOI UGIKG 120 

1,2-0lchfotobenzene UGIKG 19 

t ,2.4-Ttk;hlo<obenzene UGIKG 13 

1,4.0ichfo<obenzene UGIKG 28 

Ht•-obenzene UGIKG 23 

He•-ooutadiene UG/KG 29j 

Bls(2-4111ly111exyl)pl\thalal• UG/KG 3100 

~lnyl pl\lllalalo UG/KG 97 

Olmetny1 phthalalo UG/KG 160 

Elhy1Denzene UG/KG 10 

Xylenes UGIKG 12 

Alclrin UG/KG 10 

Alpha chlo<dane UG/KG 10 

OltldM UG/KG 10 

Gamma·HCH (Undane) UGIKG 10 

HtptachlOI UGIKG 10 

Total DOD.ODE and DOT UG/KG u 
PCBs, IOtal UG/KG 130 

PCBs.lolal MGIKGOC 

O<gank: cat!IOn, total I % 

Total sollds % 

Tolal volaUle solids % 
Ammonia, total MG/KG 

Total Sulfides MG/KG 

Fines. pe1cetlt (silt+day) % 

prelened reference malcl'I: 

My11tus gaDoprovinclalls hl1s: I 
Eoheustorlus eswarlus hits: 

Neanthes areoaceodentala hlls: 

81oassay Passlfd: 

BTstxceeded: I I 
8'oaccumJtation conducted: 

Bloaoc:umula lion Passlf all: 

M~ niee exceeded: I I I 
PSDOA detemlinallon: 

OMMU volume (cublc y11d1): 

OMMU: 

Port of Seattle Terminal 18 (95-02133} 
PSDDA Evaluation Summary 

OMMU: 1CS5XSB1 2C01B 2C02B I 2COGB 

Ra/lie M M M M 

BT Ml Cone:. VO Cone. VO Cone:. I va Cone. 

u I I 
810 99 

660 I 
1.5 2.1 0.491 

4.6 6.1 

1600 I I 
I 

0.15 I 
0.15 I 

670 I 
630 78 I 
640 

1300 I 
640 I 

2100 I I 
3200 I I 
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1200 I I I 
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51000 2342 i I 
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S40 I I 

161 220 I I 
72 I I I I 
50 I I I I I 

1200 I I 
504 5901 I . I 
876 1200! l I ! 
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1168 I I 
27 50 I 1 I 
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37 13 J I I I 
37 I 
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50 69 17.3 
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1.2 o.n o.~ I 1.2 
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30 9.4 32 I 170 
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1 xx 
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p p p F 
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CAPGEO SEQBAV WESBEC 
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VO Cone:. VO Cone. VO Cone. VO 
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35 u 

58 u 

35 u 

29 u 

150 u 

17 u 

35 u 

47 u 
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63.8 23 78 

3.S 9.3 0.85 

29 51 18 

26 J 340 J 25 J 

50.7 85.2 4.S 

CG SB we 

I I 

CAPGEO SEOBAY WESBEC 



BT:! 1.5 

1C03 

1C04 

1C05 

1C12 
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1C14 
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1C17 

1C19 

1C20 
1C25 
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1C51 1.7 
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2C03 
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2C13 

2C1 4 

2C15 
2C16 

2C17 1.6 

2C18 1.5 
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2C23 
4C01 

1C08B 
1C378 

-'ort of Seattle Terminal 18 (95-02133) 
Bioaccumulation Trigger Exceedances 
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Port of Seattle Terminal 18 (95-02133) 
PSDDA Maximum Level Exceedances 
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Sediment Total calculated measured 
Tributyltin organic porewater porewater 

DMMU (ug/kg dw) VO carbon TBT (ug/1) TBT (ug/1) 
1C03 671.0 D 0.0130 2.065 0.105 

1C04 1124.8 J 0.0140 3.214 0.207 

LO DMMU 
1C32 
1C33 

Port ot Seattle l erminal 1 8 
Phase 1 TBT Testing 

Sediment Total calculated 
Tributyltin organic porewater 
(ug/kg dw) VO carbon TBT (ug/1) 

158.1 o.0370 I 0.171 

136.6 0.0390 0.140 
I 

I II 
1C05 331.8 0.0093 1.427 I 0.209 11 1C34 144.9 0.0120~ 
1C06 307.4 0.0095 1.294 0.060 1C35 67.6 0.0140 0.193 
1C07 9.5 0.0170 0.022 1C36 84.7 0.0260 0.130 
1C08 1.2 u 0.0120 0.004 1C37 116.9 0.0230 I 0.203 
1C09 211.8 0.0083 1.021 0.084 1C38 132.0 o.0330 I 0.160 
1C10 256.2 0.0120 0.854 0.084 1C39 96.6 0.0480 0.081 
1C11 118.8 O.Q160 0.297 na 1C40 145.2 0.0100 I 0.581 
1C12 104.4 0.0170 0.246 na 1C41 43.2 0.0052 1 0.332 
1C13 407.5 0.0084 1.940 0.059 u 1C42 47.8 0.0140 0.137 
1C14 67.6 0.0180 0.150 1C43 89.1 0.0230 I 0.155 
1C15 205.0 0.0092 I 0.891 I 0.031 u 1C44 397.7 0.0360 0.442 
1C16 40.7 0.0190 0.086 1C45 113.2 0.0540 0.084 
1C17 66.4 0.0260 0.102 1C46 150.5 0.0110 I 0.547 

1C18 119.1 0.0096 0.496 0.039 J 1C47 111.3 0.0130 I 0.342 
1C19 57.8 0.0250 0.093 1C48 47.8 0.0160 0.120 
1C20 94.9 0.0230 I 0.165 I na 1C49 134.4 0.0220 1 0.244 

1C21 17.8 0.0190 0.038 1C50 32.5 0.0150 0.087 
1C22 39.8 0.0200 0.080 1C51 81.3 0.0350 0.093 
1C23 356.2 0.0170 0.838 0.081 1C53 1.3 0.0150 0.003 
1C24 8.8 0.0210 0.017 1C54 1.5 0.0170 0.003 
1C25 31.2 0.0280 0.045 1C55 9.3 0.0170 0.022 
1C26 3.8 0.0120 0.013 1C56 3.2 0.0170 0.007 
1C27 61 .0 0.0280 0.087 1C57 1.2 u 0.0100 0.005 
1C28 122.0 0.0067 0.728 0.059 2C01 9.9 0.0078 0.051 

1C29 61.7 0.0150 0.165 na 2C02 6.8 O.Q190 0.014 

1C30 35.6 0.0120 0.119 2C03 2.8 0.0160 0.007 

1C31 82.0 0.0320 0.102 2C04 68.1 0.0120 1 0.227 

Note 1: all concentrations are shown ' as TBT' 
Note 2: Phase 1 bulk sediment TBT data were validated by EcoChem; Phase 1 porewater data were not validated. 
na = not analyzed 

I 
I 

I 
I 

I 
I 
I 

I 

I 

measured Sediment Total calculated measured 
porewater Tributyttin organic porewater porewater 
TBT (ug/1) LO DMMU (ug/kg dw) VO carbon TBT (ug/1) TBT (ug/1) LO 

na 2C05 7.3 0.0130 0.022 , 
2co9 4.0 0.0180 0.009 

0.046 2C07 182.0 0.0220~ na 
na 2C08 87.4 0.0160 0.218 na 

2C09 74.2 0.0260 0.114 
na 2C10 130.8 0.0240 I 0.218 I na 
na 2C11 159.8 o.0360 I 0.178 I na 

2C12 65.6 0.0190 0.138 
0.037 u 2C13 32.7 0.0190 0.069 

na 2C14 94.9 J 0.0470 0.081 
2C15 194.2 o.0420 I 0.185 I na 

na 2C16 199.8 o.o36o I 0.222 I na 
0.030 u 2C17 38.5 0.0520 0.030 

2C18 30.5 0.0420 0.029 
0.041 J 2C19 15.4 0.0130 0.047 

na 2C20 87.1 0.0200 I 0.174 I na 
2C21 1.2 u 0.0120 0.004 

na 2C22 1.2 u 0.0110 0.004 
2C23 21.4 0.0360 0.024 
2C24 2.0 0.0120 0.007 
3C01 9.5 0.0130 0.029 
3C02 9.5 0.0130 0.029 
3C03 13.8 0.0063 0.088 
3C04 9.9 0.0081 0.049 
3C05 47.6 0.0200 0.095 
3C06 23.0 0.0098 0.094 
3C07 1.2 u 0.0110 0.004 
4C01 145.2 0.0200 I 0.290 I na 

na 
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Port of Seattle Terminal 18 (95-02133} 
Phase 1 TBT Evaluation - "Worst-Case Scenario" 

Sediment Total calculated measured ratio of 
Tributyltin organic porewater porewater measured: 

DMMU (ug/kg dw) VQ carbon TBT (ug.11) TBT (ug/I) LQ calculated 

1C04 1124.8 J 0.0140 3.214 0.207 0.064 
1C03 671.0 D 0.0130 2.065 0.105 0.051 
1C13 407.5 0.0084 1.940 0.059 u 0.030 
1C05 331.8 0.0093 1.427 0.209 0.146 
1C06 307.4 . . 0.0095 1.294 0.060 0.046 
1C09 211.8 0.0083 1.021 0.084 0.082 
1C15 205.0 0.0092 0.891 0.031 u 0.035 
1C10 256.2 0.0120 0.854 0.084 0.098 
1C23 356.2 0.0170 0.838 0.081 0.097 
1C28 122.0 0.0067 0.728 0.059 0.081 
1C40 145.2 0.0100 0.581 0.037 u 0.064 
1C46 150.5 0.0110 0.547 0.041 J 0.075 
1C18 119.1 0.0096 0.496 0.039 J 0.079 
1C34 144.9 0.0120 0.483 0.046 0.095 
1C44 397.7 0.0360 0.442 0.030 u 0.068 
1C47 111.3 0.0130 0.342 na 
1C41 43.2 0.0052 0.332 na 
2C07 182.0 0.0220 0.331 na 
1 C11 118.8 0.0160 0.297 na 
4C01 145.2 0.0200 0.290 na 
1C12 104.4 0.0170 0.246 na 
1C49 134.4 0.0220 0.244 na 
2C04 68.1 0.0120 0.227 na 
2C16 199.8 0.0360 0.222 na 
2C08 87.4 0.0160 0.218 na 
2C10 130.8 0.0240 0.218 na 
1C37 116.9 0.0230 0.203 na 
1C35 67.6 0.0140 0.193 na 
2C15 194.2 0.0420 0.185 na 
2C11 159.8 0.0360 0.178 na 
2C20 87.1 0.0200 0.174 na 
1C32 158.1 0.0370 0.171 na 
1C20 94.9 0.0230 0.165 na 
1C29 61.7 0.0150 0.165 na 
1C38 132.0 0.0330 0.160 na 
1C43 89.1 0.0230 0.155 na 

Note 1: all concentrations shown are "as TBT" 
Note 2: the highest ratio of measured-to-calculated TBT appears in the box 
na = not analyzed 

calculated 
times 

highest ratio 

0.050 
0.049 
0.048 
0.044 
0.043 
0.036 
0.036 
0.033 
0.033 
0.032 
0.032 
0.030 
0.028 
0.027 
0.026 
0.026 
0.025 
0.024 
0.024 
0.023 
0.023 

mean Macoma mean Nephtys 
tissue TBT tissue TBT 
(mg/kg ww) (mg/kg ww) 

2280 2070 

650 127 

. 
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primary secondary 

DMMU %fines reference reference 

1C03 26.2 WB CG 
- · 

1C04 36.2 CG WB 

1C05 23.2 WB CG 

1C06 32.4 WB CG 

1C07 90.4 SB CG 

1C08 94.6 SB CG 

1C09 45.3 CG SB 

1C10 39 CG WB 

1C11 74.2 SB CG 

1C12 78.5 SB CG 

1C13 24.2 WB CG 

1C14 44.3 CG SB 

1C15 70.5 CG SB 

1C16 71.6 CG SB 

1C17 87.4 SB CG 

1C18 41.3 CG SB 

1C19 72.6 SB CG 

1C20 83.5 SB CG 

1C21 86.1 SB CG 

1C22 82.4 SB CG 

1C23 51.6 CG SB . - .. - .. ~ - ~·· ....... _ .. __ ··-·-.. -------
1C24 85.3 SB CG 

1C25 82.5 SB CG 

1C26 74.6 SB CG 

1C27 85.6 SB CG 

1C28 48.3 CG SB 

1C29 36.5 CG WB 

1C30 41.3 CG SB 

1C31 88.5 SB CG 

Phase 1 reference sediment fines content: 

Port of Seattle Terminal 18 (95-02133) 
Phase 1 Bioassay Reference Comparisons 

primary secondary 

DMMU %fines reference reference 

1C32 88.3 SB CG 
1C33 89.9 SB CG 

1C34 39.8 CG WB/SB 

1C35 29.2 WB CG 

1C36 62.1 CG SB 

1C37 88.1 SB CG 

1C38 87.4 SB CG 

1C39 81 SB CG 

1C40 34.3 CG WB 

1C41 21.2 WB CG 

1C42 33.1 WB CG 

1C43 71.9 CG SB 
1C44 80.5 SB CG 

1C45 63.7 CG SB 

1C46 40.1 CG SB 

1C47 31.6 WB CG 

1C48 53.3 CG SB 

1C49 77.6 SB CG 

1C50 75 SB CG 

1C51 76.3 SB CG 

1C53 79.3 SB CG -· ....... _,_ ·-·-·--- ---·-___ .......... _ . 
1C54 89 SB CG 

1C55 70.3 CG SB ----
1C56 61.3 CG SB 

1C57 37.5 CG WB 

2C01 39.3 CG WB 

2C02 67 CG SB 

2C03 63.9 CG SB 

2C04 75.1 SB CG 

DMMU % fines 

2C05 94.2 

2C06 93.2 

2C07 87.2 

2C08 74.5 

2C09 77.7 

2C10 75.1 

2C11 85 

2C12 73.8 

2C13 51.3 

2C14 87 

2C15 83.2 

2C16 76.4 

2C17 29.3 

2C18 54 

2C19 76 

2C20 82.9 

2C21 83.3 

2C22 48 

2C23 72.6 

2C24 59.3 

3C01 41.4 

3C02 51.3 

3C03 31.7 -·-
3C04 77.2 

3C05 53.3 

3C06 43.3 

3C07 52.4 

4C01 84.5 

WB = 1.3% (historical average), CG= 65.3% (mean of 2 replicates), SB= 78.5% fines (mean of 2 replicates). 

primary 

reference 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

SB 

CG 

SB 

SB 

SB 

WB 

CG 

SB 

SB 

SB 

CG 

SB 

CG 

CG 

CG 

WB 

SB 

CG 

CG 

CG 

SB 

Dividing lines taken half way between WB and CG (33.3%) and halfway between CG and SB (71.9%) for primary reference comparisons. 

secondary 

reference 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

CG 

SB 

CG 

CG 

CG 

CG 

SB 

CG 

CG 

CG 

SB 

CG 

SB 

SB 

SB 

CG 

CG 

SB 

SB 

SB 

CG 

CG is secondary reference for all WB and SB comparisons; secondary reference for CG sediments based on dividing line between WB and SB (39.9%). 
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testina 
batch 

Phase 1 - 1a 

Phase 1 - 1b 

. . 

Phase 1 - 2a 

Phase 1 - 2b 

Phase 1 - 3a 

Phase 1 • 3b 

Port of Seattle Terminal 18 (95-02133) 
Ammonia Purging - Amphipod Bioa~say 

porewater 
initial concentration 

purging porewater at time of 
time concentration testing 

(days) DMMU (mg/I) {mg/I) 
0 1C47 4.3 

1C41 5.2 
1C46 4.6 
1C35 8.1 
2C19 10.5 
2C03 9.0 

20 2C18 243.6 8.5 
2C20 62.7 8.3 
1C37 62.7 2.0 
1C56 69.8 12.2 
1C42 16.9 1.7 
1C48 26.9 2.8 
1C49 44.4 7.1 
1C22 33.7 3.5 
1C20 46.2 4.9 
1C55 65.1 9.4 
1C43 34.4 6.1 
2C24 145.4 16.2 

0 1C9 13.6 
1C10 6.9 I 

18 1C7 92.4 5.1 I 
1C8 72.8 7.1 I 

2C21 86.3 6.8 
1C16 61.7 4.3 
1C26 35.8 5.7 
2C11 120.4 9.8 
2C12 28.5 5.4 
1C11 24.7 2.6 
4C1 I 30.9 4.8 I 
1C27 70.3 6.0 
1C12 27.2 2.9 
2C6 62.9 3.7 
2C13 27.2 6.2 
2C22 55.5 6.2 
2C7 62.9 4.6 
2C8 56.8 3.7 

0 1C23 5.3 
2C2 13.7 
1C6 16.8 

1C40 4.5 
1C5 4.7 
1C3 5.6 
1C28 6.6 
2C4 5.8 
2C1 3.6 

18 2C5 25.8 1.4 
2C10 47.0 3.6 
2C14 164.3 1.8 
1C19 52.7 1.6 
2C16 245.9 4.2 
1C17 47.3 3.5 
1C14 41.8 2.5 
2C15 177.9 1.2 
2C9 85.3 1.2 

amphipod hits 
X ::: two-hit rule 

XX ::: one-hit rule 

xx 
x 
xx 

x 

x 
x 
x 
xx 
x 
x 

x 
x 
xx 
xx 
x 
x 
xx 
x 

xx 
xx 
x 
xx 

x 
xx 

x 

xx 

xx 
xx 
xx 
xx 
xx 

xx 
xx 
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testing 
batch 

Phase 1 - 4a 

Phase 1 - 4b 

- . 

Phase 1 - Sa 

Phase 1 - Sb 

Phase 2 - A1a l 
Phase 2 - A1b 

Port of Seattle Terminal 18 (95-02133) 
Ammonia Purging - Amphipod Bioassay 

I I porewater I 
initial concentration I 

puroino oorewater at time of I amphipod hits 
time concentration testino I X = two-hit rule 

(days) DMMU (mg/!) (mg/!) I XX = one-hit rule 

0 1C13 9.1 I xx 
1C1S 10.S I 
1C30 10.S I x 
1C29 6.2 I x 

14 1C36 S1.3 5.3 I xx 
1C44 60.7 6.7 l x ' 
1CSO 37.6 8.2 I 
1CS7 S6.S 1S.3 I 
1C2S I S8.6 1.7 I xx 
1CS3 62.8 9.S I 
2C17 I 319.4 10.4 I xx 
1C31 ss.s 3.5 : xx 
1C21 S7.1 1.2 i 

1C24 S2.3 4.6 x 
1C18 23.0 1.2 

0 3C4 6.3 ! xx 
3C7 18.8 I 

3C1 12.4 
3C2 I 7.0 i x 
3C3 I 3.6 I 

3C6 2.4 
3C5 14.4 i x 
1C34 4.1 I x 
1C4 6.3 I x 

18 1C32 I 84.9 3.4 I xx 
1C33 I 84.9 2.8 xx 
1CS1 65.3 2.8 xx 
1C54 141 .2 I 10.3 l x 
2C23 146.1 10.8 xx 
1C39 1S8.4 8.9 I xx 
1C38 7S.1 3.1 I xx 
1C4S I 116.7 4.2 I x 

0 I 2C1B I 8.S . 
2 1 1C7B I 99.3 9.2 I x 

1C8B 107.9 16.2 I 
1C35B 23.7 S.4 I 
1C37B 83.1 0.9 I x 
1C42B 71.7 11.6 I x 
1C43B 67.1 7.8 I 
1C48B 66.0 6.2 I x 

1C48NB I 68.3 9.7 I 
1C48SB I 36.3 9.4 I 
1C49B I 89.9 11 .3 _L ___ 2 __ 

1CSSXSB 31.7 6.2 __ l _ _____ 
2C2B I 28.3 3.S I =i-- -- ---2C6B 85.4 5.4 -·----- --I __ ! __________ 

I 1----
---i--·------
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batch treatment 

Phase 1 - 1a control 
WB 
CG 
SB 

1C35 
1C41 
1C46 
1C47 
2C3 

2C19 
Phase 1 - 1b control 

WB 
CG 
SB 

1C48 
1C56 
1C20 
1C22 
1C42 
1C43 
1C49 
2C20 
2C24 
1C37 
1C55 
2C18 

Phase 1 - 2a control 
WB 
CG 
SB 
1C9 

1C10 
Phase 1 - 2b control 

WB 
CG 
SB 

1C11 
2C13 
2C22 
1C7 

1C12 
1C16 
1C26 
2C7 
2C1 2 
1C8 

1C27 
2C6 
2C8 
2C11 

Port of Seattle Terminal 18 (95-02133} 
Amphipod Bioassay Interpretation 

meets DMMU reference statistically 
mean % performance > 20% over comparison different? 
survival standard? control? I used (p = .05) 

98.8 y 
96 y 
86 y 
83 y 
88 N 
91 N 
89 N 
93 N 
81 N 
73 y SB N 

99.4 y I 
98 y 
89 y 
78 N 
85 N 
81 N 
60 y CG y 
71 y CG y 
71 I y WB y 
67 I I y I CG y 
70 y I CG y 
68 y CG y 
75 I y I CG y 
54 I 

I I y I CG y 
50 I y I CG y 

51 y I CG y 
99.4 

' 
y ! I 

97 y I I 
79 I N ' 

I 

87 I y I I 
85 N 
75 I I y I SB y 

99.4 I y I 
96 I y I 

I 

84 I y I 
91 I y I 
83 N 
93 I I N I 

92 I N 
64 I I y SB y 
78 y SB y 
70 I y CG y 
77 I y SB y 
70 I . y SB y I 

67 . y SB y I 

54 I y SB y I 

43 I y SB y 
I 

54 I y SB y 
56 I y SB y 

I 

45 I . y SB y I 

Page 1 

DMMU_ 
> 30% over 
reference? hits 

N x 
N x 
N x 
N x 
N x 
N x 
N x 
y xx 
y xx 
y xx 

N x 

N x 
N x 
N x 
N x 
N x 
N x 
y xx 
y xx 
y xx 
y xx 
y xx 



batch treatment 

2C21 
4C1 

Phase 1 - 3a control 
WB 
CG 
SB 
1C3 
1C5 
1C6 

1C23 
1C2& 
1C40 
2C1 
2C2 
2C4 

Phase 1 - 3b control 
WB 
CG 
SB 

1C14 
2C5 

1C17 
1C19 
2C9 

2C10 
2C14 
2C15 
2C16 

Phase 1 - 4a control I 
WB 
CG 
SB 

1C15 
1C29 
1C30 
1C13 I 

Phase 1 - 4b control 
WB 
CG 
SB 

1C18 
1C21 
1C50 
1C53 
1C57 
1C24 
1C44 
1C25 
1C31 
1C36 

Port of Seattle Terminal 18 (95-02133) 
Amphipod Bioassay Interpretation 

meets DMMU reference statisticallv 
mean% performance > 20% over comparison different? 
survival standard? control? used (p = .05) 

57 y SB y 

46 y SB y 
100 y 
94 y 
87 y 
97 y 

81 N 
90 N 
92 N 
82 N 
86 N 
84 N 
92 N I 
61 y CG y 

66 y SB I y 

99.4 y I 
100 y 
96 y 

92 y 

89 N 
66 y SB N 
60 y SB y 
61 y SB y 

58 I y SB y 

61 y SB y 
30 y SB I y 

38 y SB y 

26 I y I SB y 

98.8 y 

98 y 

68 N I I 
94 y I 
86 N 
77 y WB y 

69 y SB y 

67 y WB y 

92 y 
99 y 

92 y 
93 y 
95 N 
87 N 
73 N 
85 N 

92.5 N 
64 y SB I y 
68 y SB y 
49 y SB y 
55 y SB y 
56 I y CG y 

Page 2 

DMMU 
> 30% over 
reference? hits 

y xx 
I y xx 

N x 
y xx 

y xx 
y xx 
y xx 
y xx 
y xx 
y xx 

I y xx 

N x 
N x 
y xx 

N x 
N x 
y xx 
y xx 
y xx 
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batch treatment 
2C17 I 

Phase 1 - Sa control 
WB 
CG 
SB 

3C1 
3C3 
3C6 
3C7 
1C4 
3C2" 
3C5 
1C34 
3C4 

Phase 1 - Sb control 
WB 
CG 
SB 

1C45 
1C54 
1C32 I 
1C33 
1C38 
1C39 
1C51 
2C23 I 

Phase 2-A1a control 
WB 
CG 
SB 

2C1B I 
Phase 2 -A1b control 

WB 
CG 
SB 

1C48SB 
1C48NB 
1C43B 

1C55XSB 
1C8B 
2C2B 
2C6B 
1C48B 
1C49B 
1C37B 
1C42B 
1C7B 

Port of Seattle Terminal 18 (95-02133) 
Amphipod Bioassay Interpretation 

meets DMMU reference I statistically 
mean% performance > 20% over comparison! different? 
survival standard? control? used I (p = .05} 

31 y I WB I y 
98.1 y I 
99 y I 
69 N ' ' 79 y I 
79 N I 
96 N I 
69 y SB I N 
78 y I SB i N 
72 y WB ' y 

I 

63 y SB I y 
65 y SB y 
67 y I WBISB i YIN 
47 y I SB ' 

y 
99.4 y I ' ' 
96 y ' I 

93 y I : 

99 y I I 

65 y CG ' y 
72 y l SB : y 
31 y I SB I y 
39 y I SB y 
46 y I SB ! y 
39 y I SB y 
68 y I 

SB y I 

57 y I SB y 
99.4 Y . I 
98 y 
92 y I 
98 y ' I 
95 N I I 

99.4 y I 
96 y I 
96 y 
98 y 
95 N I 

95 N 
96 N 
96 N 
83 N 
95 N 
90 N 
70 y CG y 
74 y CG y 
76 y SB y 
75 y CG y 
69 y SB y 

Page 3 

DMMU_ 
> 30% over 
reference? hits 

I y I xx 

N x 
N x 
N x 

YI N x 
y xx 

N x 
N x 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 

N x 
N x 
N x 
N X · 
N x 
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batch treatment 
Phase 1 - 1 control 

WB 
CG 
SB 

2C19 
1C26 
1C46 
1C20 
1C22 
1C47 . 
4C1 
1C10 
1C11 
2C6 
1C48 
1C56 
1C35 
2C3 
1C41 
1C49 
1C16 
1C7 
1C8 

2C18 
2C20 
1C42 
1C55 
2C11 
2C12 
2C8 
2C7 

1C43 
1C37 
2C24 

Phase 1 - 2 control 
we 
CG 
SB 

2C13 
2C22 
3C7 

I 3C4 
3C5 
3C6 
3C3 
1C34 
1C50 
1C53 
1C21 
1C4 
1C23 

Port of Seattle Terminal 18 (95-02133) 
Sediment Larval Bioassay Interpretation 

mean% 
combined meets DMMU reference statistically 
mortality & performance > 20% over comparison different? 
abnormality standard? control? used (p=.10) 

17.2 y 
2.4 y 
0 y 
0 y 
0 N 

1.2 N 
0 N I 
11 N 
4.9 N 
0 N 

16.5 N 
11.9 N I 
15.2 N I 

2 N 
17 N 
4.4 N 
10.1 N I 
13.3 N I 
9.9 N 

21.7 I y SB I y 
22.7 I y CG y 
28.9 y SB y 
23.6 y SB I y 
89.6 y CG y 
30.9 y SB y 
56.6 y we y 
69.1 y CG y 
88.4 I I y SB y 
30.2 y SB I y 
40.7 y SB I y 
66.9 I y SB y 
44.5 y CG y 
86.3 I y SB y 
50.3 I y CG I y 

9 y I 
0 y 

2.9 y 
10.5 I y 
5.7 N 
0 N 
0 N 

16.5 N 
12.6 I N 
3.7 I N 
0 l N 

2.9 i N 
11.2 I N 
15.6 I N 
16 i I N 
5.9 I N 
0 I I N 

P::in P. 1 
-·;:1-

DMMU 
> 30% over 
reference? hits 

N x 
N x 
N x 
N x 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
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batch treatment 
1C5 
1C29 
1C6 
1C3 
1C1 5 
1C24 
1C25 
1C12 
1C32 
1C38 
1C27 
2C16 
2C14 
2C15 
2C9 

Phase 1 - 3 control 
WB 
CG 
SB 

2C21 
2C5 
1C40 
2C1 
1C14 
1C28 
1C57 
1C13 
1C30 
1C18 
3C1 
2C4 
1C19 
1C51 
2C2 
1C9 
1C17 
2C10 
1C44 
1C54 
3C2 
1C31 
1C36 
2C17 
2C23 
1C39 
1C45 
1C33 

Phase 2 • 1 I control 
WB 
CG 

I SB 

Port of Seattle Terminal 18 (95-02133) 
Sediment Larval Bioassay Interpretation 

mean% I I 
combined meets DMMU reference statistically 
mortalitv & performance > 20% over comparison different? 
abnormality standard? control? used (p = .10) 

10.1 N 
0.4 N 
0 N 

10.5 N 
0.3 N 

22.9 y SB N 
24.2 y SB N 
21 .8 y I SB I y 
31.9 y SB y 
28.1 y SB y 
51.9 y SB I y 
100 y SB y 
98.9 y SB y 
99.8 y I SB I y 
47.9 y SB I y 
12.5 y I I 
4.1 y I 
10 y I I 

20.4 y ' 
16.3 N I 
17.5 N 
13.7 N I I 
3.1 I N I I 

17.2 N I 

6.9 N I 
19.5 N I I 
14.1 N I I 
15.2 N : 
4.7 I N I 
16.1 N I 

' 26.6 y SB I N 
25.5 y SB N 
24.4 y SB I N 
26 y CG I y 

21 .6 y CG I y 
38.4 y SB I y 
47.7 y SB y 
30.7 y SB I y 
37.7 I I y SB I y I 

22 I y CG y 
59.9 y SB y 
49.9 y CG I y 
100 y WB I y 
100 y SB I y 
98 I y SB y 

99.8 I y CG y 
90.4 I y SB y 
25.1 l y I 

I I 
5.1 I y 
0 y 
4 y I 

Page 2 

-
DMMU 

> 30% over 
reference? hits 

N x 
N x 
N x 
y xx 
y xx 
y xx 
y xx 
y xx 

N x 
N x 
N x 
N x 
N x 
N x 
N x 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
y xx 
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batch treatment 
1C42B 
1C43B 
1C48B 

1C48NB 
1C48SB 
1C49B 

1C55XSB 
2C1B 
2C2B 
1C8B 
2C68 
1C7B 
1C37B 

Port of Seattle Terminal 18 (95-02133) 
Sediment Larval Bioassay Interpretation 

mean% I 
combined meets DMMU reference I statistically 
mortality & performance > 20% over comparison! different? 
abnormality standard? control? used I (p = .10) 

7.2 N I 
0 N I I 

0 N 
I 

I 

12.3 N I 
14.2 N I 

' 
8.3 N 
6.9 N . 
3.1 N ' 
3.1 N I 

' 
31.6 y SB I 

y 

21.9 y SB I 
y 

56.9 y SB I y 
50.1 y SB y 

Page 3 

DMMU-
> 30% over 
reference? hits 

N x 
N x 
y xx 
y xx 
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mean% 
batch treatment survival 

Phase 1 - 1 control 95 
WB 96 
CG 100 
SB 92 

1C20 88 
1C22 100 
1C35 100 
1C41 100 
1C42 96 
1C43 92 
1C46 96 
1C47 96 
1C48 • 100 
1C49 100 
1C55 92 
1C56 96 
2C3 96 

2C19 100 
2C20 88 
2C24 88 
1C37 92 
2C18 0 

Phase 1 - 2 control 100 I 
WB 96 
CG 100 
SB 100 I 
1C9 100 I 

1C10 100 I 
1C11 I 96 i 
1C12 96 ' 
1C26 100 I 
2C12 I 96 I 
2C13 100 
2C22 100 
4C1 I 100 
1C16 I 92 ' 1C7 72 I 
1C8 84 I 

1C27 32 
2C6 100 
2C7 100 I 
2C8 92 I 

2C11 28 I 
2C21 96 I 

Phase 1 - 3 control 97.5 
WB 96 
CG 92 
SB 92 
1C3 92 
1CS 96 
1C6 100 

1C14 96 
1C17 100 
1C19 96 
1C23 100 
1C28 100 
1C40 100 
2C1 88 
2C2 92 
2C4 92 
2CS 96 I 

2C10 100 
2C9 80 

Port of Seattle Terminal 18 {95-02133) 
Neanthes biomass test interpretation 

meets mean DMMU reference statistically 
performance individual < 80% of comparison ditterent? 

standard? dry wt (mg) control? used (p:: .OS) 
y 9.0 
y 11.7 
y 12.2 
y 12.6 

12.8 N 
13.6 N 
12.4 N 
15.8 N 
11 .9 N 
12.8 N 
14.3 N 
12.8 N 
14.2 N 
11.0 N 
11.4 N 
9.2 N 
14.6 N 
15.4 I N 
11.1 N I 
6.2 y CG y 

5.3 y SB y 
zero survival I 

y I 9.2 I 
y 10.2 
y 12.4 I 
y 12.3 ! 

12.2 I N 
10.7 N 
9.4 I N I 
8.0 N 
11.6 I N 
7.8 N 
11.6 I N 
8.1 I N I 
8.6 I N 
6.3 I y CG y 
5.8 ! y SB y 
5.4 I y SB y 
2.2 y SB y 
5.0 I y SB y 
3.5 y SB y 

4.0 y SB y 

0.8 y SB y 

5.0 y SB y 
y 10.6 N 
y 11.2 I N 
y 14.2 N 
y 14.2 N 

10.5 I N 
12.1 I N 
13.9 N 
13.2 N 
10.6 N 
9.5 I N 
13.3 I N 
13.5 N 
14.6 I N 
13.2 i N 
13.5 I N 
11.7 j N 
11 .6 I N 
7.2 y SB y 
2.6 I y SB y 

Page 1 

DMMU DMMU 
<70%of < 50% of 

reference? reference? hits 

I 

I 

y N x 
y y xx 

xx 

I 

I 

y N x 
y y xx 
y y xx 
y y xx 
y y xx 
y y xx 
y y xx 
y y xx 
y y xx 

I 

y N x 
y y xx 
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mean% 
batch treatment survival 

2C14 0 
2C15 0 
2C16 I 0 

Phase 1 - 4 control 100 
WB 100 
CG 100 
SB 100 

1C13 96 
1C15 100 
1C18 100 
1C21 100 
1C24 100 
1C25 • 96 
1C29 100 
1C30 96 
1C31 96 
1C36 96 
1C44 96 
1C50 100 
1C53 96 
1C57 100 
2C17 I 0 

Phase 1 - 5 control I 100 
WB 100 
CG 100 
SB 100 
1C4 I 100 

1C34 100 
3C1 100 
3C2 100 
3C3 I 96 
3C4 100 

I 3C5 I 100 
3C6 I 100 
3C7 I 96 
1C51 92 
1C32 52 
1C33 80 
1C38 88 
1C39 44 
1C45 68 
1C54 36 
2C23 0 

Phase 2 -1 control 97.5 
WB 100 
CG 100 
SB 100 

1C43B 100 
1C48B I 100 

1C48SB 100 
1C48NB 96 

1C55XSB 100 
2C1B 100 
2C2B 100 
1C42B 100 
1C49B 100 
1C7B 20 
1C8B 76 

1C37B 8 
2C6B I 80 

Port of Seattle Terminal 18 (95-02133) 
Neanthes biomass test interpretation 

meets mean OMMU I reference statistically 
performance individual <80%of comoarison different? 

standard? dry wt (mg) control? used (p = .05) 
zero survival I NIA I NIA NIA 
zero survival NIA NIA NIA 
zero survival N/A NIA NIA 

y 8.4 I 
y 10.4 
y 11.6 
y 10.2 

12.9 N 
10.7 N 
12.4 N 
9.5 N 
9.5 N 
7.2 N 
12.1 N 
10.9 N 
7.0 N 
9.7 N 
9.1 I N 
7.8 I N 
8.1 I N 
11.5 N 

zero survival I N/A N/A N/A 
y 9.1 
y 10.4 
y 11.8 I 
y 11.4 

10.2 I N 
10.7 I N 
13.8 I N 
12.1 N 
13.6 N 
11 .2 N 
11.2 I N I 
14.1 I N 
10.0 I N 
6.4 I y SB y 
1.4 I y SB y 
2.3 I y SB y 
2.9 I y SB y 
1.2 I y SB y 
2.0 I y CG y 
1.4 y SB y 

zero survival I NIA NIA I NIA 
y 12.9 I 
y 13.0 
y 12.2 
y 12.6 I 

14.3 N 
14.8 N 
13.3 I N 
11.6 N 
14.1 I N 
17.5 I N 
12.5 I N 
10.2 I y CG y 
6.2 I y CG y 
7.3 I y SB y 
2.0 I y SB y 
1.1 I y SB y 
3.3 I y SB y 

Page 2 

DMMU DMMU 
<70% of < 50% of 

reference? reference? hits 
NIA NIA xx 
NIA NIA xx 
NIA NIA xx 

I 

I 

I N/A N/A xx 
I I 

I 
I I 

I 

I 
I I 

I 
y N x 

I y y xx 
y y xx 
y y xx 

I y I y xx 
y y xx 
y y xx 

N/A NIA xx 
I I 

I 

I 

N 
y N x 
y y xx 
y y xx 
y y xx 
y I y xx 
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Port of Seattle Terminal 18 (95-02133) 
Phase 2 Bioassay Reference Comparisons 

DMMU % fines reference 
1C07B 93.9 SB 
1C08B 91.5 SB 
1C37B 97.3 SB 
1C42B 62.5 CG 
1C43B 27 WB 
1C48B 49.1 CG 

1C48NB 46.3 CG 
1C48SB 57.4 CG 
1C49B 59.3 CG 

1C55XSB 31.1 CG 
2C01B 41.9 CG 
2C02B 44.7 CG 
2C06B 91.7 SB 

Phase 2 reference sediment fines content: 

WB = 4.5%, CG= 50.7%, SB = 85.2% fines. 

Dividing lines taken half way between WB and CG (27.6%) 

and halfway between CG and SB (68.0%). 
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Port of Seattle Terminal 18 (95-02133) 
Bioaccumulation Interpretation 
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IC03 
Phoso I Phase 2 

Chomleol Name Cone. VO Cone. VO 

Mercury (mgll<g) 

TBT (ugil as TBn • porewaler 

Ald~n (uglkg) 16 uo 2.e 
Alp/la chlordane ("!>'kg) I 44 uo 13 
Oieldrin (uglkg) 3' D 8-7 
Undane (uglkg) 16 uo 0.57 u 
Heotachlor loonil<n) 16 uo 0.57 w 

P.P··DDD (ugll<g) 25 D 11 
p.p· ·DOE (ugll<g) 46 D o.n u 
P.P'·DOT (uglkg) 54 uo 1.9 u 
Total 000.00E and DOT I 71 D 11 

Aroctor 1018 (ugll<g) 270 uo 9.6 uo 
Aroelor 1221 (ulflltg) 1100 uo 38 uo 
Aloelor 1232 (ulflltg) 270 uo 9.6 uo 
A/odor 1242 (uglkg) 270 uo 18 J 
A/odor 1248 (UQ'ltlJ) 270 uo 9.6 uo 
Alodor 1254 (..,,ic~) 270 uo 9.8 uo 
A/odor I 2fl0 (uo'l<g) 4900 0 3000 0 
PCBs. 10ta1 (iqllg} I 4900 0 3018 0 
PCSs. t.o(aJ (Ullil<n oe) 376.9 0 215.6 D 

f".-.es Ccnlent ('!.} 28.2 2!.8 
Tow Or;anie Cartx>n ('>'•) 1.3 1.4 

Port of Seattle Terminal 18 (95-02133) 
Sediment Chemistry Comparison - Phase 1 vs. Phase 2 

IC04 ICOS ICl4 IC20 IC48 
Phase I Phue2 Phose 1 Phase 2 Phase I Phase 2 Phase 1 Phose2 Phase I Phase 2 

Cone. LO Cone. VO Cone. LO Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO Cone. VO 

0.207 0.356 J 0.209 0.124 J 

100 uo 10 UD 48 uo 10 0 52 uo 11 u 68 uo 63 uo 220 uo 120 uo 
400 uo 41 UD 190 uo 41 uo 52 uo 43 u 270 uo 250 uo 870 uo 470 uo 
100 uo 10 uo 48 uo 10 uo 52 UD 11 u 88 uo 63 uo 220 uo 120 uo 
100 uo 24 J 48 uo 24 J 270 0 62 450 0 180 0 220 uo 120 uo 
100 uo 10 uo 48 uo 10 uo 52 uo 11 u 88 uo 63 uo 220 uo 120 uo 
100 uo 10 uo 48 uo 10 uo 52 uo 11 u 88 uo 63 uo 220 uo 120 uo 

1100 0 520 D 840 0 510 0 500 D 210 930 0 440 D 1200 D 1300 0 
1100 0 544 D 840 0 544 D no 272 1~D 620 D 1200 1300 0 
78.6 D 32.0 D 90.3 D 41 .8 D 42.8 22.7 60.0 D 32.6 D 75.0 41 .9 D 

36.2 31.2 23.2 35 44.3 522 83.5 73 53.3 88.4 
1.4 1.7 0.93 1.3 1.8 1.2 2.3 1.9 1.6 3.1 

1C51 2C03 2C13 
Phaso 1 f>hase2 Phase 1 Phan2 f>haso 1 Phaso2 

Cone. VO Cone. VO Cone. VO Cone. VO Cone. VQ Cone. LO 

1.66 1.26 

20 0 0.78 u 
22 uo 2.1 u 
24 0 12 
8.2 UD 0.78 u 
e.2 UD 0.78 w 

33 0 49 J 
17 D 12 
27 uo 2.8 UJ 
50 0 61 0 

53 UD 11 u 53 uo 61 uo 
210 uo 42 u 210 UD 240 UD 

53 uo 11 u 53 UD 61 uo 
53 UD 21 53 uo 450 0 
53 UD 11 u 53 UD 81 uo 
53 uo 11 u 53 uo 81 uo 

830 0 140 780 0 670 D 
830 D 181 760 1120 D I 

51.9 D 11.5 40.0 46.7 0 

78.3 75.5 83.9 65.4 51.3 60 
3.5 3.4 1.6 1.4 1.9 2.4 
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1C03 
Mercury: 

Tributyltin: 
Total DDT: 6.45 

Total PCBs: 1.62 

Port of Seattle Terminal 18 (95-02133) 
Phase 1 /Phase 2 Chemistry Ratios 

DMMU 
1C04 1C05 1C14 1C20 1C48 

0.58 1.69 

2.02 1.54 2.83 2.23 0.92 

1C51 
1.32 

Example 1: Phase 1 porewater TBT for 1 C04 = 0.207 ug/I 
Phase 2 porewater TBT for 1 C04 = 0.356 ug/I 
Phase 1/Phase 2 ratio= O.S8 

Example 2: Phase 1 porewater TBT for 1 COS= 0.209 ug/I 
Phase 2 porewater TBT for 1 COS = 0.124 ug/I 
Phase 1/Phase 2 ratio= 1.69 

2C03 2C13 

5.16 0.68 
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Port of Seattle Terminal 18 (95-02133) 
Bioaccumulation Interpretation - "Worst-Case Scenario" 

Macoma 
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Example 1: the mean Macoma TBT tissue concentration for l C04 = 2280 ug/kg (see Attachment 14) 
the Phase l/Phase 2 ratio= 0.58 (see Attachment 16) 
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therefore. the Phase 2 sediment actually used for the bioaccumulation test represents the "worst case" 

Example 2: mean Macoma TBT tissue concentration for l COS = 650 ug/kg 
Phase l /Phase 2 ratio = 1.69 
therefore, the "worst-case" tissue concentration is 650 X l .69 = l 099 ug/kg 
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PSDDA Agency Re-evaluation 
of Risk-based Target Tissue Concentrations 

for Human Health 

1) Excerpt from the PSDDA Evaluation Procedures Technical Appendix - Phase 1 (June 
1988), section 8.4.2, Target Tissue Concentration Calculation Models: 

To calculate target tissue concentration of chemicals that might pose a human 
health problem if the tissue was ingested, the following models were used: 

For chemic.als posing a carcinogen risk: C = (R)(W)/(B)(I) 

where: 

C = target tissue concentration 
R = reference risk level 
W = reference human weight 
B = potency factor for the chemical in question 
I = average seafood ingestion rate per human. 

For noncarcinogens posing a human health risk: C = (RFD)(W)/1 

where: 

C = target tissue concentration 
RFD= reference Risk Dose (Acceptable Daily Intake) Values 
W = reference human weight 
I = average seafood ingestion rate per human. 

2) Excerpt from the PSDDA Evaluation Procedures Technical Appendix - Phase 1 (June 
1988), section 8.4.3, Seafood Ingestion Rate Es~imate: 

Seafood ingestion rates that estimate the amount of fish caught and eaten 
that could have been exposed to dredged material at the unconfined, open­
water, disposal sites were calculated based on the following assumptions 
and available data. The ingestion estimates are calculated for bottom fish 
caught by recreational anglers only: 

o Baseline seafood consumption rates for seafood caught in urban 
bays by recreational anglers were based on the data of Landolt et al. 
(1985). According to their report, the average daily fish ingestion rate 
for seafood from the urban bays is 11 g/day (table 62d, p. 65 in 
Landolt et al. 1985). 
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o The above value was adjusted to reflect the percentage of seafood 
caught that was represented by flatfish (which are the primary finfish 
that would be exposed to the open-water dredged material mound). 
According to Landolt et al. 1985, bottom flatfish represent 2.5 percent 
(by weight) of the total amount caught. Therefore the amount of 
seafood eaten that is composed of flatfish - 11 g/day x (2.5 percent) = 
0.28 g/day. 

o The food ingestion rate was further adjusted to reflect the amount 
of consumed flatfish that could have been exposed to dredged 
material at the disposal mound. This was accomplished by estimating 
the percent of the individual home range of bottom fish that was 
covered by the disposal site. This value is then applied to the daily 
ingestion rate to provide an estimate of the dietary contribution of fish 
eaten that might have been exposed to the disposal mound. 

Studies on the nonrandom occurrence and stable percent incidence of fish 
liver tumors and tagging-recapture studies indicate that flatfish exhibit a 
home range in which juveniles and adults spend most of their lives within a 
given area. Bottom fish have also been shown to exhibit seasonal 
migrations perpendicular to the shoreline in an area approximately bounded 
by the 600-foot depth contour (Tetra Tech 1986; Bargmann, G., 1986, 
personal communication). The longshore extent of the home range is not 
known, but it has been approximated by the distance between West Point 
and Terminal 90/91 (approximately 3.2 mi). It is important to note that 
estimating the areal extent of a fish's home range is a very uncertain 
exercise and such estimates should be understood to be very rough. 

Based on these data and assumptions, the final steps leading to the 
estimated seafood ingestion rate were: 

1. Home range area estimate = 2,334 ac 

2. Disposal site area estimate = 395 ac (Elliott Bay site; the largest 
Phase I site) 

3) Potency factors (B) and Reference Doses (RfD) are chemical specific and were 
taken from Tetra Tech 1986 (Tables C-1 and C-2) and Tetra Tech 1988 (Health 
Risk Assessment of Chemical Contamination in Seafood - Table ES-3): 

Bpcss = 7.7 mg/kg-day (note: this value has since been changed to 2.0) 

BooT = 0.34 mg/kg-day 

RfDHg (chronic)= 3 x 10-4 mg/kg-day 
Attachment 18 
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4) Other relevant reference doses were provided by EPA: 

RfOHg (developmental) = 1 x 10·4 mg/kg-day 

RfDHg (EPA fish advisory)= 6 x 10"5 mg/kg-day 

RfDrsT = 3 x 10"5 mg/kg-day (as TBT oxide) 

5) Other input parameters: 

W = 70 kg is the weight currently used by EPA and Ecology for risk 
assessment 

R = 10"5 is within the current acceptable range 

Note: for noncarcinogens, the hazard quotient is assumed equal to 1 and 
does not appear in the risk-based formula 

6) Calculation of risk-based tissue concentrations: 

CPCBs (10-5)(70kg) = 2.0 mg/kg WW 

tissue - 7.7 kg -day [( 395ac J]( 1 lg (0.025)J( kg J 
mg 2,334ac day IOOOg 

c,f:,,~ = [( (l0-

5

)CJ
7
Jo(kg) J( J = 44 mg/kg ww 

0.34 kg - day 395ac l lg (0.02S) kg 
mg 2,334ac day lOOOg 

3x 10-4 mg (70kg) 
c~g(chronic) = kg -day = 450 mg/kg WW I 

lls.<ue [( 395ac J](.!..!!(o.o2s)J( kg J 
2,334ac day 1 OOOg 

lxl0-4 mg (70kg) 
C~g(Jmlopme11rofl = kg - day = 150 mg/kg WW 

1ts.iue [( 395ac J](~ (0.02s)X kg J 
2,334ac day 1 OOOg 
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6x10-s mg (70k ) 
·C{-/g(EPA fish advisory) _ kg - day g 

ussue - ·[( 395ac )](I lg 0.025 J( kg J = 90 mg/kg WW 

2,334ac day ( ) IOOOg 

3xl0-s mg (70k ) 
cr:sro = kg - day g 

rwue [( 395ac )]( I lg 0.025 J( kg J = 45 mg/kg ww (as TBTO) 

· . 2,334ac day ( ) lOOOg 

= 43 mg/kg ww (as TBT) 
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PCB concentrations in tissue 
that may cause adverse effects or changes in response 

RESPONSE 

Lethality 

Growth 

Reproduction 

Behavior 

Disease 

Cellular changes 

Biochemical changes 

SOURCE: Niimi (1996} 
NOTE: nd - no data 

MACROINVERTI:BRA TES 

>25 mg/kg 

>25 mg/kg 

>25 mg/kg 

nd 

~ow mg/kg 

nd 

FISH 

>100 mg/kg 

>50 mg/kg 

>100 mg/kg (female}; 
>50 mg/kg (progeny} 

mg/kg range 

High µg/kg to low mg/kg 

High µglkg to low mg/kg 
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RESPONSE/ 

ORGANISM 

Crustacea 

Crustacea 

Crustacea 

Crustacea 

Crustacea 

Mollusc 

Crustacea 

Crustacea 

Echinoderm 

Mollusc 

Arthropod 

Mollusc 

Crustacea 

Amphipod 

Correlations between 
body burdens of PCBs and toxicological effects 

OBSERVATIONS 

7-day LCso for shrimp reported for Aroclor 1254 at 9 µgll; animals had 60 
mg/kg of PCBs 

Shell growth in oyster inhibited 19· 100% by Aroclor 1254 at 1-100 µgll after 
~6 hours; oysters had >8 mg/kg of PCBs 

Lethal threshold for Gammaros reported for Aroclor 1254 at 5 µgll during 20-
day study; dead shrimp had 16 mg/kg PCBs while those surviving had 33 
mg/kg 

16-day LCso for shrimp reported for Aroclor 1254 at 12 µg/l; animals had 45 
mg/kg of PCBs 

5% of crabs died when exposed to Aroclor 1254 at 5 µgll during 20-day 
study; surviving crabs had about 18-27 mg/kg of PCBs 

Growth in oyster reduced by Aroclor 1254 at 5 µgll exposed for 168 days, but 
not by those exposed to 1 µg/l for 21 O days; PCB concentrations in those 
affected estimated to be 50 mg/kg 

Reproduction in Gammaros pseudo/imnaeus inhibited by Aroclor 1242 at 9-
234 µg/L exposed for 60 days; animals had >320 mg/kg of PCBs, those 
exposed to 3 µgll and reproduced had 76 mg/kg of PCBs 

Survival, growth, and reproduction in Hyafle/a azteca not affected by Aroclor 
1242 at 3-30 µgll exposed for 70 days; but affected animals exposed to s 100 
mg/L; toxic effects observed in animals with 30-100 mg/kg PCBs 

Testosterone, but not progesterone, levels in ovaries and testes of starfish 
increased 2- to 3-fold after exposure to > 26 mg/kg of PCBs in lipid of food fed 
for 84 days; PCB concentrations in gonads were 9 m,g/kg of lipid 

Connective tissue structure of oyster altered by Aroclor 1254 at 5 µg/L 
exposed for 180 days but recovered when exposed to clean water; PCB 
concentration in affected animals estimated to be 50 mg/kg 

Daphnia magna were exposed to 0.1 µgll and 1.0 µgll of PCBs for 21 days; 
no effects in survival or reproduction were seen, although there was a slight 
difference in biomass; body burdens were 0.4 - 2.8 mg/kg wet weight for 
individual congeners (52, 77, 101, 118, 138, 153, 180) at 0.1 µgll and 4-26.6 
mg/kg ww at 1.0 µg!L 

Crassostrea virginica were exposed to Aroclor 1254 in seawater for 24 weeks; 
425 mg/kg wet weight was the whole body burden; effects were reported as 
significantly reduced growth rate and tissue alterations 

Hepatopancreas structure of shrimp altered by Aroclor 1254 at 3 µg/l 
exposed for 30 days; PCB concentrations estimated to be 3 mg/kg 

Toxic effects were observed at tissue levels of PCBs between 30 and 180 
µgpt.an a wet weight basis for Hyafle/fa azteca . There were no effects on 
survival, growth, or reproduction after addition of 30 µg/L during ten week 
chronic toxicity test. 

SOURCE: Niimi (1996) 

•' 
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with an average whole-body concentration of DDT of 0.023 ppm ww. The gulls and 
cormorants were fed queenfish with an average whole-body concentration of DDT_ 
ranging from 3.8 to 5.0 ppm ww. 

To protect the California brown pelican, the State of California has established a limit of 
0.15 ppm ww of DDT in fish. Blus (1996) estimates the lower critical dietary level of 
DDE at about 0.1 ppm, on the basis of 3 lx biomagnification from fish to pelican eggs. 
However, because the chief prey fish also contained DDT at one-half the concentration of 
DDE, the 0.1 ppm level probably should be raised slightly to account for metabolism 
from DDT to DDE. 

In experiments with animals on diet~ dosages of DDT, DDD, and DDE, residues in 
tissues, particularly the brain, have proven to be diagnostic of lethality. Beyer et al. 
(1996) states that when used in field investigations, this technique makes possible the 
interpretation of lethality when DDT equivalents (using a weighting system that equates 
1 ppm of DDT with 5 ppm DDD or 15 ppm DDE) are as low as 10 in brains; however, 
most birds or mammals that die from DDT have DDT equivalents >20. Few dead wild 
birds have been found with lethal levels of DDE or DDD in their brains. The brown 
pelican is the most sensitive, with eggshell thinning and reduced productivity occurring at 
3 ppm of DDE in the egg and total reproductive failure when residues exceed 3.7 ppm 
(Beyer et al., 1996). In contrast, adverse effects on the reproductive success of peregrine 
falcons first occur when DDE residues in the egg are about 10-fold higher, 30 ppm. In 
addition, the black-crowned night heron exhibits a gradual decline in productivity with 
DDE concentrations> 25 ppm. 

Within Terminal 18 sediments DDD comprises the majority of total DDT concentrations 
for all D.MMUs. Concentrations of p,p' -DDT were not detected in ariy of the sediment 
samples for Terminal 18. Since DDD and DDE are less toxic than DDT based on the 
literature cited in the previous discussion, we recommend that the allowable total DDT 
tissue residue concentration be based on the toxic effects of DDD and DDE. From the 
data presented the action level for aquatic species would be 3 ppm, based on isolated 
tissues of croakers and cutthroat trout. Lower action levels, such as those imposed by the 
State of California, were developed to protect a sensitive species (brown pelican). Such 
an action level would be inappropriate for use in the PSDDA program, because of the 
acceptance of Level II effects at PSDDA disposal sites. Level II effects include acute 
toxicity in some species, and some chronic effects on other species. The sediment being 
evaluated would be disposed of at the Elliott Bay PSDDA disposal site. Water depth at 
this site is 300 feet; its location does not present a risk to birds similar to the brown 
pelican. Therefore, these data indicate that effects observed concentrations are less than 
the FDA action limit of 5 ppm. These data support the conclusion that if total DDT tissue 
concentrations in test organisms are less than 3 ppm ww, the test sediments are suitable 

for unconfined, open-water ~isposal based both on concerns for human health and 
ecological risks. 
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DDT 

Limited information has been found relating DDT tis~ue concentrations to potential for 
risk to aquatic organisms. Of the few studies found on aquatic organisms, two are 
presented: Childress (1971) and Allison et al. (1964). who reported that 3 to 5 ppm ww 
in gonads or liver for croakers and cutthroat trout may induce sterility and other 
reproductive effects. 

Most of the available data focus on birds. SCCWRP (1977) reported that 16 seagulls and 
5 cormorants died at the California zoo in 1976. DDT was found in these birds at 
concentrations ranging from 90 to 500 ppm ww (tissue samples were from three gulls and 
1 cormorant). Pelicans at the zoo which exhibited the same symptoms as the seagulls and 
cormorants had tissue concentrations of DDT ranging from 11 to 110 ppm ww. There 
were no mortalities among th~ pelicans, which were fed a diet consisting of surf smelt 
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Re: Bioaccumulation Interpretation Guidelines 

Dear David: 

July 15, 1996 
Project No.: 2/203-09.5 

On behalf of the Port of Seattle we are submitting Bioaccumulation Interpretation 
Guidelines as requested in the interagency meeting on June 20, 1996. We trust you will 
find the information helpful and that we will be able to reach some conclusions during 
our meeting on July 16. 
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Project Manager 
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•• 

Attachment 19A 



.. 

Total mercury concentrations in tissues of fish exhibiting symptoms of methylmercury toxicity 

LOCATION OR MODE AND 
Hg CONCENTRATION (ppm wet weight} 

SPECIES DURATION OF EXPOSURE BRAIN LIVER MUSCLE WHOLE BODY TOXIC EFFECT(S)8 REFERENCE 

Laboratory Studies 

Walleye Diet (42 - 63 days) 3-6 6-14 5-8 Onset of mortality Scherer et al. (1975) 

Fish emaciated 

(-) locomotor activity 

(-)coordination 

(-) appetite 

Diet (240 - 314 days) 15 - 40 18 - 50 15-45 ( +) mortality Scherer et al. (1975) 

Rainbow trout Diet (105 days) 12 - 23 (-)growth Wobeser (1975b) 

Rainbow trout Diet (84 days) 30- 35 Darkened skin Rodgers and Beamish (1982) 

Lethargic behavior 

Diet (84 days) 10- 30 (-) appetite Rodgers and Beamish (1982) 

(-)growth 

Rainbow trout Diet (270 days) 16- 30 26- 68 20-28 19 (-) appetite Matida et al. (1971) 

(-) activity 

(-)visual acuity 

(-)growth 

)> Darkened skin 
~i: Loss of equilibrium ~) 
0 
::r 
3 Rainbow trout Water (4 µg/L)b 7-32 32- 114 9- 52 Death, preceded by Niimi and Kissoon (1994) 
<l> (30 - 98 days) (-) appetite and (-) activity =' ~· _ ... 
CJ:> 
)> 



LOCATION OR MODE AND 
Hg CONCENTRATION (ppm wet weight) 

SPECIES DURATION OF EXPOSURE BRAIN LIVER MUSCLE WHOLE BODY T OXIC EFFECT(S)1 R EFERENCE 

Rainbow trout Water (9 µg/L)b 4-27 Death, preceded by Niimi and Kissoon (1994) 
(12 - 33 days) (-)appetite and{-) activity 

Rainbow trout 10- 20 1-5 1.4-10.9 Niimi (1994) 

Brook trout Water (2.9 µg/L)b 42 58 24 24 Mortality, preceded by McKim et al. (1976) 
(273 days) loss of appetite, muscle 

spasms, and deformities 

Water (0.93 µg/L)b 17 24 10 5 - 7 ( +) mortality McKim et al. (1976) 

(273 days) (-)growth 
I 

Sluggish behavior 

Deformities 

Water (0.29 µg/L)b 5 8 5 3 None observed McKim et al. (1976) 
(273 days) 

Fteld Studies 

Nlbea schlegeli Mlnamata Bay 8-15 Fish enfeebled Kitamura (1968) 

Latco/abrax japonicus Mlnamata Bay 17 Fish enfeebled Kitamura (1968) 

Sparus macrocepha/us Minamata Bay 24 Fish enfeebled Kitamura (1968) ' 
) 

Scomberomorus Minamata Bay 15 9 Fish enfeebled Kitamura (1968) 
niphonicus 

)> 
::i Striped mullet Minamata Bay 11 Fish enfeebled Kitamura (1968) !l> 
() (Mugil cepha/us) :::r 
:3 Cardinalfish Mlnamata Bay 19 Fish enfeebled Kitamura (1968) ct> 
:::i (Apogon sp.) ·-·-'-
•:O 
)> 

.-
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Hg CONCENTRATION (ppm wet weight) 

SPECIES 

LOCATION OR MODE AND 

DURATION OF EXPOSURE BRAIN LIVER MUSCLE WHOLE BODY '-- TOXIC EFFECT(s)• REFERENCE 

Northern pike Clay Lake, Ontario 6-16 Fish emaciated, with Lockhart et al. (1972) 
biochemical symptoms of 
starvation and 
(-)immunity 

SOURCE: Wiener and Spry 1996 

An increase is indicated by(+); a decrease is indicated by(-). 
b Concentration of mercury in water, administered as methylmercuric chloride. 
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···············••••••••••••• Venerupus semidecussata; reduced growth In spat (Thain, 1986) 

. . 
: 
: 
: 
: 

" 
: 

0 2 4 6 8 

ug TBT/g dry weight 

SOURCE: Beaverson et al. 1996 

' 

' 

: 
: 

1 0 12 1 4 

" '' 

Venerupus decussata; reduced growth in spat (Thain, 1986) 

Crassostrea gigas; reduced growth in spat (Thain, 1986) 

Mytilus edulis; reduced growth In spat (Thain, 1986) 

Rainbow trout; gill effects (Schwalger et al., 1992) 

Mytilus edulis; growth effects (Salazar & Salazar, 1995) 

Neanthes arenaceodendata; reproductive effects (Moore et al., 1991) 

Nucella lapillus. growth effects (Bryan et al., 1987) 

Crassostrea gigas; reduced growth (Davies et al., 1987) 

Mytilus edulis; growth Inhibition; scope for growth (Widdows & Page. 1993) 
I 

Ostrea edulis; reduced growth In spat (Thain, 1986) 

Crassostrea gigas; shell thickening (Davies et al., 1987) 

Nucella fapil!us; growth effects (Bryan et al., 1987) 

Crassostrea gigas; reduced tissue growth (Thain et al., 1987) 

Crassostrea gigas; shell deformities (Minchin et al., 1987) 

Saccostria commerciafis; shell deformities (Batley et al., 1989) 

Crassostrea gigas; reduced tissue growth (Waldock et al., 1992) 

llyanassa obsoleta; imposex (Bryan et al., 1989) 

Nucella lapiiius; imposex (Gibbs and Bryan, 1987) 

Summary of measured effects and associated tissue TBT concentrations 
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Chemical 
Aroclor 1242 
Aroclor 1242 
Aroclor 1254 
Aroclor 1242 
Aroclor 1254 
Aroclor 1254 
Aroclor 1254 
Aroclor 1016 
Aroclor 1242 
Total PCBs 
Total PCBs 

(mq/kq WW) Tissue type 
2.7 whole body 
2.7 whole body 
0.39 whole body 
<514 whole body 
<130 whole body 
654 whole body 
425 whole body 
77 whole body 

30-180 whole body 
<1100 liver 
<540 qonad 

Observations 
rainbow trout fry LD75 

rainbow trout fry ED60-75 
rainbow trout fry LD10-28 

fathead minnow NOEC reproduction 
fathead minnow NOEC reproduction 

Oncorhynchus kisutch LD100 
Crassostrea virginica NOEC 

Cyprinodon fry NOEC survival 
Hya/el/a reduced survival 

English sole NOEC gonad development 
Enqlish sole NOEC qonad development 
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· Attachment 20 - 1.JSDDA Surface Suitab1 ... y Determination 

.. Unsuitable 

.. Suitable 
~ Dredger's Opt ion a...~'-
Ill Shoreline v~'__ 

~ 
~,o 
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SJitable 
Sloreline 
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