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CENWS-OD-TS-DM  
 
MEMORANDUM FOR RECORD   2 November 1999 (Erratum: 8/8/2007) 
 
SUBJECT: DETERMINATION ON THE SUITABILITY OF DREDGED MATERIAL TESTED 
UNDER THE EAST WATERWAY STAGE II PROJECT AND U.S. COAST GUARD SLIP 36, 
EVALUATED UNDER SECTION 404 OF THE CLEAN WATER ACT (CWA) FOR OPEN-WATER 
DISPOSAL AT THE ELLIOTT BAY DISPOSAL SITE. 
 
This amended SDM corrects errors in bioaccumulation interpretation, and adjusts the volumes of suitable 
and unsuitable material (See amended paragraphs 21 and 23, Table 3, Appendices 2 and 8). 
 
 
1.  The following summary reflects the consensus determination of the Agencies' (U.S.  Army Corps of 

Engineers, Department of Ecology, Department of Natural Resources, and the Environmental 
Protection Agency) with jurisdiction on dredging and disposal on the suitability for unconfined open-
water disposal at the Elliott Bay disposal site of  an estimated 618,120 cy of dredged material tested 
as part of the COE/Port of Seattle East Waterway Stage II Project and U.S.  Coast Guard Slip 36 
characterization located in Elliott Bay, Seattle, Washington.    

 
2.  This SDM documents sampling/testing results for a total of 107 dredged material management units 

(DMMUs), with 99 DMMUs located within the East Waterway Stage II dredging area footprint 
(Figure 1a-c:  surface DMMUs; Figure 2a-c:  subsurface DMMUs), and 8 DMMUs located within 
the U.S.  Coast Guard dredging area footprint (Figure 3a:  surface DMMUs; Figure 3b: subsurface 
DMMU).   The total dredging volume is 618,120 cubic yards, with 584,990 cy from the East 
Waterway Stage II project area, and 33,130 cy from the U.S.  Coast Guard project area.  The design 
depth for the federal navigation channel is 51 feet MLLW + 1 foot of overdepth (Corps Datum).   

 
3.  Sampling and testing were conducted in two phases.  Phase 1 included standard PSDDA chemical 

and biological testing for all 107 DMMUs.   In Phase 2, bioaccumulation testing was conducted on 
twenty-five DMMUs, and subsurface DMMU-D7 was resampled and retested.   For DMMU-D7, 
samples recollected from each of the three locations making up the initial composited Phase 1 
DMMU were analyzed as three uncomposited samples.  All DMMUs, in Phase 1 and Phase 2 were 
subject to concurrent chemical and biological testing.  A SDM (7 September 1999) documented the 
suitability of six surface DMMUs (S25, S26, S27, S28, S29, S30) within the East Waterway Stage II 
footprint (Appendix 1), representing a total of 26,090 cubic yards, which will be dredged as part of 
the Stage 1 East Waterway Project during the Fall of 1999.  These six DMMU are included in the 
following generic discussion of the testing results, although the suitable/unsuitable volumes 
represented by these DMMUs will be subtracted from the final suitability determination (see 
paragraph 24). 
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4.  Relevant dates for regulatory tracking purposes are included in Table 1. 
 
Table 1.   Regulatory Tracking Dates 
 

Phase 1: 
Initial SAP Approval date: 
Phase 2: 
Bioaccumulation/DMMU-D7 retest SAP Approval date: 

 
July 26, 1998 
 
February 18, 1999 

Phase 1: 
Initial Sampling date(s): 
Phase 2: 
Bioaccumulation/DMMU-D7 resampling date(s): 

 
July 27 to 28 August 1998 
 
March 29 to 9 April 1999 

Phase 1: 
East Waterway Stage II Chemical/Bioassay Data report submittal date: 
U.S.C.G.  Slip 36 Chemical/Bioassay Data report submittal date: 
Phase 2: 
DMMU-D7 retesting Data submittal date: 
Bioaccumulation Data submittal date: 

 
March 20, 1999 
March 19, 1999 
 
July 1, 1999 
September 2, 1999 

Recency Determination Date:   High (2 years) April 2001 

 
 

Phase 1 
 
Sampling: 
 
5.  All the material was ranked high for testing purposes, and sampling of the DMMUs consisted of 

collecting one uncomposited vibracore sample from each of the 60 surface DMMUs (S1 – S60) and 
24 composited and 15 uncomposited subsurface DMMUs (D1 – D39) from the East Waterway Stage 
II sampling area, and 7 uncomposited surface (CG-S61 – CG-S67) DMMUs and one composited 
subsurface (CG-D40) DMMU from the U.S.  Coast Guard dredging area. Initial sample collection for 
the East Waterway Stage II project occurred between 27 July 1998 and 28 August 1998 by the 
contractor (SAIC).   Sample collection from the U.S.  Coast Guard Slip 36 dredging area occurred 
between August 18 and August 26, 1998.    

 
6.  The Agencies' approved sampling and analysis plan for the 107 DMMUs was followed, and quality 

assurance/quality control guidelines specified by the Puget Sound Dredged Disposal Analysis Users 
Manual were generally achieved.  The data gathered were deemed sufficient and acceptable for 
decision making by the Dredged Material Management Program (DMMP) agencies based on best 
professional judgment. 

 
Chemical Testing: 
 
7.  Appendix 2 summarizes the sediment conventional, chemical, biological testing results and 

suitability determination outcomes for all 107 DMMUs analyzed.  Chemical analysis of the DMMUs 
indicated that 32 of 99 East Waterway Stage II DMMUs and 2 of 8 of the U.S.C.G.  DMMUs had no 
detected or undetected screening level exceedances.  The remaining DMMUs had chemical of 
concern exceedances of screening level (SL), bioaccumulation trigger (BT) and maximum level (ML) 
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guidelines.  The SLs for PCBs were exceeded in 63 DMMUs, the SLs for DDT were exceeded in 48 
DMMUs, and the SLs for mercury were exceeded in 32 DMMUs. The SL = BT for TBT was 
exceeded in 27 DMMUs.  Dieldrin, Aldrin, and Heptachlor were all undetected over the SL in 24, 19, 
and 13 DMMUs, respectively.  Bioaccumulation Triggers were exceeded in 49 DMMUs, and 25 
DMMUs ultimately underwent bioaccumulation testing for TBT (18 DMMUs), Fluoranthene (1 
DMMU), total DDT (3 DMMUs), and total PCBs (13 DMMUs).   Sixteen DMMUs had ML 
guideline exceedances.  MLs for the following four chemicals exceeded:  PCBs (8 DMMU), DDT (12 
DMMUs, although 6 were undetected), silver (2 DMMUs), and mercury (1 DMMU).  Eight 
DMMU’s exceeded the ML rule1 (S23, S24, S36, S37, S51, D7, D36, D37).  All Phase 1 DMMUs 
underwent concurrent bioassay toxicity testing, and the results of these analyses are summarized 
below. 

 
Biological Testing: 
 
8.  Standard bioassay testing was conducted on all 107 DMMUs within the 56 day biological holding 

time.  Appendix 3 summarizes the solid phase bioassay Quality Control (QC) performance guidelines 
and also summarizes the solid phase bioassay interpretative guidelines for nondispersive sites, which 
were used to evaluate the bioassay data presented below.   Appendix 4 summarizes the batch specific 
bioassay toxicity testing outcomes (e.g., Appendix 4a:  Amphipod; Appendix 4b:  Bivalve Larval;  
Appendix 4c:  Neanthes-growth) for all 107 DMMUs tested during Phase 1.   Three reference 
samples were collected from Carr Inlet to block for grain size effects.  In general, all negative control 
and reference sediments met the DMMP performance limits for each of the three bioassay tests to 
assess toxicity.  Results for each bioassay test are summarized in Table 2 for the Stage II East 
Waterway dredging area and the U.S. Coast Guard Slip 36 dredging area compared to the DMMP 
nondispersive interpretive guidelines.  These bioassay results are discussed below for each of the 
bioassay tests. 

 
 
Table 2.   Bioassay Phase 1 interpretation summary from each dredging subarea. 
 
Amphipod Bioassay: 
(Eohaustorius estuarius) 

Two-Hit One-Hit Pass  Total: 

   East Waterway Stage II (surface) 2 0 58 60 
   East Waterway Phase II (subsurface) 2 0 37 39 
   U.S.  Coast Guard (Surface + subsurface) 0 0 8 8 
    Subtotal: 4 0 103 107 
Bivalve Larval Bioassay: 
(Mytilus  galloprovincialis) 

Two-Hit One-Hit Pass Total: 

   East Waterway Stage II (surface) 42 8 10 60 
   East Waterway Stage II (subsurface) 16 7 16 39 
   U.S.  Coast Guard (Surface + subsurface) 2 4 2 8 
    Subtotal: 60 19 28 107 

                                                 
1 ML Rule:   two ML exceedances within a given DMMU and/or one ML exceedance greater than 2 times 
the ML.  DMMU’s exceeding the ML rule may be subject to a Tier IV evaluation to evaluate their 
suitability for unconfined open-water disposal using DMMP best professional judgement. 
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Neanthes Growth Bioassay: 
(Neanthes arenaceodentata) 

Two-Hit One-Hit Pass Total: 

   East Waterway Stage II (surface)  7 6 47 60 
   East Waterway Stage II (subsurface) 4 13 22 39 
   U.S.  Coast Guard (Surface + subsurface) 0 0 8 8 
    Subtotal: 11 19 77 107 
DMMP Bioassay Determination: 

Phase 1 
Number of Suitable 

 DMMUs 
Number of Unsuitable 

DMMUs 
   East Waterway Stage II (surface) 45 15 
   East Waterway Stage II (subsurface) 27 12 
   U.S.  Coast Guard (Surface + subsurface) 4 4 
    Subtotal: 76 31 
 
 

a) Amphipod Bioassay (Eohaustorius estuarius).   Amphipod bioassay results showed very 
little  toxicity being expressed among the 107 DMMUs as illustrated in Table 2 and 
Appenidix 4a.  Only 4 of 107 DMMUs showed any toxicity being expressed, and all four 
were only two-hit responses. 

 
b) Bivalve Larval Bioassay (Mytilus galloprovincialis).   The results of the larval bivalve test 

(Appendix 4b and Table 2) showed significant toxicity being expressed compared to the 
amphipod and Neanthes bioassay responses.   A total of 60 DMMUs exhibited two-hit and 19 
had one-hit toxicity responses, with 28 DMMUs passing the nondispersive interpretive 
disposal guidelines.   

 
c) Neanthes 20-day Growth Bioassay (Neanthes arenaceodentata).    The results of the 

Neanthes growth bioassay (Appendix 4c and Table 2) showed generally low toxicity among 
the 107 DMMUs characterized, with 11 DMMUs exhibiting two-hit responses and 19 
exhibiting one-hit responses, with the remaining 77 DMMUs passing the nondispersive 
disposal guidelines for this bioassay.   

 
d) DMMP Bioassay Summary Determination.   Overall interpretation of the Phase 1 bioassay 

responses indicates that 72 out of 99 of the Stage II East Waterway DMMUs passed the 
DMMP unconfined-open-water disposal bioassay guidelines, while the remaining 27 
DMMUs are unsuitable (See Appendicies 2 and 4a-c and Table 2).   Four of the U.S. Coast 
Guard DMMUs were found to be unsuitable and four were found to be suitable for 
unconfined open-water disposal.  Only one DMMU (S23) out of eight exceeding the ML 
Rule (see paragraph 7 above) passed the bioassays.  This DMMU (S23) was subject to Tier 
III bioaccumulation testing discussed below. 

 
e) Bioaccumulation Trigger Exceedances.  Of the 49 DMMUs that had BT exceedances (see 

Appendix 2), 25 (including S-23) passed the DMMP bioassays interpretation guidelines for 
open-water-unconfined disposal during Phase 1 testing.   Table 3 highlights the 25 DMMUs 
and chemicals exceeding BTs that were subject to bioaccumulation testing during Phase 2.   
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Table 3.   DMMUs with bioaccumulation trigger exceedances (amended 8/8/2007). 
 

 Sediment Concentrations exceeding BT 
 
 

DMMUs > BT 

TBT 
BT = 0.15 

μg/liter (porewater) 
Initial/Retest 

 

Fluoranthene 
BT = 4,600 

μg/kg-DW 
Initial/Retest 

Total DDT 
BT = 50 
μg/kg-DW 

Initial/Retest 

Total PCBs 
BT = 38 

mg/kg-OC norm.-DW 
Initial/Retest 

S4 0.18 / 0.11    
S5 0.31 MB / 0.09   103 / 53 
S6 0.45 MB / 0.08   50 / 21 
S7 0.19 MB / 0.09    
S8 0.17 M / 0.24    
S9    48 / 103 
S10    42 /329 
S11   51 U / 47 127 / 42 
S13    44 /82 
S14    56 / 98 
S16   58 UJ / 61 77 / 44 
S19    45 / 44 
S21 0.15 M / 0.17   90 / 60 
S23 0.28 J / 0.22  98 U / 43 212 /81 
S31 0.35 B / 0.51    
S39 0.23 M / 0.77    
S40 0.19 M / 1.05    
S41 0.23 M / 0.18    
S43 0.21 MB / 0.12    
S46 0.22 / 0.38    
S47 0.83 / 4.0    
S49 0.25 MB / 0.24   38 /90 
S50 0.19 B / 0.12 6,400 / 800  88 / 41 
S52 0.20 M / 0.17    
S57 0.92 MB / 0.47    

  
Legend:  DW = dry weight;  OC = organic carbon normalized value; M = estimated value; 
  B = possible blank contamination; J = estimated value; U = Undetected at reported concentration;           
 UJ = analyte not detected above the reported sample quantitation limit; Shaded cells denote DMMU’s     
failing bioaccumulation test interpretation guidelines (see discussion paragraphs 16 – 21) 
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Phase 2:  Sediment Chemical Testing: 
 
9.  Phase 2 sediment resampling was conducted by Striplin Environmental Associates, and occurred 

between 29 March  and 9 April 1999, and included the retesting of subsurface composited DMMU 
D7 sediments as three separate uncomposited DMMUs (see paragraph 4 above).   The results of the 
chemical retesting of these sediments paralleled the results found in the Phase 1 analysis of the 
composited sample (see Appendix 2, page 5), identifying mercury, total DDT and total PCBs as 
problem chemicals, which were quantitated in all three DMMUs (D7a, D7b, D7c).  The 
concentrations varied however, and mercury concentrations were much higher in all three Phase 2 
DMMUs, with the highest concentration being 2.42 mg/ kg (1.1 X ML) in DMMU D7a.   Total DDT 
measurements were relatively similar between the initial and retested DMMUs.  Total PCBs in 
contrast were much lower in the retested DMMUs than in the initial analysis.  Bioaccumulation 
triggers were exceeded for mercury (D7a, D7b), total DDT (D7a, D7b, D7c), and total PCBs (D7b, 
D7c).  Maximum level exceedances were noted for mercury (D7a) and total DDT (D7c).   All three 
DMMUs were subject to concurrent bioassay testing, and the bioassay results are summarized below 
in paragraph 11. 

 
10. The sediment analytical results of the 25 DMMUs that underwent bioaccumulation testing are 

presented in Appendix 5.  The results of these sediment analyses indicated that there was often a 
large disparity between the Phase 1 and Phase 2 analytical results for the COCs that exceeded the 
BTs.   When sediment chemistry results from Phase I testing exceeded those from Phase II, the ratio 
of the two was used to adjust the bioaccumulation tissue concentrations to reflect a “worst case” 
analytical result.   In the cases where the ratio was less than 1 (Phase 1 < Phase II), no adjustments 
were made to the tissue concentration.  Conventional sediment parameters were also reanalyzed for 
the 25 DMMUs and indicated the sediment characteristics were largely similar between Phase 1 & 2.   

 
Biological Testing: 
 

11. Standard bioassay testing was conducted on three subsurface DMMUs (D7a, D7b, D7c) from 
the Stage II East Waterway dredging area within the 56-day biological holding time.  Appendix 
3 summarizes the solid phase bioassay Quality Control (QC) performance guidelines and also 
summarizes the solid phase bioassay interpretative guidelines for nondispersive sites, which 
were used to evaluate the bioassay data discussed below. Appendix 6 summarizes the batch 
specific bioassay toxicity testing outcomes for the three DMMUs tested during Phase 2.  A 
single reference sample was collected from Carr Inlet to block for grain size effects.  In general, 
the negative control and reference sediments met the DMMP performance limits for each of the 
three-bioassay tests to assess toxicity.  The results for each of the three-bioassay tests are 
summarized as follows.  All three DMMUs were found to be unsuitable for unconfined open-
water disposal (UCOWD), where both the amphipod and Neanthes growth bioassays scored 
one-hit responses for all three DMMUs.  The sediment larval bioassay scored two-hit responses 
for D7a and D7b, and a one hit response for D7c.  Results of Phase II testing demonstrated a 
more pronounced toxic response than was shown during Phase I testing of this DMMU. The 
overall determination, however, was consistent with the Phase 1 bioassay results which also 
found the composited D7 unsuitable for UCOWD (see Appendix 2, page 5). 
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Bioaccumulation Testing: 
 

12. As noted in paragraph 8e above, only 25 of 49 DMMUs with one or more BT exceedances in 
Phase 1 testing were subjected to bioaccumulation testing. The remaining 24 DMMUs failed 
Tier III bioassay testing and no additional testing (e.g., bioaccumulation) was required to 
complete the suitability determination. 

 
13.  Bioaccumulation testing was performed with Macoma nasuta, a facultative deposit 

feeding/suspension feeding bivalve and Nephtys caecoides, a burrowing facultative deposit 
feeding/carnivorous polychaete. The two species were tested together in the same 8-gallon 
aquaria.   The standard PSDDA bioaccumulation test duration is 28 days.  However, to provide 
a better approximation of steady-state tissue concentrations for the tested chemicals (TBT, 
Fluoranthene, total DDT, and total PCBs), the applicant (Corps of Engineers/Port of Seattle) 
agreed to extend the exposure period to 45 days based on the recommendation of the DMMP 
agencies. The actual test was terminated at 44 days due to an increased rate of mortalities 
among the test species near the end of the test period. 

 
14. Five replicate 8-gallon aquaria were run for the negative control, for each of the 3 reference 

sediments, and for each of the 25 tested DMMUs. In addition to the routine water quality 
metrics (temperature, salinity, dissolved oxygen, pH) that were monitored during the exposure 
period, the DMMP agencies recommended and the applicant agreed to collect an additional 
metric, wet-weight growth, during the exposure period to further assess the general health and 
well-being of the test animals (Appendix 7). The results of growth and survival measurements 
taken for each species during the exposure period suggested that for Macoma nasuta there was 
no apparent relationship between mean growth and survival during the exposure period (Figure 
4a).  The results for Nephtys caecoides indicated there was a statistically significant (p<0.01) 
negative effect on survival with a reduction in mean growth during the exposure period (See 
Figure 4b).  

 
Tissue Chemistry: 
 

15. Tissue concentrations of chemicals-of-concern from the 44-day exposures were compared 
statistically to the appropriate reference sediment, based on grain size similarity comparisons.  
As noted in paragraph 10 above, the calculated ratios of Phase 1 (initial)/Phase II (retest) 
sediment chemistry were used to adjust the observed tissue concentrations.  Statistical 
comparisons of test DMMUs and reference tissue concentrations for the final interpretation 
“worst case” analyses were based on the adjusted tissue concentrations. The summary tissue 
chemistry interpretation for each of the measured chemicals is provided in Appendix 8 for each 
of the 25 DMMUs tested. 

 
Bioaccumulation Interpretation: 
 

16. The DMMP agencies agreed that comparing statistical differences from reference is a 
necessary, but not sufficient condition to determine a DMMU unsuitable for open-water 
disposal. For those DMMUs that 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) Action Levels for 
Poisonous and Deleterious Substances in Fish and Shellfish for Human Food;  b) PSDDA 
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target tissue concentration values for chemicals of concern to human health, and c) ecological 
residue-effects data from the literature. 

 
a) The FDA guidelines for the chemicals of concern addressed by East Waterway Stage II 

bioaccumulation testing are as follows: 
   Tributyltin (TBT):   No guideline 
    Fluoranthene:  No guideline 
    DDT + DDE:  5.0 ppm wet weight (ww) 
    PCBs:   2.0 ppm ww 
 

b) A risk-based approach was adopted by the PSDDA program in 1988 to set target tissue levels 
(TTL) for human health.  The TTL calculated for fluoranthene based on risk to humans 
consuming seafood is 8,400 ppm wet weight.  

 
As part of a suitability determination for the Port of Seattle T-18 dredging project (March 17, 
1997 SDM), the PSDDA agencies re-evaluated the human health-based TTLs for PCBs, total 
DDT, mercury, and TBT.  In recalculating these TTLs, the PSDDA agencies used updated 
cancer slope factors and reference doses, as well as estimates of fish home range.  The TTL 
developed for total DDT is 44 ppm wet weight. 
 

17. The DMMP agencies recently undertook a re-evaluation of the PCB TTL for human health 
(December 1999 DMMP Memo attached as Appendix 9).  Recalculation of the PCB TTL for 
the Elliott Bay disposal site included using an updated cancer slope factor, recent fish 
consumption data, and consideration of PCB biomagnification due to trophic transfer.  Based 
on this analysis, an interim TTL for total PCBs (Aroclor) of 0.75 ppm wet weight has been 
used to interprete bioaccumulation data from the East Waterway Phase II Project. 

 
18.  A recent effort by the Port of Seattle (May 1999)2 involved compilation of the residue-effect 

literature for TBT. It was prepared for the Port of Seattle by EVS Solutions for submittal to the 
U.S.  Environmental Protection Agency for the Harbor Island Superfund Site, Waterway 
Sediment Operable Unit.  Using residue-effects data from this and other studies, EPA 
Superfund developed a tissue trigger level of 3 ppm  dry weight of TBT in tissue (0.6 ppm  wet 
weight ) that was used to evaluate bioaccumulation data from the West Waterway OU (for more 
information see Appendix D of the May 1999 EVS report).  This tissue concentration is 
protective for growth and reproduction endpoints in polychaetes, crustaceans, bivalves, and 
most gastropods.  However, it might not protect the most sensitive species of meso- and 
neogastropods against imposex-related sterility.  Considering that meso- and  neogastropods are 
rare in Elliott Bay (Appendix D in EVS, 1999), the DMMP agencies have decided to use the 
West Waterway TBT trigger level (3 ppm dry weight) on an interim basis to interpret 
bioaccumulation relative to disposal at the Elliott Bay site. 

     
19. To summarize, the DMMP agencies will use the following TTLs to interpret the 

bioaccumulation test data for the East Waterway Stage II and U.S. Coast Guard Slip 36: 

 
2 For TBT, the DMMP agencies relied upon Appendix D of a May 1999 report entitled:  “Review of 
Tissue Residue Effects Data for Tributyltin, Mercury, and Polychlorinated Biphenyls”. Prepared by EVS 
Solutions for the Port of Seattle. 
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  TBT:   3.0 ppm dry weight (dw) as TBT 
  Fluoranthene: 8,400 ppm ww 
  DDT + DDE: 3.0 ppm ww 
  PCB:  0.75 ppm ww  
 

20. The agencies used best professional judgement 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 
DMMP projects as additional bioaccumulation data become available. 

 
21. Each DMMU was compared to the TTL interpretation guidelines.  For test sediment DMMU 

tissues quantitated greater or equal to the TTL no further action is required, as the DMMU fails 
DMMP interpretative guidelines. DMMUs quantitated less than the TTL were subjected to a 
one-tailed one-sample t-test (Appendix 8) to determine whether the test tissues in the 
remaining DMMUs were significantly less than the TTL. Because S23 (ML Rule exceedance) 
failed the bioaccumulation test for PCBs, further testing under a Tier IV evaluation is 
unnecessary to make a suitability determination (see paragraphs 7 and 8d and footnote 1).  Six 
additional DMMUs, S5, S10, S11, S14, S16, and S50 either exceeded or were equal to the 
interim PCB TTL, and also failed the bioaccumulation test. Furthermore, DMMU S31 exceeded 
the interim TBT TTL and therefore failed the bioaccumulation test. None of the remaining 
DMMUs were found to be statistically greater than the bioaccumulation interpretation 
guidelines. In summary, of the 25 DMMUs tested representing 95,340 cubic yards, 8 DMMUs 
failed the bioaccumulation test representing a total volume of 30,320 cubic yards.  

 
Suitability Determination 

 
22. The DMMP agencies accepted the data as sufficient to make a suitability determination for 

open-water unconfined-disposal. Attachment 2 summarizes the final suitability determination 
for each of the 107 DMMUs and summarizes the essential chemical and biological testing 
information forming the basis for these determinations. 

 
23. A total of 400,280 cubic yards3 Stage II East Waterway material in 61 DMMUs3, and 17,340 

cubic yards of U.S. Coast Guard (Slip 36) material in 4 DMMUs passed DMMP evaluation 
guidelines and are suitable for open-water disposal at the Elliott Bay non-dispersive site.  
Thirty-eight DMMUs, representing 184,710 cubic yards for the Stage II East Waterway Project 
and 4 DMMUs, representing 15,790 cubic yards for the U.S. Coast Guard (Slip 36), failed 
bioassay, ML guidelines, or bioaccumulation testing and are unsuitable for open-water 
unconfined disposal.  

 
24. This memorandum documents the suitability of the material tested during the Stage II East 

Waterway and U.S. Coast Guard (Slip 36) characterization for dredging and disposal at the 
Elliott Bay non-dispersive open-water disposal site.  However, this suitability determination 
does not constitute final agency approval of the project.  A dredging plan for this project must 
be completed as part of the final project approval process.  A final decision will be made after 

 
3 The volume and number of DMMUs does not include the 26,090 cubic yards represented by 6 DMMUs 
characterized within the Stage II Navigation Channel, which were included in 7 September 1999 SDM.  
These DMMUs were dredged during Fall 1999 as part of the Stage 1 East Waterway Project. 



full consideration of agency input, and after an alternatives analysis is done under Section 
404(b )( 1) of the Clean Water Act. 

Concur: 
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David Kendall, Ph.D., Seattle District Corps of Engineers 

11J. /,,."/aq 
~ 

Copies Furnished: 
Larry Scudder, Coq)s Project Manager 
Steve Martin, Corps 
Erika Hoffman, EPA 
Rick Vining, Ecology 
Tom Gries, Ecology 
Ted Benson, DNR 
Doug Hotchkiss, Port of Seattle 
DMMOFile 

of Ecology 



<& 

VICINllY MAP & ELLIOIT BAY PSDDA 
DISPOSAL SITE LOCATION 

fl I !OIT BAX DISPOSAi SITE 
fT1"tl "...,. ... .,..M 
MU:: •U ~· Oarnt. JOO-JtO ft, 
snt OllllCNSIOMl llOO tt . o., 4000 tt. O'l'ld 
DIS~ lOti(J ttoO II. l>t4 M .. W 
TAllOCT AACA: t200 ft . Ol-tw 
IAltCt ,.min<>H.o wcnt00: m 
""'°27 u>GAflOf'I~ u.r. •r J.5 ,t·T lt»IO 1u- 11 .w 
HAOU L.OC:.AOC»h LU •r" J.),H· LDHO 122" 21,.S:" 

(J1 

CXl 

+ 
0 
0 

(J1 (J1 (J1 (J1 
(J) ~ N 0 

+ + + + 
0 0 0 0 
0 0 0 0 

Si S2"' S3 4 SS S6 S7 
€0- 1 E0-2 ED-J ED-• Ell~$ EO-e ED- 7 

• • • • • • • 
SlO · S13 

~9 E0-10 rn ,/:;,I -; , 2 
• • • E0-9 U) " 

• • • rr> 17 EO-· e ED-14 E0-15 LO··' 

S1 6 • 
Si 4 S15 S17 S18 

S20 S21 • $19 e:o-n • E0 -20• ro! 21 $22 E0-19 
I 
• t0-J4 S34 S35 e tO-J~ 

EOe~ S46 ro-•~ S47 

~ 
()) 

+ 
0 
Gl- .. 

I f l-J. 

• m-a1 

s...:.a. ~=>-.a 

~ 
(]) 

+ 
0 
0 

~ 
~ 

+ 
0 
0 

~ 
N 

+ 
0 
0 

~ 
0 

+ 
0 
Q 

I : 1 I ..:. .: 

PROPOS£0 PROJ£CT AREA IN 
E A S T W A T E R 

ED-es 
• 

ED-"9 • • rn-10 

ne-M ED- 71. m- 12 

• 
S2.3•D - 23 

PIER 
27 

VI 
CXl 

+ 

y 

m-1' 
• 

• to.Si\2 

Section No.: 2.0 
Revision No.: 00 
Date: 03/19/99 

Page No.: 2-3 

....... 

VI ' 
(]) I 

+I 

... -

"' 
0 
N 

;; 
"' .s:. 
(/) 

c 
0 

1J ., 
" .s c 
0 
u 
<! 

"' c 
:.:; 
x 
0 

E 
Cl 

TERMINAL 25 

S44 PROPOSEO SuRrACE OMMU IO(NTlrlCATION NUMBER 
EO- t 9• PROPOSEO SAMPL£ LOCATION 

OlllGINAI.. OAAWING PREPARED 8Y: 

HART),jAN CONSUL11NC CORPORATION 
A SUSS!OIARY OF" FOSTER WHEE1..£R 
ENVIRONMENTAL CORPORATION 

OAT£. J/17/99 

... .. 

I. HORIZONTAL OATUU: WASHINGTON STATE PLANE (NORTH ZONE, NAO 83) 

2. VERTICAL DATUM: CORPS OF ENGINEERS MEAN LOWER LOW WATER = o.o· 
3. BASEMAP, PROPERTY !NrORl.IATION , ANO PIERHEAO LINES PROVIDED BY THE PORT 

or SEAHL£ OIGlrAL ORAWINO r 1L£ NO. PC - t8- 95XX, SEPTCMBCR .... 1995. 

4. VICINITY MAP OIC!f!ZEO rROM v.s.c.s. 7.S MIN OUAORANGLE. S(AnLE NORTH. 

... 
=-+z--

Figure 2- la. 
East lfalenny Channel Deepening 

proposed sample locations and 
surrace OlolllUs. Sheet l or 3 



VI 
CT> 

+ 
VI 
~ 

+ 
0 
0 

j 

VI 
N 

+ 
0 
0 

VI 
0 

I 
T 
0 
0 

... 
0 

TERMINAL 

544 PROPOSEO SURFACE OMMU IO[HTlrtCATION NUMBER 
E0-19 • PROPOSED SAMPL£ LOCATION 

30 

ORICll<AI. DRAWING PRCPAR£0 BY· 

HARTMAN CONSULTINC CORPORATION 
A SUBSIDIARY OF FOSTER WHEELER 
El'MRONMENTAL CORPORATION 

PROJECT: 9802eDI T1 OATt: 3/17 / 99 

N N N N N 
co CT> ~ N 0 co 
+ + + + + + 
0 0 0 0 0 0 
0 0 0 0 0 0 

I I i 

r r 

;:: .. 
~ 
~ .... 
t 

1. HORIZONTAL DATUM: W.t.SHINCTOH STAT[ PLANE (NORTH ZONE, NAO 83) 

2. \IERTICAL DATUM: CORPS or ENGINEERS MEAN LOWER LOW WATER = 0.0' 

3. BASEMAP, PROPERTY IHfORMATION, ANO PIERHEAD LINES PROVIDED BY THE PORT 
or SEATTLE OICITAL DRAWING ru.c NO. PE-18-95XX. SEPTEMBER H. 199S. 

4. VICINITY MAP OICITIZEO FROM U.S.C .S. 7.5 MIN OUAORANCL[, SEATTLE NORTH. 

CT> 

+ 
0 
0 

~ 
~ ... 

"%. 

~ 
~ 

"'. 
\ 

\ 

~ N 

+ + 
0 0 
0 0 

Section No.: 2.0 
Revision No.: 00 
Dale: 03/19/99 

Paic No.: 2-4 

0 

+ 
0 
0 
I 

~ 
. l 

I 

I 
=-.-z--

Figure 2-lb. 
Easl Waterway Channel Deepening 

proposed sample locations and 
surface DMVUs. Sbcel 2 or 3 



0 

& + 
0 (J) ~ f\.l 0 

+ + -+- + + 0 

0 0 
TERI.Ilg 

0 0 
0 0 18 0 Cl 
I I I I t t : i 

PROPOSED PROJECT AREA IN 
EAST WATER 

'G 
I 
: r 

I 

£A S T 

PIER 
34 

WATfRWAY 

P!Ei? 36 

l 

5 4 4 PROPOSED SURF ACE O""U IDENTIFICATION NU .. BER 
E0-19• PROPOS(O SA .. PLE LOCATION 

1.1AIE. 
ORIGINAL OAAlllNC PREPAAEO BY: 

HAATl.IAN CONSULTING CORPORATION 
A SUBSIDIARY OF FOSTER WHEEL.ER 
(NVlRONMENTAL CORPORATION 

PROJECT: 9802601 11 DATE: 3/17 /99 

~PJrR 37 

I 

(' ( 
l1 0 ,. r 

I 
a 
a 
+ 

(() 

1. HORIZONTAL DATUM: WASHINGTON STATE PUN( (NORTH ZONE, NAO 83) 

2 . VERTIC ... L o ... ru .. : CORPS or ENGINEERS ME ... N LOWER LOW w ... TER = o.o· 
~. SASEMAP, PROPERTY INFORM ... TION, ANO PIERHEAO UHCS PROV10£0 BY THC PORT 

or SEATILE OICITAL DRAWING FILE NO. PE- 18-9SXX, SEPTEMBER u. 1995. 

4. VICINITY MAP DIGITIZED FROl.f U.S.G.S. 7.5 WIN OUADRAHGl.E, SEATTl.£ NORTH. 

Section No.: 2.0 
Revision No.: 00 
Date: 03/rn/99 

Page No.: 2-5 

Figure 2-lc. 
East 1atenray Channel Deepening 

proposed sample locations and 
surface Dlll!Us. Sheet 3 or 3 



VICINITY MAP & ELLIOTT SAY PSDOA 
DISPOSAL SITE LOCATION 

ELI IOTI BAX DISPOSAL Sllf 
"'(;- ....... l...,.m 
AIW.A: "' .w.• ounc: soo-uo tt. 
Snt Diii[~ 1200 "· ., 4000 "· (Mf 
Q~ ZOfllCr llOO ft, Dlcwfteter 
fMC[T ~EA: 1200 ''· ~ 
S4llO( lltO'SrTIONHG llC1'WOO: VI'S 
NA011 LOCJ.tlOtt! U.1'. 'r U.17' LOMG ur Zt.58' 
MADIJ LOC4TIOH: Uf •7" ~.H· lOHO 112" 21.4.S' 

.L£.ll.C.Wl 

D INDICATES STAGE I PROPOSED suesuRrACE 
AREAS TO BE RE-~ARACTERIZEO 

(J1 
CXl 

+ 
0 
0 

TERMINAL 

044 PROPOSED SllllSllRFACE OMMll IDENTIFICATION NUMBER 
E0-19• PROPOSED SAMPLE LOCATION 

-- ~. ~ =--=: 

(1 A f"~ 
, -

OAIC""'- OAAWINC Pi!EPAREO llY: 

HARTMAN CONSULTING CORPORATION 
" SUBSl01ARY or rosTtR WHEELER 
ENVIRONMEl'lTAL CORPORATION 

PR<lJECT: 980760 ITI OATt: 3/17/99 

(J1 
(j) 

+ 
0 
0 

25 

(J1 (J1 (J1 ~ ~ 
~ N 0 CXl (j) 

+ + + + + 
0 0 0 0 0 
0 0 0 a.. .. 0 

I i L.J. 

~ 
~ 

+ 
0 
0 

~ 
N 

+ 
0 
0 

I I i I 

~ 
0 

+ 
0 

._Q 
I ! - .. 

VI 
CXl 

+ 
0 
0 

Section No.: 2.0 
Revision No.: 00 
Date: 03/19/99 
Pace No.: 2-6 

VI' 
(j) I 

+I a : 
,rrpr, .. 1t 1r ~ I 

I 

PROPOSED PROJECT AREA 
EAST WATER 

IN 
y 

El>-: D-2 

0-31 ~ 
~-81 r 

011 

0-32 

0-30 

PIER 
27 

1. HORIZOl<TAL DATUM : WASHINGTON STATE PLAN[ (NORTH ZONE, NAO 83) 

2. V[RTICAL DATUM: CORPS or ENGINEERS MEAN LOWl:R LOW WATER = o.o· 
3. BASCMAP. PROPERTY INFORMATION. ANO PIERHEAD LINES PROVIDED BY THE PORT 

OF SU.TILE DIGITAL DRAWING FILE NO. PE-111-95)()(. SEPTCMllER 1•. 1995. 

~. VICINITY MAP OIGITIZCD fROM U.S.C.S. 7.5 MIN OUAORANCLE, SEATILE NORTH. 

-• 

012 
£0-50 

• 

El>-2•• 
D 1 3;EI. - J J . • 1 ") 

• £])-J7 
0 1 4(El .(~:·5: 1") 

El, -~1 · • I') 

of%-38 
e ED-52 

--.z-e-
... 

P') 

0 
N 

" ., 
~ 
Cf) 

c 
0 ,, ., 
:J 
c 

:;:; 
c 
0 
u 

I <( 

011 ., 
El 

c 
:J 
-" 

... - 0 

1:! 

... - (IJ 

Pi(ure 2-2a. 
East lfaterway Channel Deepenlnc 

proposed aample locations and 
subsurface DMMUs. Sheet I of 3 



I 
~ 

Vl Vl Vl Vl N N N N N 
O'> ~ N 0 OJ O'> ~ N 0 OJ 

+ + + + + + + + + + 
b 0 0 0 0 0 0 0 0 0 0 

0 0 0 0 0 0 C> 0 0 0 FTl"R!llll~L 'F I I I I i I 

i i 

~I 
PROPOSED PROJECT AREA IN 

.>< 
0 1 

~, 

ED-25 e 

01 8 
• E0-54 

ED-.W • 
0 19 
• E0-55 

TERMINAL 

30 

.w;,tliD 

D INOICATCS SfAGC I PROPOSED SUBSURrACC 
ARCAS TO BC RE-CHARACTERIZED 

044 PROPOSED SUBSURrACC OMMU IDCNTlrlCATION NUMBER 

ED-19• PROPOSCO SAMPLE LOCATION 

fSA\IE. 
ORICINA.L OAAWlNC PRCPAACO llY: 
HA.RTM>.N CONSULTING CORPORATION 
>. SUSSIOIARY Of F"OSTER WHEUER 
ENlllRONt.l( NTAL CORPORATION 

PROJCCT. 980260111 OATE: J/1 7/ 99 

EAST WA T£ Y 

020~-41 

• 
ED- 56 

t!QI[.S;. 

.. ---
• ED-5 

• E0-26 

1. HORIZONTAL DATUM: WASHINCION STATC PU.NC (NORTH ZONE, NAO 83) 

2. VERTICAL DATUM: CORPS Of ENGIH CCRS MEAN LOWER LOW WAIER = 0.0' 

3. 8ASCMAP, PROPERTY INFORMATION, AHO PICRHCAO UNES PROVIDED BY THE PORT 
Of SCATTlL DIGrTAL ORAWINC fll.( HO. PE-18-9SXX. SEPTEMBER 14, 1995. 

4. VICIHITY MAP DIGITIZED FROM U.S.C.S. 7 .5 MIN QUAORA.NCl£, Sl'.ATTL£ NORTH. 

...... 
O'> 

+ 
0 
0 

•Ol- 27 

ED. - '4 

\ 
~ 
~ 

"'. 
\ 

\. 

~ 

+ 
0 
0 

023 

N 

+ 
0 
0 

Section No.: 2.0 
Revision No.: 00 
Dalli: 03/19/99 

0 

+ 
0 
0 
I 

Page No.: 2-7 

1 

j; 
11") 

1_ 

I~ 
I 

c ~ g 

I] 
I C 

I ~ 
0 
u 

I al 

i ~ _,, 
1 0 

i~ 

~ 
1 
I 

I 
=+2--

. ... 
t;;;; .. I .... 

Figure 2-2b. 
Eul lfalllnray Channel Deepening 

proposed sample locations and 
subsurrace OM.lolUs. Sheet 2 or 3 



0 

0 & + 
Ci> ~ N 0 

+ + + + + 0 

0 

I 1 
0 
I 

0 
T£Rlolg 18 

0 0 
0 0 0 

I I I I I :r 

I 
I 

NI 
-.;• ... PROPOSED PROJECT AREA IN 

~1 EAST WATER Y 
g, 

.:::: I 

il I 
::i 
Cl 

~ · 0 
(.) 

cn, .,, 

~I 
0 1 

~· all 
I 
I 

I 
·~ I 
I i 
I 

CJ. S T 

PIER 
34 

WJ.TCRWAY 

Plit'? 36 

S44 PROPOSEO SURFACE DlollolU IDE~ITlnCATIOH HUlolQCR 

ED-19 • PROPOSED SAWPLE LOCATION 

:5AIC. 
ORIQIW. ORAWIHC PRa>AREO BY: 
HARTWAN CONSULTING CORPORATION 
" SUBSIDIARY or FOSTER WHEELER 
ENVIRONMENTAL CORPORATION 

PROJEcT: 980260ITI 01.TC: 3/17/99 

• ED-29 
024 • ED-30 

J! .., .. 
"' 

I 
0 
0 

-f-
0 

"'PICR 

I I I I 
a 
0 

-f-
C'\J 

37 
I 

<£ 
l I 0 ,, 

• E0-32 
t~ .. 

I I I 

0 
a 
-f-

""' ;;: 
"' ~ ,.. I 
"' 

• ED-33 

I I 
a 
0 
-f-

co 

1. HORIZONTAL DA.TUM: WASHllfGTON STATE PLANE (NORTH ZONE, Nl.O 63) 

2. VERTICAL DATUM: CORPS or EHCIHEERS MEAi< LOWER lOW WATER : o.o• 

3. BASEMAP, PROPERTY INFORMATION. ANO PIERHEAO LINES PROV1DEO BY THE PORT 
or SEl.TTLE OICITJ.l. DRAWING FILE HO. PE- 18-9$XX, SEPTEMBER ,., 199$. 

• . VICINITY loll.P OICITIZEO rROll U.S.C.S. 7.5 MIN QUAl>RAHCLE, SEATTLE NORTH. 

~z-

""---==-""'!=..,.::::;:;.~.~---------

Section No.: 2.0 
Reviaion No.: 00 
Date: 03/19/99 

Pe.ge No.: 2-8 

Piaure 2-2c. 
East ll'atenray Channel Deepeninc 

propoaed sample location& and 
subsurface DMMU1. Sheet 3 of 3 



I -

l 

l 
] 

] 

] 

}J 

] 

] 

J 
] 

i 
J 

1 

·~ 
1 

Nole•: 

CG-I. -ouo 

.... 

I. Sound1n1• in tect and refer t.o Mean Lower Low Water. NOS 
2. HoruonW D.tum: Yuhin&ton SUic Pion• North Zono. NAD63 (feet) 

~ S62 ,., 

~. Bathymotry SUnoy ta.ten I, 2 April 11198 by U.S. Army Corp• of llnclneero, SeotUo Dllltrict 

(S:urvey File: lNl-SK-001). 

4. Bue mop prep&nd for U.S. Coul Guard by Haney R. Dood 4c A.Noc., !J>c. 

6 

= 

1-----
l. ____ _ 

. ! . ' 
' \\j 
~L---o 

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

LEGEND 

S 61 Propooed Surface Oii.MU 

50 100 200 

• Proposed Borinr LocaUon 
CG-1 Scale in Feel 

Figure 4-1. Coast Guard sllp deepening 
proposed boring locations 
and surface DYMUs. 



] 

] 

] 

1 

1 

l 

l 

J 

Not.ea: 

J. Sowull.a.rt lD fut e.nd refe:r to Mean Lowc:r I.ow Watar. NOS 
2. Bol'Uontal D•twn: Y•ahlJ>cton SUt. PIAAo !forth %4no, NAD83 (r .. t) 
:S. Bathymt1>7 SUroeJ Uken l, 2 April 1119'1 ~1 U.S. ~ Col']I• of !ncltuton, ~atUo Dlotrict 

(SW9oy Pllo: M-511-001). 
4. a. .. map pn-p•nd for U.S. Coaat Cu&rd by Bane7 I. Doocl le Anoe .• Inc. 

7 

- ,. 
;::J 

! 
' 

Ci 

\'.:'if I 

~\·' ! 
! ! ; 
~\; 
,,} I '.•l ....... 
~ 

I 

LEGEND 

D40 Propooed Subeurlace D.IUllU 0 
• Propoeed Bonne Local.ion 

CG-! 
0 50 100 200 

Scale in feel 

Fleure 4 -2. Cout Guard slip deepenine 
propo1ed boring locations 
and subsurlace DMMU. 



Figure 4a. Macoma Growth versus Survival 

44 day bioaccumulation test (East Waterway) 
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44 day bioaccumulation test (East Waterway) 
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Appendix 1. 

CENWS-OD-TS-DM  
 
MEMORANDUM FOR RECORD     7 September 1999 
 
SUBJECT: SUPPLEMENTAL DETERMINATION ON THE SUITABILITY OF SELECTED 
DREDGED MATERIAL TESTED UNDER THE EAST WATERWAY STAGE II PROJECT FOR 
INCLUSION IN THE EXPANDED EAST WATERWAY PROJECT (95-02133) STAGE I 
FOOTPRINT (TERMINAL 18) BETWEEN STATIONS –4+00 TO 30+00  EVALUATED 
UNDER SECTION 404 OF THE CLEAN WATER ACT (CWA) FOR OPEN-WATER DISPOSAL 
AT THE  ELLIOTT BAY DISPOSAL SITE. 
 

1.  The following summary supplements the initial suitability determination memorandum (SDM) dated 
March 17, 1997 for the Port of Seattle’s Terminal 18 Project (now called the COE/Port of Seattle 
East Waterway Stage I Project), and reflects the consensus determination of the Agencies' (U.S. 
Army Corps of Engineers, Department of Ecology, Department of Natural Resources, and the 
Environmental Protection Agency) with jurisdiction on dredging and disposal on the suitability of  
an estimated 26,090 cy of dredged material tested as part of the COE/Port of Seattle East Waterway 
Stage II Project characterization located in Elliott Bay in Seattle, Washington for unconfined open-
water disposal at the Elliott Bay disposal site.  

 
2.  The material to be included in the expanded Phase I footprint is located between Stations –4+00 to 

30+00, and is estimated to constitute approximately 10,000 cy of Stage II material located within the 
federal channel from a total volume of 618,120 cubic yards, which is currently undergoing testing1 
(see memo at Attachment 1 and Figure 1.3 from memo).  The expanded footprint will include 
portions of the Stage II sediment characterized in the six DMMUs, S25, S26, S27, S28, S29, S30, 
which collectively constitute approximately 26,090 cubic yards of material. The design depth for the 
Navigation Channel is 51 feet MLLW + 1 foot of overdepth (Corps datum).  A portion of the 
expanded footprint area is already at the design depth.  

 
3.  This SDM only documents Phase II sampling/testing results for 6 surface Dredged Material 

Management Units (DMMUs) characterized out of a total of 107 DMMUs, which constitute 26,090 
cubic yards of potential dredged material from the total Phase II dredging footprint of 618,120 cubic 
yards.  As noted above, portions of the area occupied by these DMMUs are to be included in the 
Phase I dredging footprint expansion lying within the federal channel.  A separate SDM will 
document the testing outcome determination summary for the remaining 101 DMMUs out of the 
total 107 DMMUs tested, which are not included in this SDM. All the Phase II material was ranked 
high for testing purposes, and sampling of the DMMUs consisted of collecting one uncomposited 
vibracorer sample from each of the six surface DMMUs during the Phase II sampling effort between 
27 July 1998 and 28 August 1998 by the contractor (SAIC). 

 

                                                 
1 All Phase II testing is complete except bioaccumulation tissue chemistry. 
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4.  The Agencies' approved sampling and analysis plan for testing the six DMMUs was followed, and 
quality assurance/quality control guidelines specified by the Puget Sound Dredged Disposal 
Analysis Users Manual were generally complied with. The data gathered were deemed sufficient and 
acceptable for decision making by the Dredged Material Management Program (DMMP) agencies 
based on best professional judgment. 

 
5.  Relevant dates for regulatory tracking purposes are included in Table 1. 
 
Table 1.  Regulatory Tracking Dates 
 

SAP Approval date: July 26, 1998 

Sampling date(s):  July 27 to 28 August 1998 

Data report submittal date: March 20, 1999 

Recency Determination Date:   High (2 years) August 2000 

 
 
6.  Table 2 summarizes the sediment conventional, chemical, and biological testing results for the six 

uncomposited DMMUs analyzed. Chemical analysis of the composited DMMUs indicated that there 
were detected or undetected exceedances of screening levels for all six DMMUs, and 
bioaccumulation exceedances (BT) of TBT for S25 and S26, and additional BT exceedances of DDT 
and Dieldrin for S25.  The DDT SL was exceeded in all six DMMUs. There were no maximum level 
chemical guideline exceedances for the six DMMUs.  Concurrent bioassay toxicity testing was 
accomplished for all six DMMUs, and these results are summarized below. 

 
7.  Table 3 depicts the batch specific biological toxicity testing outcome summary for each of the six 

DMMUs.  Negative control and reference sediments met the performance limits for each of the three 
bioassays used to assess toxicity. The results indicated that no toxicity was expressed for the 
amphipod bioassay, whereas double hit responses were observed for four of six DMMUs (e.g, S25, 
S26, S28, S30) for the bivalve larval bioassay.  Correspondingly there was a single hit response 
(S25) and double hit response (S26) for the Neanthes 20-day growth bioassay. Evaluating the 
collective responses, S25 and S26 fail the nondispersive disposal guidelines based on corroborating 
responses from two bioassays. Because S28 and S30 had no corroborating bioassay hits to support 
the bivalve larval responses, both passed the nondispersive disposal guidelines. 

 
8.  The agencies concluded that two of six DMMUs (S25 and S26) representing 8,510 cubic yards are 

unsuitable for unconfined open-water disposal and the remaining four DMMUs (S27, S28, S29, S30) 
representing 17,580 cubic yards passed the PSDDA non-dispersive disposal site guidelines for open-
water disposal. Therefore, 8,510 cubic yards are unsuitable for placement at the Elliott Bay open-
water disposal site, and 17,580 cubic yards are suitable for open-water disposal at the Elliott Bay 
disposal site.  
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Table 2.  Data Summary for the six DMMUs in expanded footprint. 
 

DMMU ID:      S25    S26    S27    S28    S29    S30   
 Rank:      H    H    H    H    H    H   

 CHEMICAL NAME   Units   SL   BT   Conc.  VQ  Conc.  VQ  Conc.  VQ  Conc.   VQ   Conc.  VQ  Conc.  VQ 
 Cadmium mg/kg 5.1  7.7            
 Mercury mg/kg 0.41 1.5           0.491  
 Zinc mg/kg 410  460            
 TBT ion (porewater) ug/L 0.15 0.15 0.56 M 0.30 MB         
 Acenaphthene ug/kg 500  660            
 Fluorene ug/kg 540  650            
 Phenanthrene ug/kg 1,500  2,300            
 2-Methylnaphthalene ug/kg 670  860            
 Total LPAHs ug/kg 5,200  5,500            
 Fluoranthene ug/kg 1,700 4,600 1,800            
 Total DDT ug/kg 6.9 50 74 U 22 UJ 10 UJ 25 J 12 J 20 J 
 Aldrin ug/kg 10 37 12 U           
 Alpha-Chlordane ug/kg 10 37 12 U           
  Dieldrin ug/kg 10 37 38 U 11 U         
 Heptachlor ug/kg 10 37 25 U           
 Total PCBs ug/kg 130  1,170  660  135  172    410  
 Total PCBs (TOC- normalized) mg/kg  38 29  35  14  11    24  
 Sediment Conventionals: 
 Total Solids 

 
% 

   
45.6 

  
57.8 

  
68.3 

  
64.9 

  
66.7 

  
60.7 

 

 Total Volatile Solids %   9.7  5.0  2.9  3.0  4.0  3.4  
 Total Organic Carbon %   4.1  1.9  1.0  1.6  1.3  1.7  
 Total Ammonia mg/kg   230  45  13  32  3.8  25  
 Total Sulfides mg/kg   1,600  290  16  46  36  38 U 
 Gravel %   0.2  1.7  0  0.2  1.6  0.6  
 Sand %   24.8  37.9  60.1  34.9  41.9  31.4  
 Silt %   58.3  41.6  27.4  48.7  43.7  41.7  
 Clay %   16.7  18.8  12.2  16.3  12.6  26.3  
 Fines (percent silt + clay) %   75  60.4  39.6  65.0  56.3  68  
 Preferred reference match: %   81  43  43  81  43  81  
 Bioassay Toxicity Testing:      
Eohaustorius estuarius hits: 

               

 Mytilus galloprovincialis hits:    2H  2H    2H    2H  
 Neanthes arenaceodentata hits:    1H  2H          
 Bioassay Pass/Fail:    F  F  P  P  P  P  
 BTs exceeded:    Yes  Yes  No  No  No  No  
 ML Rule exceeded:    No  No  No  No  No  No  
 PSDDA Determination:    F  F  P  P  P  P  
 DMMU Volume: cy   4,100  4,410  4,420  4,400  4,400  4,360  
 DMMU ID:    S25  S26  S27  S28  S29  S30  
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STATION 

 
 

Amphipod 
(Eohaustorius 

estuarius) 

 
 

Bivalve Larval 
(Mytilus sp.) 

 
 
 

20-day Neanthes 
Growth 

 
DMMP 
Determination: 
Suitable/Unsuitable 

 Mortality (%) (NCMA)2 % % Survival Growth 
(mg/ind/day) 

 

 
 

Control 
03

14

25,8

8.36,9

11.53

16.47

100 
92  

100 

0.765,10

0.816,9

0.733

 

 
Carr 81 Reference 

(81 % fines) 

63

44

155

9.26

31.93

5.55

96 
100 
100 

0.633

0.776

0.547

 

   
Carr 43 Reference 

(43 % fines) 
58 14.89

6.210

100 81.79  

 
S25 

(75 % fines) 

 
10 

 
53.7 

(2-H) 

 
28.3 

 
0.23 

(1-H) 

 
Unsuitable 

 
S26 

(60.4 % fines) 

 
5 

 
34.1 

(2-H) 

 
42.5 

 
0.43 

(2-H) 

 
Unsuitable 

 
S27 

(39.6 % fines) 
 

9 
 

17.8 
 

80.3 
 

0.78 
 

Suitable 
 

S28 
(65 % fines) 

 
7 

 
28.3 

(2-H) 

 
78 

 

 
0.76 

 
Suitable 

 
S29 

(56.3 % fines) 
 

11.2 
 

16.9 
 

66.3 
 

0.71 
 

Suitable 
 

S30 
(68 % fines) 

 
18 

 
28.5 

(2-H) 

 
67.5 

 
0.66 

 
Suitable 

 
Legend.  2H = 2 hit response (DMMP guidelines); 1H = 1 hit response (DMMP guidelines) 
 

                                                 
2 NCMA = normalized combined mortality and abnormality 
3 S25 
4 S26, S28 
5 S30 
6 S28 
7 S26, S29, S30 
8 S27, S29 
9 S27 
10 S26, S29 
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9. This memorandum documents the suitabil ity of the material within the expanded footprint tested 
during the Stage II characterization fo r dredging during Stage I for disposal at the Elliott Bay non­
dispersive open-water disposal site. However, this suitability determination does not constitute 
final agency approval of the project. A dredging plan for this project must be completed as part of 
the final project approval process. A final decision will be made after full consideration of agency 
input, and aflcr an alternatives analysis is done under Section 404(b)(l) of the Clean Water Act. 

Concur: 

w~1r? 
' Date 

J6:-FE99 
Date 

Copies Furnished: 

Ri Vining, Washington Departrn t of Ecology 

~-~....-== 
Ted Benson, Washington Department of Natural Resources 

Corps Regulatory Branch Project Manager 
Justine Barton, EPA 
Erika Hoffman, EPA 
Rick Vining, Ecology 
Ted Benson, DNR 
DMMOFile 



l CENWS-PM-CP July 21, 1999 

MEMORANDUM fOR DREDGED MATERIAL MANAGEMENT OFFICE 

SUBJECT: EAST WATERWAY CHANNEL DEEPENING, PROPOSAL TO 
INCREASE WIDTH OF STAGE I fOOTPRINT BETWEEN STATIONS -4+00 TO 
30+00 

I. This memorandum requests PSDDA agency approval for enlargement of the Stage 
I footprint to include all of the Federal channel between the subject stationing. The Stage 
I footprint was developed by the Port of Seattle to meet access needs at Terminal 18 prior 
to Corps of Engineers involvement. This is an important consideration because it 
explains why the full Federal channel width was not included in the proposed footprint 
when designed. Within the subject stationing, the east edge of the proposed footprint is 
50 feet west of the east edge of the Federal channel. See attached drawings. 

2. The rationale for including this segment in the Stage I contract is to fully excavate 
the Federal channel throughout the initial 3,400 feet of the East Waterway and avoid the 
necessity of dredging a long and narrow segment (3,400 feet x 50 feet) in Stage II. The 
action would remove from Stage II all Federal-.dredging requirements north of station 
30+00, except for the Coast Guard slip, and would be consistent with the 450 feet wide 
Federal channel as established by the Stage I report. If the Stage II analysis did not result 
in a feasible project, the status of this narrow strip would be in question. We would not 
have the authorized Federal channel, however dredging of this 50 foot wide strip by itself 
would be very expensive and would therefore, never be constructed. 

3. Enlarging the footprint would result in a small increase in quantity of up to I 0,000 
cubic yards, which would include some material unsuitable for open water disposal. The 
unsuitable material is contained in the northern most 75 feet of S25, and all of S26. In 
addition, the sideslope \VOuld extend into S45, which is unsuitable, and S41, S43, and the 
northern third of S40. all three of which are subject to tier IV (bio-accurnulation) testing, 
and may be unsuitable. According to the SAP. the volumes of these DMMUs are 
approximately 5,000 cubic yards (cy). However, a revie\v of cross-sections within this 
area indicate that the actual volume to be removed is closer to 2.500 cy. As \vith other 
unsuitable Stage I sediment. this material would be disposed of at an upland disposal site 
that is licensed to receive it. The remaining material. up to 7.500 cy, would be disposed 
of at the Ellion Bay PSDDA site. This represents dredged material increase of roughly 
3~ and .6% for unsuitabk and suitable sediments respectively. 

(.~~ r?#Y, 
;f -:r-Larrv Sy{!~ 

;/ Projt:c; Manager 

I 
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID: S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17
Rank: H H H H H H H H H H H H H H H H H

CHEMICAL NAME Units SL BT ML Conc. VQ Conc VQ Conc VQ Conc VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         0.519     0.488   0.515   1.0       0.528   0.638   0.502   0.561      0.473   0.608      0.619      
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       0.26       0.18       0.31       MB 0.15       MB 0.19     MB 0.17     M 0.25        J
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   3,500   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          8             U 19          U 12          U 8.1       12        39        UJ 20        U 51        U 52        UJ 28        UJ 40           UJ 19        UJ 58           UJ 51           UJ
 Aldrin ug/kg 10          37          18        U 15        U 14        U 11           U 22           UJ 16           UJ
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          21        U 28        U 18        U 23           U 27           U 27           U
 Heptachlor ug/kg 10          37          13        U 10           U 17           U 14           U
 Total PCBs ug/kg 130        3,100     580        200        1,540     1,000     270      540      1,300   1,060   3,440   1,970   1,360   1,670      860      2,310      1,690      
 Total PCBs (TOC- normalized) mg/kg 38          48          14          103        50          16        25        48        42        127      66        44        56           37        77           60           
 Total Solids % 67.6       69.6       68.7       67.0       58.2       60.8       64.7     58.6     47.5     55.5     55.3     47.0     55.0     49.0        52.8     47.5        48.8        
 Total Volatile Solids % 3.2         3.5         3.6         3.0         5.1         4.8         3.8       5.0       7.4       6.0       5.3       7.4       8.1       7.1          5.8       8.4          7.1          
 Total Organic Carbon % 1.2         0.7         2.4         1.4         1.5         2.0         1.7       2.2       2.7       2.5       2.7       3.0       3.1       3.0          2.3       3.0          2.8          
 Total Ammonia mg/kg 5.5         3.2         3.9         2.7         26          11          8.7       44        150      33        110      160      93        120         56        170         170         
 Total Sulfides mg/kg 430        33          67          160        600        360        430      260      1,400   120      66        3,100   2,500   1,300      310      2,100      2,000      
 Gravel % 1.4         0.5         1.0         0.1         0.4         0.5         5.9       0.3       0.4       0.4       0.2       -       1.0       0.4          0.4       -         0.6          
 Sand % 64.8       69.3       67.3       55.8       43.8       47.9       55.1     34.8     14.9     23.6     30.1     17.4     25.3     15.1        26.0     16.2        14.9        
 Silt % 22.0       20.4       23.8       31.2       45.4       33.8       26.1     47.4     69.7     51.7     51.4     69.3     60.0     65.0        56.5     70.7        66.7        
 Clay % 11.7       9.6         8.0         12.9       10.2       17.9       13.0     17.5     14.8     24.3     18.3     13.3     14.0     19.6        17.2     13.1        17.7        
 Fines (percent silt + clay) % 33.7       30.0       31.8       44.1       55.6       51.7       39.1     64.9     84.5     76.0     69.7     82.6     74.0     84.6        73.7     83.8        84.4        
 preferred reference match: % 43.0       20.0       43.0       43.0       43.0       43.0       43.0     81.0     81.0     81.0     81.0     81.0     81.0     81.0        81.0     81.0        81.0        
 Eohaustorius estuarius hits: 2H
 Mytilus galloprovincialis hits: 1H 2H 2H 2H 2H 2H 2H 2H 2H 2H 2H 2H
 Neanthes arenaceodentata hits: 2H 2H 2H
 Bioassay Determination: (P/F) F P P P P P P P P P P F P P P P F
 BTs eyesceeded: yes yes yes yes yes yes yes yes yes yes yes yes yes yes
 Bioaccumulation conducted: no yes yes yes yes yes yes yes yes no yes yes yes no
 Bioaccumulation Determination: P F P P P P F F P F F
 ML Rule exceeded:
 PSDDA Determination: F P P P F P P P P F F F P F P F F
 DMMU Volume: cy 3,820     3,180     3,240     3,290     3,310     3,310     3,300   3,010   4,100   3,790   3,790   3,790   4,120   3,650      3,560   3,560      3,560      
 DMMU ID: S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 S13 S14 S15 S16 S17

Fail Fail Fail
Failed: 3,820     3,310     3,790   3,790   3,790   3,650      3,560      3,560      
Passed: 3,180     3,240     3,290     3,310     3,300   3,010   4,100   4,120   3,560   
Bioaccumulation (DMMU tested) 3,290     3,310     3,310     3,300   3,010   4,100   3,790   3,790   4,120   3,650      3,560      
Bioaccumulation Failed 3,310     3,790   3,790   3,650      3,560      
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32
H H H H H H H H H H H H H H H

Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ
13.0           7.7             

0.523        0.601        0.491        

2,900        460            
0.15           M 0.28           J 0.20           M 0.56           M 0.30           MB 0.35           B

650            660            
650            650            

2,400        2,300        

860            
5,500        
1,800        

7.6        U 14         U 37              UJ 98              U 504            J 74              U 22              UJ 10              UJ 25              J 12              J 20              J
18              U 20              U 18              U 12              U

15              U 12              U
16              U 23              U 34              U 38              U 11              U 

17              U 25              U
717       500       1,620        5,500        2,290        1,170        660            135            172            410            

45         33         90              212            64              29              35              14              11              24              
62.5        62.0      66.2      59.0           63.5           56.2           48.1           45.6           57.8           68.3           64.9           66.7           60.7           60.7           76.1           
3.9          4.0        5.3        4.9             3.8             6.1             7.8             9.7             5.0             2.9             3.0             4.0             3.4             2.2             2.6             
1.6          1.6        1.5        1.8             1.7             2.6             3.6             4.1             1.9             1.0             1.6             1.3             1.7             1.1             0.7             
18           51         65         120            4.8             130            360            230            45              13              32              3.8             25              5.5             16              

490         710       1,500    2,300        21              UJ 860            960            1,600        290            16              46              36              38              U 110            63              
0.3          0.7        0.3        0.4             0.7             0.6             0.4             0.2             1.7             0.2             0.2             1.6             0.6             5.5             3.8             

36.2        48.2      51.4      35.9           47.9           28.0           9.5             24.8           37.9           60.1           34.9           41.9           31.4           69.5           76.7           
48.1        34.0      38.2      53.5           36.2           55.6           56.8           58.3           41.6           27.4           48.7           43.7           41.7           14.4           15.7           
15.4        17.2      10.2      10.4           15.2           16.0           33.2           16.7           18.8           12.2           16.3           12.6           26.3           10.5           3.8             
63.5        51.2      48.4      63.9           51.4           71.6           90.0           75.0           60.4           39.6           65.0           56.3           68.0           24.9           19.5           
81.0        43.0      43.0      81.0           43.0           81.0           81.0           81.0           43.0           43.0           81.0           43.0           81.0           20.0           20.0           

2H 2H 2H 2H 2H 1H 2H 2H 2H 2H 2H 2H
2H 1H 1H 2H

P P F P P P F F F P P P P P P
yes yes yes yes yes yes yes
yes yes yes no no no yes
P P F F

yes yes
P P F P P F F (c+b) F F P P P P F P

3,870      4,070    4,000    4,000        4,170        4,030        3,760        4,100        4,410        4,420        4,400        4,400        4,360        4,300        4,770        
S18 S19 S20 S21 S22 S23 S24 S25 S26 S27 S28 S29 S30 S31 S32

4,000    4,030        3,760        4,100        4,410        4,300        
3,870      4,070    4,000        4,170        4,420        4,400        4,400        4,360        4,770        
 4,070    4,000        4,030        4,300        

4,030        4,300        
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

S33 S34 S35 S36 S37 S38 S39 S40 S41 S42 S43 S44 S45 S46 S47
H H H H H H H H H H H H H H H

Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc.
5.5             

0.702        0.751        0.888        0.646        0.522        0.702        

620            450            
0.29           MB 0.50           MB   0.33           M 0.23           M 0.19           M 0.23           M 0.21           MB 0.22           0.83           

12,000      
610            800            
670            620            

2,200        2,400        

2,100        
18,450      

4,000        2,400        2,400        
3,500        

12,750      
180            

1,400        
90              

24              
56              M

56              UJ 150            UJ 100            J 19              
13              U 38              U 42              U 15              U

22              U 11              U
37              U 32              U 29              U

13              U 20              U 23              U 20              U
178            1,790        5,000        5,360        2,030        440            150            182            330            490            

10              60              161            114            60              21              8                10              19              25              
67.1           75.0           51.0           52.7           47.5           49.2           59.3           71.7           62.1           66.1           66.5           57.5           56.4           67.1           58.6           

4.3             2.3             4.8             6.5             8.4             8.2             6.6             2.7             5.7             3.3             2.3             4.4             6.1             2.6             4.7             
2.6             1.7             3.0             3.1             4.7             3.4             2.1             1.6             2.0             1.1             1.2             1.8             2.3             1.7             2.0             
61              3.4             180            260            420            170            65              22              17              36              25              52              75              6.4             71              

460            270            760            1,100        1,400        1,400        720            170            160            340            350            83              230            2,000        650            
1.1             13.1           0.2             -            0.6             -            1.6             2.9             11.6           0.5             1.0             3.3             0.6             16.2           1.6             

56.9           69.5           24.4           28.1           17.4           13.2           54.8           72.9           35.0           45.7           44.1           26.2           17.0           58.7           52.0           
30.8           10.6           55.4           54.6           60.1           65.7           32.0           14.5           37.4           35.0           40.4           40.6           50.0           17.3           37.7           
11.1           6.8             20.1           17.3           21.9           21.1           11.4           9.7             16.2           18.8           14.6           30.0           32.7           7.7             3.7             
41.9           17.4           75.5           71.9           82.0           86.8           43.4           24.2           53.6           53.8           55.0           70.6           82.7           25.0           41.4           
43.0           20.0           81.0           81.0           81.0           81.0           43.0           20.0           43.0           43.0           43.0           81.0           81.0           20.0           43.0           

 2H
2H 1H 2H 1H 1H 1H 2H 2H 2H 2H 2H 2H 2H 2H 2H

2H 1H 1H 1H
P F F F F F P P P P P P F P P

yes yes yes yes yes yes yes yes yes yes
no no no no yes yes yes yes yes yes

P P P P P P
yes yes

P F F F (c+b) F (c+b) F P P P P P P F P P
3,400        4,090        4,040        4,050        4,050        4,050        4,040        4,040        4,040        4,050        3,630        2,990        4,080        4,210        4,020        

S33 S34 S35 S36 S37 S38 S39 S40 S41 S42 S43 S44 S45 S46 S47

4,090        4,040        4,050        4,050        4,050        4,080        
3,400        4,040        4,040        4,040        4,050        3,630        2,990        4,210        4,020        

4,040        4,040        4,040        3,630        4,210        4,020        
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

S48 S49 S50 S51 S52 S53 S54 S55 S56 S57 S58 S59 S60 D1
H H H H H H H H H H H H H H

VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ
6.7             

0.937        1.16           0.519        0.470        
10              

500            360            820            
0.22           M 0.25           MB 0.19           B 0.20           M 0.92           MB

1,200        1,200        
1,300        1,100        
8,400        4,300        
1,800        

880            730            700            
14,856      9,712        

3,200        6,400        4,400        2,400        
3,200        6,500        5,400        3,400        

1,900        1,400        
1,500        J 2,100        2,100        

2,000        
1,400        J 1,100        

430            J 600            J
1,600        J 1,100        J

15,830      J 25,300      J 17,950      

13,000      J

870            

UJ 41              J 30              UJ 35              UJ 72              J
12              U 32              U

20              U
11              U 12              U 53              U 12              U
11              U 42              U

2,150        910            1,930        4,300        275            150            260            195            205            
52              38              88              93              18              12              12              15              27              

65.5           50.7           62.0           51.1           67.3           68.7           62.5           73.2           65.4           62.8           75.6           72.7           71.6           70.9           
608.0        4.8             4.0             8.4             3.7             2.9             7.2             2.0             3.7             5.5             3.0             1.3             3.0             2.7             

4.1             2.4             2.2             4.6             1.5             0.7             1.3             0.8             1.0             2.1             1.3             0.7             0.8             0.4             
98              91              7.1             230            14              55              26              17              73              35              9.9             15              13              13              

2,200        1,300        1,400        2,000        79              540            930            220            140            630            28              13              110            18              U
2.9             0.8             2.5             3.2             0.2             0.4             7.3             15.3           0.4             1.0             6.6             0.7             1.7             0.1             

70.0           35.5           56.5           31.2           50.5           46.2           71.6           53.8           46.4           57.3           66.0           86.2           78.2           77.3           
18.1           53.6           33.2           49.6           35.9           45.3           17.4           24.9           39.5           32.1           20.5           9.2             13.3           16.9           

8.9             10.2           7.9             16.2           13.3           7.9             3.7             5.9             13.9           9.6             7.1             3.7             6.8             5.5             
27.0           63.8           41.1           65.8           49.2           53.2           21.1           30.8           53.4           41.7           27.6           12.9           20.1           22.4           
20.0           81.0           43.0           81.0           43.0           43.0           20.0           20.0           43.0           43.0           20.0           20.0           20.0           20.0           

1H 2H 2H 1H 2H 2H 2H 2H 2H 2H 2H
2H 1H
F P P F P P P P P P P P P P

yes yes yes yes yes yes
no yes yes no yes yes

P F P P
yes

F P F F (c+b) P P P P P P P P P P
2,980        3,840        3,890        4,090        3,910        4,090        3,860        4,130        3,930        4,090        3,890        4,020        3,590        9,640        

S48 S49 S50 S51 S52 S53 S54 S55 S56 S57 S58 S59 S60 D1
Fail

2,980        3,890        4,090        
3,840        3,910        4,090        3,860        4,130        3,930        4,090        3,890        4,020        3,590        9,640        
3,840        3,890        3,910        4,090        

3,890        
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

D2 D3 D4 D5 D6 D7 D7a D7b D7c D8 D9 D10 D11 D12 D13
H H H H H H H H H H H H H H H

Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc.

730            

0.466        0.755        2.4             1.5             0.92           0.502        
6.5             

458            

58              U 60              U 58              U

60              U 58              U 58              U

77              UJ 50              Y 55              Y 70              Y 16              U 9.5             

52              U
46              U

210            3,900        660            1,600        1,700        174            350            260            
9                122            26.4           59.2           62.9           12              18              11              

70.8           70.9           69.8           61.0           67.8           54.7           56.0           58.0           55.0           69.1           69.7           62.8           76.0           66.0           59.8           
2.1             2.0             2.8             5.7             3.6             7.3             11.0           6.5             7.2             3.4             3.6             4.8             2.5             3.0             5.9             
1.0             1.0             0.7             2.4             1.6             3.2             2.5             2.7             2.7             2.0             1.4             2.0             0.7             1.2             2.3             

9                28              30              170            73              310            360            340            420            96              70              170            54              140            260            
130            76              38              U 210            440            880            1,400        1,400        2,400        780            580            540            40              850            2,000        
0.8             0.2             0.3             0.5             0.3             0.2             -            0.4             1.3             -            2.1             0.2 0.2             

77.1           73.0           75.7           35.8           60.2           7.5             6.9             51.0           60.5           26.0           59.2           43.2 20.0           
16.5           16.3           18.7           48.1           27.8           55.3           65.1           36.6           27.1           53.0           29.2           40.2 53.7           

5.6             10.4           5.2             15.6           11.8           36.8           28.0           12.1           11.1           21.0           9.5             16.5 26.3           
22.1           26.7           23.9           63.7           39.6           93.1           73.0           77.0           84.0           48.7           38.2           74.0           36.0           56.7           80.0           
20.0           20.0           20.0           81.0           43.0           81.0           84.7           84.7           84.7           43.0           43.0           81.0           43.0           43.0           81.0           

2H 1H 1H 1H
2H 2H 2H 2H 1H 2H 2H 1H

1H 1H 1H 1H 2H 1H
P P P P P F F F F P P F P P F

yes yes yes yes yes
no no no no no

yes
P P P P P F (c+b) F F F P P F P P F

10,750      11,110      9,490        12,900      12,120      12,130      4,043        4,043        4,044        11,940      12,060      11,860      11,570      10,720      12,120      
D2 D3 D4 D5 D6 D7 D7a D7b D7c D8 D9 D10 D11 D12 D13

12,130      11,860      12,120      
10,750      11,110      9,490        12,900      12,120      11,940      12,060      11,570      10,720      
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

D14 D15 D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 D27
H H H H H H H H H H H H H H

VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ
                          

0.645             0.767        

                               
                                       

                                          

                            
                                 

      

100            

UJ 15              J

13              U

1,220        160            210            170            
47              12              14              11              

60.0           68.8           71.0           65.5           69.5           70.1           72.5           76.4           69.8           72.8           71.9           71.8           70.5           71.8           
5.7             3.5             3.2             4.6             3.6             3.5             2.7             2.5             3.5             2.1             3.3             3.3             3.6             3.4             
2.6             2.5             1.5             1.3             1.5             1.5             0.8             0.9             0.8             0.8             1.1             1.0             1.0             0.8             

340            130            54              100            64              170            65              58              57              52              37              37              110            83              
3,200        2,300        370            280            190            800            44              22              U 69              22              U 90              25              52              100            

-            0.6             0.3             0.3             0.9             0.4             0.2             0.1             0.6             -            0.1             0.1             -            -            
22.9           50.6           66.2           36.7           75.5           54.4           51.0           47.8           81.8           60.2           61.8           55.0           55.1           61.5           
56.2           36.1           24.4           48.1           18.9           32.0           38.1           42.2           12.5           32.3           31.2           35.0           32.6           26.2           
21.1           12.8           9.1             14.8           4.5             13.0           10.5           9.9             5.3             7.4             7.0             9.9             12.3           12.3           
77.3           48.9           33.5           62.9           23.4           45.0           48.6           52.1           17.8           39.7           38.2           44.9           44.9           38.5           
81.0           43.0           43.0           81.0           20.0           43.0           43.0           43.0           20.0           43.0           43.0           43.0           43.0           43.0           

1H 2H 2H 2H 2H 2H 2H 2H 2H 2H
1H 2H
F F P P P P P P P P P P P P

yes
no

F F P P P P P P P P P P P P
15,210      14,690      10,640      10,240      10,880      11,750      12,010      11,390      11,800      11,920      12,600      11,870      3,970        3,530        
D14 D15 D16 D17 D18 D19 D20 D21 D22 D23 D24 D25 D26 D27

15,210      14,690      
10,640      10,240      10,880      11,750      12,010      11,390      11,800      11,920      12,600      11,870      3,970        3,530        

Page 6



Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

D28 D29 D30 D31 D32 D33 D34 D35 D36 D37 D38 D39 CG-S61 CG-S62 CG-S63
H H H H H H H H H H H H H H H

Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc.
6.6             

0.824         0.768        0.827        

840            

   
1,500        

1,900        
3,700        

98              U

98              U

98              U
490            U

98              U
980            U

   
98              U
98              U

18              U 76              U 92              U 190            U 110            U 8.2             32              
12              U 22              U 22              U

14              U 14              U
20              U 33              U 32              U 35              U

16              U
950            1,650        4,090        4,200        2,150        220            190            440            

38              59              132            124            60              10              22              26              
68.3           71.8           70.9           75.0           67.3           63.9           67.6           63.8           59.7           57.8           54.2           58.2           67.0           69.7           64.9           

3.6             2.8             4.2             2.7             3.7             7.0             4.3             6.0             6.7             6.8             7.3             5.1             2.2             2.9             5.3             
1.3             1.2             1.2             0.5             2.5             2.8             1.4             1.7             3.1             3.4             3.6             2.2             0.9             0.9             1.7             
95              87              160            60              150            400            430            230            480            720            680            210            3.6             6.1             6.6             
22              U 30              190            16              250            260            130            110            160            110            730            200            69              1,400        340            
0.1             0.1             0.3             -            0.5             1.2             0.1             -            0.9             0.4             -            0.3             4.3             0.3             1.6             

75.4           53.8           54.6           58.8           47.6           53.2           29.2           19.3           18.7           21.3           7.9             12.6           72.2           57.5           66.0           
15.9           35.8           35.1           34.9           38.7           30.8           46.0           54.9           58.8           57.0           64.5           59.6           16.9           32.9           27.3           

8.7             10.3           10.1           6.2             13.1           14.7           24.5           25.9           21.6           21.5           27.6           27.5           6.6             9.2             5.1             
24.6           46.1           45.2           41.1           51.8           45.5           70.5           80.8           80.4           78.5           92.1           87.1           23.5           42.1           32.4           
20.0           43.0           43.0           43.0           43.0           43.0           81.0           81.0           81.0           81.0           81.0           81.0           20              43              43              

2H
1H 2H 1H 1H 1H 2H 1H

2H 1H 1H 1H 1H 1H 1H 1H 2H
P P P P F F F F F F F P P P F

yes yes yes yes yes
no no no no no

yes yes
P P P P F F F F F (c+b) F (c+b) F P P P F
3,550        3,760        5,340        5,640        5,480        4,270        4,200        4,150        3,920        3,700        3,790        3,750        3,830        3,880        3,940        

D28 D29 D30 D31 D32 D33 D34 D35 D36 D37 D38 D39 CG-S61 CG-S62 CG-S63

5,480        4,270        4,200        4,150        3,920        3,700        3,790        3,940        
3,550        3,760        5,340        5,640        3,750        3,830        3,880        
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Appendix 2 (Erratum Correction: 8/8/2007). East Waterway Dredging Project: PSDDA Evaluation Summary

DMMU ID:
Rank:

CHEMICAL NAME Units SL BT ML
 Cadmium mg/kg 5.1         14          
 Copper mg/kg 390        1,300     
 Lead mg/kg 450        1,200     
 Mercury mg/kg 0.41       1.5         2.3         
 Silver mg/kg 6.1         6.1         8.4         
 Zinc mg/kg 410        3,800     
 TBT ion (porewater) ug/L 0.15       0.15       
 Naphthalene ug/kg 2,100     2,400     
 Acenaphthene ug/kg 500        2,000     
 Fluorene ug/kg 540        3,600     
 Phenanthrene ug/kg 1,500     21,000   
 Anthracene ug/kg 960        13,000   
 2-Methylnaphthalene ug/kg 670        1,900     
 Total LPAHs ug/kg 5,200     29,000   
 Fluoranthene ug/kg 1,700     4,600     30,000   
 Pyrene ug/kg 2,600     16,000   
 Benzo(a)anthracene ug/kg 1,300     5,100     
 Chrysene ug/kg 1,400     21,000   
 Benzo(a)pyrene ug/kg 1,600     3,600     
 Indeno(1,2,3-c,d)pyrene ug/kg 600        4,400     
 Dibenzo(a,h)anthracene ug/kg 230        1,900     
 Benzo(g,h,I)perylene ug/kg 670        3,200     
 Total HPAHs ug/kg 12,000   69,000   
 1,4-Dichlorobenzene ug/kg 110        120        120        
 Hexaclorobenzene (HCB) ug/kg 22          168        230        
 Bis(2-ethylheyesyl)phthalate ug/kg 8,300     13,870   
 2-Methylphenol ug/kg 63          77          
 4-Methylphenol ug/kg 670        3,600     
 2,4-Dimethylphenol ug/kg 29          210        
 Pentachlorophenol ug/kg 400        504        690        
 Benzyl alcohol ug/kg 57          870        
 Benzoic acid ug/kg 650        760        
 Dibenzofuran ug/kg 540        1,700     
 Hexachlorobutadiene ug/kg 29          212        270        
 N-Nitrosodiphenylamine ug/kg 28          130        130        
 Ethylbenzene ug/kg 10          27          50          
 Total Zylene (sum of o,m,p) ug/kg 40          160        
 Total DDT ug/kg 6.9         50          69          
 Aldrin ug/kg 10          37          
 alpha-Chlordane ug/kg 10          37          
  Dieldrin ug/kg 10          37          
 Heptachlor ug/kg 10          37          
 Total PCBs ug/kg 130        3,100     
 Total PCBs (TOC- normalized) mg/kg 38          
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
 Gravel %
 Sand %
 Silt %
 Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 Eohaustorius estuarius hits:
 Mytilus galloprovincialis hits:
 Neanthes arenaceodentata hits:
 Bioassay Determination: (P/F)
 BTs eyesceeded:
 Bioaccumulation conducted:
 Bioaccumulation Determination:
 ML Rule exceeded:
 PSDDA Determination:
 DMMU Volume: cy
 DMMU ID:

Failed:
Passed:
Bioaccumulation (DMMU tested)
Bioaccumulation Failed

CG-S64 CG-S65 CG-S66 CG-S67 CG-D40 DMMU
H H H H H SL detection freq. Legend:  

VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ Conc. VQ #/107  t failure (DMMP 
5                          2H = two hit failure (DMMP Guidelines)

640            2                          P = Pass (Suitable for UCOWD)
680            1                          F = Failure (Unsuitable for UCOWD)

32                        UCOWD = Unconfined open-water disposal 
12              3                          U = Undetected at the reported concentration

510            9                           Y =undetected, raised reporting limit due to interference
27                        VQ = Validation Qualifier

1                          UJ = undetected above sample quantitation limit.
6                          M = estimated value with low spectral match.
6                          B = possible blank contamination.
6                            J = analyte positively identified, estimated concentration
1                          BT = bioaccumulation trigger (sediment chemical value) exceedance
6                          ML = maximum level (upper chemical guideline) exceedance
4                          SL = screening level (lower chemical guideline)
9                          CG = US Coast Guard Slip 36 Characterization

5,000        4,900        9                          
2                          
3                          
1                          
2                          

250            3                          
2                          

14,510      5                          
1                          
1                          
1                          
1                          
1                          
3                          
1                          
1                          
1                          
1                          
1                          
1                          
1                          
1                          

J 58              J 15              30              10.9           48                        
19                        

8                          
24                        
13                        

380            190            63                        
20              8                

63.5           71.8           56.4           60.5           75.7           
6.1             2.8             5.3             5.0             1.9             
1.9             1.1             2.3             2.5             0.8             
12              13              8.8             67              35              

620            280            600            510            63              Total Pass Fail % unsuit. UCOWD
2.4             0.4             1.5             5.5             0.5             Bioac. (cy): 95,340    65,020    30,320    31.8%

57.5           64.9           44.1           47.9           68.0           
33.1           30.1           48.5           36.7           25.8           

7.0             4.5             6.0             9.8             5.7             
40.1           34.6           54.5           45.5           31.5                  

43              43              43              43              43              

1H 1H 1H 2H

F F F P P
yes
no

Total Pass Fail % unsuit. UCOWD
F F F P P Total Volume: EWS2 (cy): 584,990    400,280    184,710    31.6%
3,840        3,980        4,030        3,870        5,760        618,120               USCG36 (cy): 33,130      17,340      15,790      47.7%

CG-S64 CG-S65 CG-S66 CG-S67 CG-D40 Totals: 618,120    417,620    200,500    32.4%

3,840        3,980        4,030        200,500           cy Unsuitable for UCOWD
3,870        5,760        417,620           cy Suitable for UCOWD

95,340             cy  Total volume tested for bioaccumulation
30,320             cy
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Appendix 3. DMMP BIOASSAY PERFORMANCE STANDARDS AND EVALUATION GUIDELINES 

Negative Reference Dispersive Disposal Site . ·: Nondispersive Disposal Site 
Bioassay Control Sediment Interpretation Guidelines .. Interpretation Guidelines , 

Perf onnance Perfon:nance . . · . . . . 

Standard . S.taridard 
.. .. 

.. 1-hit rule I 2-hit rule · • : · . -1-hit rule I 2-hit rule . .. . . . 

Amphipod Mc::: 10% MR -Mc :: 20% MT-Mc >20% Mr-Mc >20% 
and and 

MT vs MR SD (p=.05) Mr vs MR SD (p=.05) 
and and 

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

Larval Ne+ I~ 0.70 NR:: Ne:: 0.65 Nr +Ne < 0.80 Nr + Ne< 0.80 
and and 

NT/Ne vs NR/Nc SD (p=.10) Nr!Nc vs NR/Nc SD (p=.10) 
and and 

NR/Nc - Nr!Nc > 0.15 I NOCN NR/Nc - Nr!Nc > 0.30 I NOCN 

Neanthes Mc:::'. 10% MR:::: 20% MIGr + MI Ge < 0.80 MIGr + MIGc < 0.80 
growth and and and and 

MIGc > 0.38 MIGR + MIGc :: 0.80 
MIGr vs MIGR SD (p=.05) MIGr vs MIGR SD (p=.05) 

and and 

MIGr!MIGR < 0.70 I NOCN MIGr!MIGR < 0.50 I MIGT/MIGR < 0.70 

M = mortality, N = normal survivors, I= initial count, MIG =mean individual growth rate (mg/individual/day) 
SD = statistically different, NOCN =no other conditions necessary, NI A = not applicable 
Subscripts: R =reference sediment, C =negative control, T = test sediment 



Appendix 4a. Ampbipod Testing Results 

Test Sediment Mortality Tosi Mortality 
Met Performance minus Sign. Dlff. Percent over >20% over Apparent 

Proj•ct Sample# Blind ID # Batch % Fines Criteria Mortality(%) Reference Mortality(%) from Reference Control Control Mortality Failure• 

Stage I 
Control Yes 3 

Slage I 028 980022 24.6 13 t .O 10 N Pass 
REF20% 980012 20.6 Yes 12 9 N Pass 

Slage I 027 980020 38.5 15 -2.0 12 N Pass 
Slage I 03t 980018 41.1 18 1.0 15 N Pass 
Slage I 026 980016 44.9 10 -7.0 7 N Pass 
Stage I 030 980024 45.2 15 -2.0 12 N Pass 
Stage I 0 33 980028 45.5 18 1.0 15 N Pas• 
Stage I 029 980013 46.1 t4 -3.0 11 N Pass 
Stage I 032 980026 51.8 18 1.0 15 N Pass 

REF43% 980011 43.4 Yes t 7 14 N Pass 

Slage I 034 980004 70.5 13 -2.0 10 N Pass 
Slage I 037 980005 78.5 14 -1.0 11 N Pass 
Slage I 036 980006 80.4 21 6.0 18 N Pass 
Siege I 035 980030 80.8 22 7.0 19 N Pass 
Stage I 039 980032 87. 1 18 3.0 15 N Pass 
Stage I 038 980002 92.1 33 18.0 30 y Two-hit 

REF 81% 980010 81 Yes 15 12 N Pas• 

Coast Guard 

Conlrot Yes 0 
Coast Guard S07 980103 3 46 5 5 1.0 5 N Pass 

REF 43% 980011 3 43 4 Yes 4 4 N Pass 

Control Yes 
Coast Guard 040 980139 4 31 .5 1 -1.0 0 N Pass 

REF20% 980012 4 20.6 Yes 2 N Pass 

Control Yes 2 
Coast Guard sa1 980102 6 23 5 6 4.0 4 N Pass 

REF20% 980012 6 20 6 Yes 2 0 N Pass 

Coast Guan! S63 980135 6 324 7 2.0 5 N Pass 
Coast Guard S65 980t04 6 34 6 6.2 1.2 4.2 N Pass 
Coast Guard S64 S80t27 6 40 1 15 10.0 13 N Pass 
Coast Guan! S62 980126 6 421 II 6.0 9 N Pass 
Coast Guard S66 980105 6 54 5 10 5.0 8 N Pass 

REF43% 980011 6 43.4 Yes 5 3 N Pass 



Appendix 4u. Amphipod Testing Result s 

Test Sodlmont Mortalily Test Mortality 
Met Performance minus Sign. Dllf. Percent over >20-4 over Apparent 

Projed Semple I Blind ID # Batch •t. Finss Criteria Mortality (Yo) Reference Mortality (Yo) from Reference Control Control Mortality Failure• 

Siege I 
Control Yes 3 

Slage I 028 980022 24.6 13 1.0 10 N Pass 
REF20% 980012 206 Yes 12 9 N Pass 

Slagel 027 980020 3$5 15 -2.0 12 N Pass 
Sla.ge I 031 980018 41 .1 18 1 0 15 N Pass 
Slage I 028 980016 44.9 10 -7.0 7 N Pass 
SI.age I 030 980024 45.2 15 -2.0 12 N ' Pass 
Sl:agel 033 980028 45.5 18 I 0 15 N Pass 
Stage I 029 980013 4fl 1 14 -3.0 11 N Pass 
Slag& I 032 980026 518 18 t 0 15 N Pass 

REF 43% 980011 43.4 Yes 17 14 N Pass 

Stage I 034 980004 70.5 13 -20 10 N Pass 
Stage I 037 980005 78.5 14 -1.0 11 N Pass 
Stage I 036 980006 80.4 21 6.0 18 N Pass 
Stage I 035 980030 80.8 22 70 19 N Pass 
Stage I 0 39 980032 87.1 18 3.0 15 N Pass 
Stage I 038 980002 92. 1 33 18.0 30 y Two-hit 

REF 81% 980010 81 Yes 15 12 N Pass 

Coast Guard 

Control Yes 0 
Coast Guard S67 980103 3 46.5 5 1.0 5 N Pass 

REF43% 980011 3 43.4 Yes 4 4 N Pass 

Control Yes 1 
CoutGuard 040 980t39 4 315 1 -1.0 o N Pass 

REF20% 980012 4 20.6 Yes 2 N Pass 

Conttol Yes 2 
Coast Guard S61 980102 6 23.5 6 4.0 4 N Pass 

REF20% 980012 6 206 Yes 2 0 N Pass 

Coast Guard 563 980135 6 32.4 7 2.0 5 N Pass 
Coast Guard S65 980104 6 34.6 6.2 1.2 4.2 N Pass 
CoastGua.rd 564 980127 I) 40. 1 15 10.0 13 N Pass 
CoostGuard S62 980126 6 42.1 11 6.0 9 N Pass 
Coast G ua.rd S66 980105 6 54.5 10 5.0 8 N Pass 

REF 43'.4 980011 6 43.4 Yes 5 3 N Pass 



Appendix 4a. Amphipod Testing Results 

Test Sediment Morteltty Test Mortality 

Met Petformence minus Sogn. Dfft. Pere.nt ov•r >20% ov•r Appa .. nt 

Projeet S.mpl• II Blind 10 I Batch % Fines Crrterla Monality (•.4! Reference Mortellty (%) from Reforence Control Control Morlellty Failure• 

Control Yes 0 

Stage II 022 980093 3 t7 8 2 00 20 N Pass 

Slag• II S54 980069 3 21 1 2 00 20 N Pass 

Stage II 018 980068 3 234 t -1 0 10 N Pass 

REF20% 980012 3 208 Yes 2 2.0 N Pass 

Stage II 06 980064 3 398 6 20 6.0 N Pass 

Stage II 023 9801 10 3 39.7 3 -1.0 30 N Pass 

S1agc II $39 980078 3 43 4 3 -I 0 3.0 N Pass 

S1age II 019 980076 3 45 5 1.0 5.0 N Pass 

Stage II 020 980073 3 486 8 40 80 N Pass 

Stage II S53 980079 3 53 2 3 -10 30 N Pass 

Stage II S56 980070 3 534 7 30 70 N Pass 

S1ago II 012 980091 3 68 7 a 40 so N Pass 

REF43' 980011 3 434 Yes 40 N Pass 

Stage II 0 17 980080 3 629 7 1 0 7.0 N Pass 

Stage II S36 980089 3 71 9 14 80 14.0 N Pass 

Stag• II SIS 980066 3 73 7 15 90 150 N Pass 

Stage II S25 980067 3 75 10 40 100 N Pass 

Stage II S35 980087 3 755 11 50 11.0 N Pass 

Stage II 545 980106 3 827 23 17.0 23.0 y Two-M 

REF 81% 980010 3 81 Vos e 80 N Pass 

Control Yes 1 

Stage II S59 980094 4 129 12 ~8 02 N Pass 

Stage II 01 980101 4 224 1 -1 0 0.0 N Pass 

Stage II 04 980083 4 239 3 10 20 N Pass 

Stage II 540 980075 4 24 2 8 80 7.0 N Pass 

Stag• II 03 980086 4 26 7 6 4.0 5.0 N Pass 

S1ago II 548 980114 27 4 2.0 3.0 N Pass 

Stage II SSS 980077 4 308 3 1 0 20 N Pass 

REF20% 960012 4 20.6 Yes 2 1.0 N Pass 

Slage II 016 980113 4 335 0 -20 -10 N Pass 

Slage II 024 980118 4 38 2 1 -10 00 N Pass 

Slage 11 '3'>7 980071 4 41 7 2 00 10 N Pass 

Siege II 025 980132 4 44.9 2 00 1.0 N Pass 

Slaga II 021 980131 4 52. 1 2 0.0 1.0 N Pass 

Slage II 541 980072 4 53.6 8 60 7.0 N Pass 

Siege II 542 980129 4 53 8 2 00 I 0 N Pass 

Slage 11 543 980092 4 55 3 1 0 20 N Pass 

Siege II '3'J ~ 4 556 3 1.0 20 N Pass 

REF 43•. 980011 4 434 Yes 2 1 0 N Pass 

Slage 11 526 gso12a 4 60.4 5 1.0 40 N Pass 

Stage II 549 980088 4 638 3 -1.0 20 N Pass 

S111ga II S8 gsooe1 4 64.ll 5 1 0 4.0 N Pass 

Slage 11 S28 980109 4 65 7 30 60 N Pass 

Siege II S51 ll80120 4 658 12 60 11 0 N Pass 

Stage II 544 980107 4 706 15 11.0 14.0 N Pass 

REF 81% 980010 4 81 YDS 30 N Pa .. 



Appendix 4a. Amphipod Testing Results 

Tut Sediment Mortality Tosi Mortality 
Mot Performance minus Sign. Diff. Percent over >20Y. over Apparent 

Project Sample # Blind ID II Botch % Fines Criteria Mortality C--'l Reference Mortality (%) from Referanee Control Control Mortality Failure• 

Control Yes 4 
Stage II 015 980138 5 48.9 8 2.0 4.0 N Pass 

REF43% 980011 5 434 6 0.0 2.0 N Pass 
REF20% 980012 5 20.6 Yes 6 2.0 N Pass 

Slage II Ot4 980142 5 n.3 21 12.0 17.0 N Pass 
Stage II 013 980136 5 80 20 11 0 16.0 N Pass 
Stage II S37 960122 5 82 11 2.0 7.0 N Pass 
Stage II S38 980111 5 86.8 12 30 8.0 N Pass 
Stage II 524 980119 5 90 13 40 9.0 N Pass 

REF 81% 980010 5 81 Yes 9 5.0 N Pass 

Control Yes 2 
Stage II S34 980044 6 174 9 70 7.0 N Pass 
Stage II S60 98013:3 6 20.1 8 6.0 6.0 N Pass 
Stage II 02 980097 6 22.1 6.2 42 4.2 N Pass 
S1age II S31 980134 B 24.9 6 4.0 4.0 N Pass 
S1age II 546 980049 B 25 9 7.0 7.0 N Pass 
S1age II S58 980130 6 27.6 4 2.0 2.0 N P<iss 
Stage II $2 980099 6 30 10 8.0 8.0 N Pass 
Stage II S3 980096 6 31.8 8 6.0 6.0 N Pass 

REF2QO.b 980012 6 20.6 Yes 2 0.0 N Pass 

Stage II $1 980100 6 33.7 5 0.0 3.0 N Pass 
Stage II S7 980082 6 39.1 10 5.0 8.0 N Pass 
Stage II S27 960108 6 39.6 9 4.0 7.0 N Pass 
Stage II S50 980090 6 41 .1 19 14.0 17.0 N Pass 
Siege II S4 980098 6 44.1 12.5 7.5 10.5 N Pass 
Stage II SS2 980112 6 49 2 14 9.0 12.0 N Pass 
Stage II S22 980059 6 514 5 0.0 30 N Pass 
Stage I) SB 980085 6 51 .7 12 70 10.0 N Pass 
Stage II 529 980116 6 563 11 .2 6.2 9.2 N Pess 

REF 43% 96001 1 6 43.4 Yes 5 3.0 N 

Stage II S30 980117 6 68 18 30 16.0 N Pess 
REF 81% 960010 6 81 Yes 15 13.0 N Pass 

•Apparent two-htt failure: however, thl.s has not been confirmed by statistical analyses. 



Appendix 4b. Sediment Larval Bioassay Testing Results 

Test Sediment NCMA Parcent 
Met Performance minus Sign. Dirt. over Control TestNCMA Apparent 

Pro)ect Sample# Blind ID# Batch % Fines Criteria CMA!%l NCMA {'!.) STD Roforence NCMA j%) from Roforence (NCMA) >20'/o Failure• 

Stage I 
Conlrol Yes 4.5 

S1age I 028 980022 24.6 4.0 7.1 2.4 4.0 N Pass 
REF20% 980012 20.6 Yes 1.6 5.8 1.6 N Pass 

Slage I 027 980020 38.5 26.1 23.0 5.5 N 26.1 y Pass 
Slage I 031 980018 41.1 7.0 5.6 -13.6 7.0 N Pass 
S1age I 026 980016 44.9 16 9 4.2 -3 7 16.9 N Pass 
Slage I D30 980024 45 2 14.1 14 3 -6.5 14.1 N Pass 
Slage I 033 980028 45.5 95.3 5.1 74.7 y 95.3 y One-h11 
Stage I 029 980013 46.1 7.5 4.9 -13.1 7.5 N Pass 
Stage I D32 980026 51 8 13 7 88 -6 9 13.7 N Pass 

REF43% 980011 434 Yes 20 6 11 5 20.6 y Pass 

Stage I D34 980004 70.5 38 5 8.4 230 y 38.5 y Two-hil 
Slage I 037 980005 78 5 99 3 08 83.8 y 99 3 y One-h1I 
S1age I 036 980006 80.4 88.5 10.4 73.0 y 88.5 y One-hll 
Stage I D35 980030 80.8 21.3 6.7 5.8 21.3 y Pass 
s1ago I D39 980032 87.1 21 .8 14.8 6.3 21 .8 y Pass 
Slage I 038 980002 92.1 99.4 0.6 83.9 y 99.4 y One-h1I 

REF81% 980010 81 Yes 15.5 11 .3 15.5 N Pass 

Coast Guard 

Conlrol 4 Yes 8.3 
Coasl Guard S61 980102 4 23 5 29.8 5.2 8.2 y 29.8 y Two-hil 

REF20% 980012 4 20.6 Yes 21.6 8.6 21.6 y Pass 

Coast Guard SSS 980104 4 34 6 54.6 5.5 44.7 y 54.6 y One-hi I 
Coasl Guard $67 980103 4 46 5 34.0 11 .5 24 1 y 34.0 y Two-hit 
Coasl Guard $66 980105 4 54.5 58.0 16.0 43 .1 y 58.0 y One-hil 

REF43% 980011 4 43 4 Yes 9.9 7.9 9.9 N Pass 

Control Yes 164 

CoaslGuard 040 980139 5 31.5 18.2 11.4 14.4 18.2 N Pass 
REF20% 980012 5 20.6 Yes 3.8 8.5 3.8 N Pass 

Coast Guard S63 980135 5 32.4 76.6 4.8 70.4 76.6 y One-hi I 
Coasl Guard S64 980127 5 40.1 53.9 14.7 47.7 53.9 y One-nit 
Coast Guard S62 980126 5 42.1 19.1 9.9 12.9 19.1 N Pass 

REF43% 980011 5 43.4 Yes 6.2 7.9 62 N Pass 



Appendix 4b. Sediment Larval Bioassay Testing Results 

Test Sediment NCMA Percent 
Met Performance minU5 Sign. Olff. over Control TNtNCMA Apparent 

Project Sample# Blind ID# Bal ch •1. Fines Criteria CMA(%) NCMA (%) STD Reference NCMA W•l from Reference (NCMA) >20¥. Failure' 

Stage II 

Control Yes 45 
Stage II 05 980035 63.7 11.0 9.1 -4.5 11.0 N Pass 
Stage II S12 980039 82.6 31.5 9.1 16 0 y 31.5 y Two·hil 
Stage II S16 980037 83.8 23.8 8.6 8.3 23.8 y Pass 
Slage II S17 980040 84.4 36.0 15.9 20.5 y 36 0 y Two-hit 
Stage II S9 980034 84.5 22.2 6.5 67 22.2 y Pass 
Stage II S14 980036 84.6 27.9 18.8 12.4 N 27.9 y Pass 
Stage II 07 980038 93.1 22.7 8.5 7.2 22.7 y Pass 

REF81% 980010 81 Yes 15.5 11.3 15.5 N Pass 

Control Yes 11.5 
Stage II S34 980044 2 17.4 58.6 14 9 37.0 y 58.6 y One-hit 
Stage II S32 980058 2 19.5 33.4 8.1 11.8 y 33.4 y Two-hit 
Stage II S54 980069 2 21 .1 47.9 20.0 26.3 y 47.9 y Two-hit 
Stage II 0 18 980068 2 23.4 46.0 12.9 24.4 y 46.0 y Two-hit 
Stage II 546 980049 2 25 49.6 16.2 28.0 y 49.6 y Two-hit 
Stage II SSS 980077 2 30.8 26.4 11.1 4.8 26.4 y Pass 

REF20% 980012 2 20.6 Yes 21.6 11 .6 21.6 y Pass 

Stage II 09 980043 2 38 2 35.4 9.0 7.2 N 35.4 y Pass 
Stage II 011 980060 2 38.7 27.1 4.4 ·1 .1 27.1 y Pass 
Stage II 06 980064 2 39.6 27.6 8.9 -0.6 27 .6 y Pass 
Stage II 547 980050 2 41 .4 50.5 5.2 22.3 y 50.5 y Two-hit 
Stage II 557 980071 2 41 .7 51 .3 6.4 23.1 y 51.3 y Two-hit 
Stage S33 980057 2 41.9 53.3 9.9 25.1 y 53.3 y Two-hit 
Stage 019 9801)76 2 45 57.9 4.1 29.7 y 57.9 y Two-hit 
Stage 520 980045 2 48.4 46.4 11.7 18.2 y 46.4 y Two-hit 
Stage 020 980073 2 48.6 38.9 7.1 10.7 y 38.9 y Two-hit 
Stage 08 980054 2 48.7 35.1 9.3 6.9 N 35.1 y Pass 
Stage 519 980041 2 51 2 57.2 9.0 29.0 y 57.2 y Two-hit 
Stage S22 980059 2 51.4 47.2 13.1 19.0 y 47.2 y Two-hit 
Stage S56 980070 2 53.4 43.5 12.9 15.3 y 43.5 y Two-hh 
Stage 541 980072 2 53.6 49.6 14 4 21.4 y 49.6 y Two-ht! 

REF43% 980011 2 43.4 Yes 28.2 12.7 28.2 y Pass 

Stage II $ 18 980053 2 63.5 36.6 6.1 4.7 N 36.6 y Pass 
Stage II S21 980051 2 63.9 53.9 13.3 22.0 y 53.9 y Two-hit 
Stage II S11 980063 2 69.7 56.7 8.0 24.8 y 56.7 y Two-hit 
Stage II S23 980061 2 71 .6 61.4 6.3 29.5 y 61.4 y Two-hit 
Stage II 515 980066 2 73.7 51 .7 14.2 19.8 y 51 .7 y Two-hit 
Stage II 0 10 980048 2 74 51.5 15.5 19.6 y 51.5 y Two-hit 
Stage II S13 980052 2 74 38.1 11.4 6.2 N 38.1 y Pass 
Stage II S25 980067 2 75 53.7 16 4 21 8 y 53.7 y Two-hit 

REF 61 % 980010 2 61 Yes 31.9 13.1 31 .9 y Pass 



Appendix 4b. Sediment Larval Bioassay Testing Results 

T°"t Sodimont NCMA Porcont 
Met Perfonnance minus Sign. Oiff. over Control TestNCMA Apparent 

Projoct Samplo # Blind ID# B•tch % Fines Criteria CMA (%) NCMA(%) STD Refer ence NCMA ('Y•) fro m Reference (NCMA) >20% Failure' 

Conlrol Yes 20.6 
S1age II S59 980094 3 12 9 30.3 54 18.5 30 .3 y Pass 
S1age II 022 980093 3 17.8 355 105 23.7 35.5 y Pass 
S1age II 04 980083 3 23.9 269 11 7 151 26.9 y Pass 
Stage II S40 910075 3 24.2 37.9 7.3 26.1 37 .9 y Pass 
S1age II 0 3 980086 3 26.7 25 2 83 13.4 25.2 y Pass 

REF20% 980012 3 20.6 Yes 118 52 11 8 N Pass 

S1age II S7 910082 3 39.1 33 8 68 13.9 33.a y Pass 
Stage II sso 980090 3 41.1 384 98 18.5 38.4 y Pass 
Slage II S39 980078 3 43.4 464 73 26.5 y 46 4 y Two-hi\ 
S1age II S6 980085 3 51 .7 34 3 6.1 14.4 34 .3 y Pass 
Stage II S53 980079 3 53.2 31 8 8.7 11.9 31.8 y Pass 
Slage II S4 3 980092 3 55 31 4 90 11 .5 31 .4 y PdsS 
Stage II SS 980084 3 55.6 41 7 8.2 21.8 y 41.7 y Two-hi I 
Stage II 012 980091 3 56.7 37.2 12.3 17.3 37 .2 y Pass 

RCF 43% 980011 3 43.4 Yes 19 9 15.6 19.9 N Pass 

Slage II 017 980080 3 62.9 40.0 7.0 23.2 y 40.0 y TWO·hil 
S1age II S49 980088 3 63.8 37 4 11 9 20.6 37.4 y Pass 
Stage II SI 980011 3 64.9 35 7 9.6 18.9 35.7 y Pass 
Stage II $36 980069 3 71.9 91 2 5.2 74A y 9 1.2 y One·hil 
Stage II S35 980087 3 75.5 45 3 4.3 28.5 y 45.3 y Two-hi! 
Stage II 510 980062 3 76 30 5 SA 13.7 30.5 y Pa.ss 

REF81% 980010 3 81 Yes 16.8 6.3 16 8 N Pass 

Control Yes 8.3 
Stage II 0 2 910097 4 221 20 7 34 -0 9 20.7 y Pass 
Stage II 0 1 980101 4 224 17 3 214 4 .3 17.3 N Pass 
Stage II 548 980114 4 27 65.2 13 3 43.6 y 65.2 y One·M 
Stage II S2 980099 4 30 44 9 21 4 23 3 y 449 y Two-M 
Stage II S3 980096 4 31 8 33 2 11 9 11 6 y 33.2 y Two-hit 

REF20% 980012 4 20 6 Yes 21.6 8.6 21.6 y Pass 
Pass 

S1age II 016 980113 4 335 39 0 18 4 29.1 y 39.0 y Two-hit 
Stage II S1 980100 4 33.7 41 3 10.0 31.4 y 41.3 y One·hil 
Stage II S27 980108 4 39.6 17 8 11 .0 7.9 17.8 N Pass 
S1age II 023 980110 4 39.7 18 7 10 2 8.8 18.7 N Pass 
Stage II S4 980098 4 44.1 17 9 101 8.0 17.9 N Pass 
Stage II S52 980112 4 49.2 38 3 6.9 28.4 y 38.3 y Two-M 

REF43% 98001 1 4 43.4 Yes 99 7.9 99 N Pass 

Stage II S28 980109 4 65 28 3 4.9 19.1 28.3 y Pass 
Slage II S44 980107 4 70.6 29.5 20.6 20.3 y 29.5 y Two-hll 
Slage II S38 980111 4 86.8 56 4 14 6 47.2 y 56.4 y One·hll 
Stage II S45 980106 4 82.7 30 2 7.0 21 0 y 30.2 y Two.hit 

REF81% 980010 4 81 Yes 92 6.6 9.2 N Pass 



Appendix 4b. Sediment Larval Bioassay Testing Results 

Test Sediment NCMA Percent 
Met Performance minus Sign. Diff. over Control TeslNCMA Apparent 

Project Sample# Blind ID# Batch •t. Fines Criteria CMAI"•) NCMA(~•) STD Reforence NCMA !''•! from Reference (NCMAJ >20% Faifuro• 

Control Yes 16.4 
Stage II S60 980133 5 20.1 27.6 16 1 23 8 27.6 y Pass 
Stage II S31 980134 5 24.9 32 5 144 28 7 32.5 y Pass 
Stage II 558 9a0130 5 27.6 13 8 89 100 13.8 N Pass 

REF20% 980012 5 206 Yes 3.8 85 3.8 N Pass 

Stage II 024 980118 5 38.2 24.5 10 4 18 3 24.5 y Pass 
Stage II 025 980132 5 44 9 26 5 87 20.3 26.5 y Pass 
Stage II 015 980138 5 48 9 26.4 9.4 20.2 26.4 y Pass 
Stage II D21 960131 5 52.1 18.3 12.2 12.1 18 3 N Pass 
Stage II S42 980129 5 53 8 23 I 17.2 16 9 23.1 y Pass 
Stage II $29 980116 5 56 3 16 9 16.0 10 7 16.9 N Pass 

REF43% 98001 1 5 43.4 Yes 6.2 7.9 6.2 N Pass 

Stage II 526 980128 5 60.4 341 12 8 28 6 34.1 y Pass 
Stage II $51 960120 5 65.8 68.0 3.4 62.5 68.0 y One·hlt 
Stage II S30 980117 5 68 28.5 11 0 23.0 28.5 y Pass 
Stage II 014 980142 5 77.3 80.0 11 5 74.5 80.0 y One·hit 
Stage II 013 980136 5 80 73.1 6.1 67.6 731 y One·hit 
Stage II S37 980122 5 82 89 6 32 84.1 89 6 y One·hit 
Stage II $24 980119 5 90 79 5 6.6 74.0 79.5 y One-hit 

REF 81% 980010 5 81 Yes 5.5 11.7 55 N Pass 

CMA =Combined Mortality and Abnormalny 
NCMA • Normalized Combined Morta lily and Abnormality (noonalized to the seawater control) 
STD • Stanclard Deviation 

• Appareflt one-hit and two-hit failures, however, the fa1hxes are not all based on slalislical analyses (some of !he analyses have been conducted as indicated in the sign. cliff. col lnln 
Stalishcal analyses have not yet been condUCled for batch 5. 

samples in bold were those for which an error was 101tially made when evaluating test sediment vs contrOI resuhs Statistical analyses have not yet been concluded al these samples. 



Appendix 4c. Neanthes Growth Bioassay Testing Results 

Test Growth Rate 
Met Performance Mortality Growth Rate Percent of Sign. Diff. Percent of <80% or >120% over Apparent 

Project Sample# Blind ID # Batch % Fines Criteria % (indiv/mg/day) Reference from Reference Control Control Growth Rate Fallure* 

Stage I 
Control Yes 0 0.85 

Stage I 028 980022 24.6 0 0.83 115.3 97.6 N 
REF20% 980012 20.6 Yes 0 0.72 84.7 N 

Stage I 027 980020 38.5 0 0.78 77.2 91.8 N 
Stage I 031 980018 41.1 0 0.92 91.1 108.2 N 
Stage I 026 980016 44.9 0 0.81 80.2 95.3 N 
Stage I 030 980024 45.2 0 0.62 61.4 72.9 y Two-hit 
Stage I 033 980028 45.5 100 NA NA NA NA One-hit 
Stage I 029 980013 46.1 0 0.73 72.3 85.9 N 
Stage I 032 980026 51.8 0 0.5 49.5 58.8 y One-hit 

REF 43% 980011 43.4 Yes 0 1.01 118.8 N 

Stage I 034 980004 70.5 36 0.22 25.3 25.9 y One-hit 
Stage I 037 980005 78.5 100 NA NA NA NA One-hit 
Stage I 036 980006 80.4 60 0 .16 18.4 18.8 y One-hit 
Stage I 035 980030 80.8 16 0.36 41.4 42.4 y One-hit 
Stage I D39 980032 87.1 36 0.5 57.5 58.8 y Two-hit 
Stage I D38 980002 92.1 100 NA NA NA NA One-hit 

REF 81% 980010 81 Yes 0 0.87 102.4 N 

Coast Guard 

Control 4 Yes 8 0.81 
Coast Guard S61 980102 4 23.5 8 0.76 80.9 93.8 N 

REF20% 980012 4 20.6 Yes 4 0.94 116.0 N 

Coast Guard S65 980104 4 34.6 0 0.63 79.7 77.8 y 

Coast Guard S67 980103 4 46.5 8 0.61 77.2 75.3 y 

Coast Guard S66 980105 4 54.5 0 0.81 102.5 100.0 N 
REF 43% 980011 4 43.4 Yes 0 0.79 97.5 N 

Control Yes 0 0.76 
Coast Guard 040 980139 5 31.5 4 0.7 101.4 92.1 N 

REF20% 980012 5 20.6 Yes 4 0.69 90.8 N 

Coast Guard S63 980135 5 32.4 0 0.59 86.8 77.6. y 

Coast Guard S64 980127 5 40.1 0 0.69 101 .5 . 90.8 N 
Coast Guard S62 980126 5 42.1 0 0.59 86.8 77.6 y 

REF 43% 980011 5 43.4 Yes 0 0.68 89.5 N 



Project 

Stage II 

Stage II 
Stage II 
Stage II 
Stage II 
Stage II 
Stage II 
Stage 11 

Stage II 
Stage II 
Stage II 
Stage II 
Stage 11 
Stage II 

Stage II 
Stage II 
Stage II 
Stage II 
Stage If 
Stage II 
Stage If 
Stage If 
Stage If 
Stage II 
Stage II 
Stage II 
Stage II 
Stage II 

Stage 
Stage 
Stage 
Stage 
Stage 
Stage 
Stage 
Stage 

Sample# Blind ID # Batch % Finas 

Control 
05 
S12 
S16 
S17 
S9 
S14 
07 
REF 81% 

Control 
S34 
S32 
S54 
018 
S46 
SSS 
REF20% 

09 
011 
06 
S47 
S57 
S33 
019 
S20 
020 
08 
S19 
S22 
S56 
S41 
REF43% 

S18 
S21 
S11 
S23 
S15 
010 
S13 
S25 

980035 
980039 
980037 
980040 
980034 
980036 
980038 
980010 

980044 
980058 
980069 
980068 
980049 
980077 
980012 

980043 
980060 
980064 
980050 
980071 
980057 
980076 
980045 
980073 
980054 
980041 
980059 
980070 
980072 
980011 

980053 
980051 
980063 
980061 
980066 
980048 
980052 
980067 

2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 
2 

2 
2 
2 
2 
2 
2 
2 
2 

63.7 
82.6 
83.8 
84.4 
84.5 
84.6 
93.1 
81 

17.4 
19.5 
21 .1 
23.4 
25 

30.8 
20.6 

38.2 
38.7 
39.6 
41.4 
41.7 
41 .9 
45 

48.4 
48.6 
48.7 
51.2 
51.4 
53.4 
53.6 
43.4 

63.5 
63.9 
69.7 
71.6 
73.7 

74 
74 
75 

Appendix 4c. Neanthes Growth Bioassay Testing Results 

Met Performance 
Criteria 

Yes 

Yes 

Yes 

Yes 

Yes 

Mortality Growth Rate Percent of Sign. Diff. 
% (indiv/mg/day) Reference from Reforenco 

0 
0 

12 
0 
4 

12 
8 
4 
0 

0 
12 

0 
4 
4 
0 
8 
0 

0 
4 

12 
8 
0 
0 
0 
0 
4 
0 

12 
0 
8 
0 
0 

12 
4 
0 
4 
0 
4 
4 
0 

0.85 
0.62 
0.46 
0.64 
0.53 
0.59 
0 .75 
0.4 1 
0.87 

0.73 
0.81 
0.87 
0.78 
0 .62 
0.77 
0.81 
0.92 

0.72 
0.6 

0.59 
0.71 
0.57 
0 .63 
0.55 
0.52 
0 .67 
0.58 
0.64 
0.72 
0.56 
0.56 
0.76 

0.79 
0.56 
0.42 
0.66 
0.56 
0 .37 
0.63 
0.23 

71 .3 
52.9 
73.6 
60.9 
67.8 
86.2 
47.1 

68.0 
94.6 
84.8 . 
67.4 
83.7 
88.0 

94.7 
78.9 
77.6 
93.4 
75.0 
82.9 
72.4 
68.4 
88.2 
76.3 
84.2 
94.7 
73.7 
73.7 

125.4 
92.1 
66.7 

107.9 
88.9 
56.7 

100.0 
36.5 

Percent of 
Control 

72.9 
54.1 
75.3 
62.4 
69.4 
88.2 
48.2 

102.4 

111.0 
119.2 
106.8 
84.9 

105.5 
111.0 
126.0 

98.6 
82.2 
80.6 
97.3 
78.1 
86.3 
75.3 
71 .2 
91.8 
79.5 
87.7 
96.6 
76.7 
76.7 

104.1 

106.2 
79.5 
57.5 
93.2 
76.7 
50.7 
66.3 
31.5 

Test Growth Rate 
<80% or >120% over Apparent 
Control Growth Rate Failure* 

y 
y 
y 
y 
y 

N 
y 

N 
N 
N 
N 
N 
N 
y 

N 
N 
N 
N 
y 

N 
y 
y 

N 
y 

N 
N 
y 
y 
N 

N 
y 
y 
N 
y 
y 

N 
y 

Pass 
Two-hit 

Pass 
Two-htt 
Two-hit 

Pass 
One-hit 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Two-hit 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 
Pass 

Pass 
Pass 

Two-hit 
Pass 

· Pass 
Two-hit 
Pass 

One-hit 



Appendix 4c. Neanthes Growth Bioassay Testing Results 

Test Growth Rate 
Met Porformanco Mortality Growth Rato Percent of Sign. Oiff. Percent of <80% or >120% over Apparent 

Pr~ect Samele# Bllnd 10 # Batch % Fines Criteria .,,. (indiv/mg/day) Reference from Reference Control Control Growth Rate Failure• 

REF 81°4 980010 2 81 Yes 4 0.63 86.3 N Pass 

Control No 12 0.93 
Stage II S59 980094 3 12.9 0 0.89 88.1 95.7 N Pass 
Stage II 022 980093 3 17.8 0 0.89 88.1 95.7 N Pass 
Stage II 04 980083 3 23.9 4 1.08 106.9 116.1 N Pass 
Stage II S40 980075 3 24.2 4 0.91 90.1 97.8 N Pass 
Stage II 03 980086 3 26.7 0 1 99.0 107.5 N Pass 

REF20% 980012 3 20.6 Yes 4 1.01 108.6 N Pass 

Stage II S7 980082 3 39.1 4 0.95 117.3 102.2 N Pass 
Stage II S50 980090 3 41.1 4 0.9 111.1 96.8 N Pass 
Stage II S39 980078 3 43.4 4 0.95 117.3 102.2 N Pass 
Stage II S6 980085 3 51.7 24 0.85 104.9 91.4 N Pass 
Stage II S53 980079 3 53.2 0 0.91 112.3 97.8 N Pass 
Stage II 543 980092 3 55 4 0.97 119.8 104.3 N Pass 
Stage II SS 980084 3 55.6 4 0.84 103.7 90.3 N Pass 
Stage II 012 980091 3 56.7 0 0.6 74.1 64.5 y Pass 

REF 43% 980011 3 43.4 Yes 0 0.81 87.1 N Pass 

Stage II 017 980080 3 62.9 12 0.78 96.3 83.9 N Pass 
Stage II 549 980088 3 63.8 8 0.93 114.8 100.0 N Pass 
Stage II S8 980081 3 64.9 0 0.74 91 .4 79.6 y Pass 
Stage II S36 980089 3 71.9 52 0.13 16.0 14.0 y One-hit 
Stage II S35 980087 3 75.5 12 0.54 66.7 58.1 y Two-hit 
Stage II S10 980062 3 76 4 0.76 93.8 81.7 N Pass 

REF 81% 980010 3 81 Yes 4 0.81 87.1 N Pass 

Control Yes 8 0.81 
Stage II 02 980097 4 22.1 4 0.93 98.9 114.8 N Pass 
Stage II 01 980101 4 22.4 0 0.74 78.7 91.4 N Pass 
Stage II 548 980114 4 27 4 0.59 62.8 72.8 y Two-hit 
Stage II S2 980099 4 30 0 0.74 78.7 91.4 N Pass 
Stage II S3 980096 4 31.8 4 0.91 96.8 112.3 N Pass 

REF20% 980012 4 20.6 Yes 4 0.94 116.0 N Pass 

Stage II 016 980113 4 33.5 0 0.79 100.0 97.5 N Pass 
Stage II S1 980100 4 33.7 0 0.87 110.1 107.4 N Pass 
Stage II S27 980108 4 39.6 0 0.78 98.7 96.3 N Pass 
Stage II 023 980110 4 39.7 4 0.77 97.5 95.1 N Pass 
Stage II S4 980098 4 44.1 4 0.81 102.5 100.0 N Pass 
Stage II S52 980112 4 49.2 4 0.84 106.3 103.7 N Pass 

REF 43% 980011 4 43.4 Yes 0 0.79 97.5 N Pass 



Appendix. 4c. Neanthes Growth Bioassay Testing Results 

Test Growth Rata 
Met Performance Mortality Growth Rate Percent of Sign. Diff. Percent of <80% or >120% over Apparent 

Project Sample# Blind ID # Batch 'Yo Fines Criteria % (indivtm2/da:t:l Reference from Reference Control Control Growth Raia Failure• 

Stage II S28 980109 4 65 0 0.76 98.7 93.8 N Pass 
Stage II S44 980107 4 70.6 0 0.79 102.6 97.5 N Pass 
Stage II S38 980111 4 86.8 8 0.25 32.5 30.9 y One-M 
Stage II S45 980106 4 82.7 0 0.68 88.3 84.0 N Pass 

REF81% 980010 4 81 Yes 0 0.77 95.1 N Pass 

Control Yes 0 0.76 
Stage II S60 980133 5 20.1 0 0.65 94.2 85.5 N Pass 

Stage II 531 980134 5 24.9 4 0.65 94.2 85.5 N Pass 
Stage II S58 980130 5 27.6 8 0.65 94.2 85.5 N Pass 

REF20% 980012 5 20.6 Yes 4 0.69 90.8 N Pass 

Stage II 024 9801 18 5 38.2 0 0.56 82.4 73.7 y Pass 
Stage II 025 980132 5 44.9 4 ·o .67 98.5 88.2 N Pass 
Stage II 015 980136 5 46.9 0 0.45 66.2 59.2 y Two-hit 
Stage II 021 980131 5 52.1 4 0.65 95.6 85.5 N Pass 
Stage II 542 980129 5 53.8 0 0.56 82.4 73.7 y Pass 
Stage II S29 980116 5 56.3 6 0.71 104.4 93.4 N Pass 

REF 43% 980011 5 43.4 Yes 0 0.68 89.5 N Pass 

Stage II S26 980128 5 60.4 4 0.43 63.2 - 56.6 y Two-hit 
Stage II S51 980120 5 65.8 88 0.08 11.6 .. 10.5 y One-hit 

Stage II S30 980117 5 68 4 0.66 97.1 - 66.8 N Pass 

Stage II 014 980142 5 77.3 40 0.32 47.1 •• 42.1 y One-hit 
Stage II 013 980136 5 80 4 0.19 27.9 .. 25.0 y One-hit 

Stage II S37 980122 5 82 86 0.09 13.2 •• 11.8 y One-hit 

Stage II S24 980119 5 90 86 0.02 2.9 •• 2.6 y One-hit 
REF 81% 980010 5 81 No 0 0.54 71.1 y Pass 
REF 43% 960011 5 43.4 Yes 0 0.68 69.5 N Pass 

• Apparent one-hit (lest sediment <50% of reference, and test sediment <80% or >120% of contro~ and two-hit (test sediment <70% of reference, and test sediment <80% and >120% of control) failures. 
However. the apparent failures were not based on statistical analyses. 

•• Reference sediment failed performance criteria. Growth rates or samples that corresponded to this reference were consequently compared to the reference sediment with the next closest grain size 
fine fraction (Ref 43%). 

NA = Not applicable. Growth rates were not determined because all test organisms died. 



Appendix 5.  Ratio of Initial Sediment Chemistry to Retested Sediment Chemistry

DMMU ID:  DMMU S4  DMMU S5  DMMU S6  DMMU S7  DMMU S8  DMMU S9  DMMU S10
 Initial/Retest Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio

Phase (Ph) Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R
CHEMICAL NAME Units SL BT ML Conc VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ

 Silver mg/kg 6.1       6.1       8.4                  
 TBT ion (porewater) ug/L 0.15     0.15      0.18      0.11                 1.64   0.31      MB 0.09                 3.44   0.15     MB 0.08                 1.88   0.19     MB 0.09                 2.11   0.17   M 0.24                 0.71  
 TBT (bulk/sediment) ug/kg 30        219       59.0                 62.0                 89.0                 28.0                 52.0                 
 Fluoranthene ug/kg 1,700   4,600    30,000            
 Total DDT ug/kg 6.9       50        69                   
 Total PCBs ug/kg 130      3,100              1,540    1,168                1.32   1,000   371                  2.70   1,300   2,680    0.49   1,060    7,240    0.15   
 Total PCBs (TOC- normalized) mg/kg 38        103       53                    50        21                    48        103       42        329       
 Total Solids % 67.0      52.0                 58.2      50.5                 60.8     64.3                 64.7     48.1                 58.6   52.8                 47.5     45.4      55.5      48.6      
 Total Volatile Solids % 3.0       3.2                   5.1       4.4                   4.8       4.1                   3.8       4.7                   5.0     4.0                   7.4       7.1       6.0       5.8       
 Total Organic Carbon % 1.4       1.9                   1.5       2.2                   2.0       1.8                   1.7       2.0                   2.2     1.8                   2.7       2.6       2.5       2.2       
 Total Ammonia mg/kg 2.7       5.6                   26        44.0                 11        22.0                 8.7       50.0                 44      32.0                 150      200.0    33        64.0      
 Total Sulfides mg/kg 160       1,200               600       1,000                360      430      1,200                260    1,200                1,400   890       120       2,100    
  Gravel % -                  0.2                   0.3                   0.3                   -       0.1       
  Sand % 63.8                 48.3                 44.4                 57.6                 15.1      24.3      
  Silt % 24.5                 33.2                 36.3                 27.7                 50.3      48.1      
  Clay % 11.6                 18.5                 19.1                 14.5                 34.5      27.6      
 Fines (percent silt + clay) % 44        36.1                 56        51.7                 52        39        55.4                 65      42.2                 85        84.8      76        75.7      
 preferred reference match: % 45.5                  45.5                  45.5                  45.5                 45.5                 85        85        
 DMMU Volume: cy 3,290               3,310                3,310                3,300                3,010                4,100    3,790    
 DMMU ID: S4 S5 S6 S7 S8 S9 S10

DMMU ID:  DMMU S11  DMMU S13  DMMU S14  DMMU S16  DMMU S19  DMMU S21  DMMU S23
 Initial/Retest Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio

Phase (Ph) Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R
CHEMICAL NAME Units SL BT ML Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ

 Silver mg/kg 6.1       6.1       8.4                  
 TBT ion (porewater) ug/L 0.15     0.15      0.15     M 0.17      0.88   0.28      J 0.22      1.27   
 TBT (bulk/sediment) ug/kg 30        219       40.0      15.0      
 Fluoranthene ug/kg 1,700   4,600    30,000            
 Total DDT ug/kg 6.9       50        69                   51        U 47                    1.09   58        UJ 61                    0.95   98        U 43        2.28   
 Total PCBs ug/kg 130      3,100              3,440    1,100               3.13   1,360    1,728                0.79   1,670   2,150                0.78   2,310   1,180                1.96   717    700                  1.02  1,620   1,510    1.07   5,500    2,750    2.00   
 Total PCBs (TOC- normalized) mg/kg 38        127       42                    44        82                    56        98                    77        44                    45      44                    90        60        212       81        
 Total Solids % 55.3      50.0                 55.0      51.3                 49.0     46.6                 47.5     48.1                 62.0   47.6                 59.0     46.5      56.2      51.1      
 Total Volatile Solids % 5.3       6.9                   8.1       5.3                   7.1       6.0                   8.4       7.1                   4.0     3.5                   4.9       5.2       6.1       7.7       
 Total Organic Carbon % 2.7       2.6                   3.1       2.1                   3.0       2.2                   3.0       2.7                   1.6     1.6                   1.8       2.5       2.6       3.4       
 Total Ammonia mg/kg 110       160.0               93        130                  120      160                  170      200                  51      44.0                 120      120.0    130       360.0    
 Total Sulfides mg/kg 66        2,300               2,500    2,900                1,300   1,500                2,100   3,000                710    1,400                2,300   1,300    860       1,900    
  Gravel % 0.3                   0.3                   -                   -                   0.4                   2.7       0.9       
  Sand % 16.7                 24.3                 21.8                 15.7                 49.1                 34.3      20.8      
  Silt % 50.6                 47.4                 48.2                 51.7                 29.3                 37.6      51.1      
  Clay % 32.4                 28.1                 30.0                 32.7                 21.0                 25.1      27.1      
 Fines (percent silt + clay) % 70        83.0                 74        75.5                 85        78.2                 84        84.4                 51      50.3                 64        62.7      72        78.2      
 preferred reference match: % 85                    85                    85                    85                    45.5                 85        85        
 DMMU Volume: cy 3,790               4,120                3,650                3,560                4,070                4,000    4,030    
 DMMU ID: S11 S13 S14 S16 S19 S21 S23



Appendix 5.  Ratio of Initial Sediment Chemistry to Retested Sediment Chemistry

DMMU ID:
 Initial/Retest

Phase (Ph)
CHEMICAL NAME Units SL BT ML

 Silver mg/kg 6.1       6.1       8.4                  
 TBT ion (porewater) ug/L 0.15     0.15      
 TBT (bulk/sediment) ug/kg 30        219       
 Fluoranthene ug/kg 1,700   4,600    30,000            
 Total DDT ug/kg 6.9       50        69                   
 Total PCBs ug/kg 130      3,100              
 Total PCBs (TOC- normalized) mg/kg 38        
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
  Gravel %
  Sand %
  Silt %
  Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 DMMU Volume: cy
 DMMU ID:

DMMU ID:
 Initial/Retest

Phase (Ph)
CHEMICAL NAME Units SL BT ML

 Silver mg/kg 6.1       6.1       8.4                  
 TBT ion (porewater) ug/L 0.15     0.15      
 TBT (bulk/sediment) ug/kg 30        219       
 Fluoranthene ug/kg 1,700   4,600    30,000            
 Total DDT ug/kg 6.9       50        69                   
 Total PCBs ug/kg 130      3,100              
 Total PCBs (TOC- normalized) mg/kg 38        
 Total Solids %
 Total Volatile Solids %
 Total Organic Carbon %
 Total Ammonia mg/kg
 Total Sulfides mg/kg
  Gravel %
  Sand %
  Silt %
  Clay %
 Fines (percent silt + clay) %
 preferred reference match: %
 DMMU Volume: cy
 DMMU ID:

 DMMU S31  DMMU S39  DMMU S40  DMMU S41  DMMU S43
Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio
Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R
Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ

0.35      B 0.51     0.69   0.23    M 0.77      0.30   0.19     M 1.05      0.18   0.23     M 0.18      1.28   0.21    MB 0.12     1.75  
110      167       125       86.0      19.0     

60.7      61.8     59.3    51.3      71.7     53.2      62.1     60.0      66.5    78.4     
2.2       3.8       6.6     7.0       2.7       3.6       5.7       5.3       2.3     3.3       
1.1       1.8       2.1     2.9       1.6       2.4       2.0       2.0       1.2     1.8       
5.5       13.0     65      67.0      22        95.0      17        75.0      25      39.0     
110       700      720     2,700    170      1,300    160      680       350     78        

37.7     0.5       1.2       23.5      1.6       
44.4     31.0      63.8      16.1      49.1     
10.4     43.2      22.4      39.8      34.2     
7.5       25.2      12.7      20.6      15.1     

25        17.9     43      68.4      24        35.1      54        60.4      55      49.3     
23.3     45.5      23.3      45.5      45.5     

4,300   4,040    4,040    4,040    3,630   
S31 S39 S40 S41 S43

 DMMU S46  DMMU S47  DMMU S49  DMMU S50  DMMU S52  DMMU S57        CR23W       CR23 Mod     SBMacCon
Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio Initial Retest ratio      Reference Reference Reference
Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R Ph-1 Ph-2 I / R
Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc. VQ Conc VQ Conc VQ Conc VQ Conc VQ

0.22      0.38     0.58   0.83    4.0       0.21   0.25     MB 0.24      1.04   0.19     B 0.12      1.58   0.20    M 0.17     1.18  0.92    MB 0.47     1.96   
894      1,400    73.0      88.0      39.0     107.0    

6,400   800       8.00   

910      2,080    0.44   1,930   907       2.13    
38        90        88        41         

67.1      40.3     58.6    42.8      50.7     44.4      62.0     47.1      67.3    49.1     62.8    57.3     72.2                 70.4                     nd
2.6       6.0       4.7     4.3       4.8       5.0       4.0       3.8       3.7     4.8       5.5     4.7       11.0                 16.0                     nd
1.7       2.6       2.0     2.0       2.4       2.3       2.2       2.2       1.5     1.7       2.1     2.0       0.39                 0.44                     2.36                    
6.4       37.0     71      89.0      91        64.0      7.1       29.0      14      28.0     35      41.0     8.6                   13.0                     nd

2,000    1,300   650     2,000    1,300   2,300    1,400   1,100    79      680      630     1,100   5.1                   U 4.2                       U nd
15.8     2.2       0.2       0.3       0.6       0.1       -                  -                       -                      
22.7     52.0      50.3      50.8      35.2     47.3     76.7                 54.4                     12.8                    
35.4     28.2      32.0      30.6      40.9     34.5     19.8                 40.6                     54.4                    
26.0     17.6      17.5      18.2      23.5     18.3     3.5                   4.9                       32.8                    

25        61.4     41      45.8      64        49.5      41        48.8      49      64.4     42      52.8     23.3                 45.5                     87.2                    
45.5     45.5      45.5      45.5      45.5     45.5      

4,210   4,020    3,840    3,890    3,910   4,090   
S46 S47 S49 S50 S52 S57



Appendix 6.  Bioassay Phase 2 Testing Summary for DMMU’s D7a, D7b, and D7c. 
 

Neanthes Growth 
Bioassay 

Sample ID Amphipod 
(Eohaustorius) 
Mortality. 

(%) 

Bivalve (Mytilus) 
Sediment Larval 

Test 
NCMA1

Mortality, 
(%) 

Growth 
(mg/ind/day) 

Suitability 
outcome: 
Pass/Fail 

Control 1 0 0 0.74  
Carr Reference 
(84.7 % fines) 

7 16.5 0 0.77  

D7a 
(73 % fines) 

65 (1-Hit) 43.8 (2-Hit) 4 0.11 (1-Hit) Fail 

D7b 
(77 % fines) 

59 (1-Hit) 35.9 (2-Hit) 0 0.06 (1-Hit) Fail 

D7c 
(84 % fines) 

40 (1-Hit) 49.6 (1-Hit) 16 0.12 (1-Hit) Fail 

 

                                                      
1 NCMA= normalized combined percent mortality and abnormality = 100(1-(NORM/NS)), where NS = 
average of normal larvae counted in seawater controls. 



Appendix 7.  Summary Statistics for Growth and Survival for East Waterway Project (Stage II) 44 Day Bioaccumulation Test

Macoma Growth (44 day exposures Nephtys Growth (44 day exposures
Mean % Mean % 

Treatment % fines Mean growth (g) SD COV Survival SD Treatment % fines Mean growth (g) SD COV Survival SD
S-31 17.9 -0.37 0.20 54 79.3 6.0 S-16 84.4 -0.23 0.05 21 51.6 13.5
S-52 64.4 -0.28 0.19 67 78.7 6.9 S-40 35.1 -0.21 0.06 27 80.8 6.4
S-23 78.2 -0.23 0.25 110 66.7 9.1 S-14 78.2 -0.19 0.05 28 49.6 7.9
S-39 68.4 -0.22 0.12 56 82.0 9.0 S-9 84.8 -0.16 0.1 62 47.6 10.8
S-47 45.8 -0.22 0.22 96 71.3 14.1 S-10 75.7 -0.16 0.03 21 89.8 3.2
S-13 75.5 -0.21 0.10 50 83.3 8.2 S-43 49.3 -0.16 0.07 41 88.4 4.3
S-14 78.2 -0.21 0.10 46 76.0 6.0 S-13 75.5 -0.15 0.07 44 92.7 6.5
S-41 60.4 -0.20 0.15 77 80.0 11.3 S-21 62.7 -0.15 0.1 68 79.6 10.0
S-50 48.8 -0.20 0.12 62 84.7 5.1 S-50 48.8 -0.15 0.07 47 84.4 9.5
S-7 55.4 -0.18 0.10 59 80.0 5.8 S-11 83.0 -0.14 0.1 75 79.2 6.6
S-46 61.4 -0.15 0.12 81 81.3 9.0 S-23 78.2 -0.14 0.08 60 53.2 21.6
S-6 52.0 -0.14 0.11 75 79.3 2.8 S-39 68.4 -0.14 0.07 49 93.4 2.9
S-11 83.0 -0.14 0.19 136 75.3 8.4 S-49 49.5 -0.13 0.12 90 81.6 10.7
S-10 75.7 -0.13 0.18 148 88.7 9.9 S-41 60.4 -0.12 0.06 52 82.0 5.1
S-49 49.5 -0.13 0.21 155 83.3 5.3 S-47 45.8 -0.12 0.07 57 88.0 5.5
S-40 35.1 -0.12 0.20 170 80.7 8.0 CR23-W Ref 23.3 -0.11 0.07 60 94.3 2.5
S-8 42.2 -0.11 0.18 153 77.3 9.5 CR23-Mod Ref 45.5 -0.11 0.06 55 96.7 1.8
S-9 84.8 -0.10 0.15 152 75.3 9.3 S-6 52.0 -0.11 0.08 71 90.5 6.1
S-19 50.3 -0.07 0.24 357 86.7 4.1 Nephtys_Con -0.09 0.1 110 94.4 2.6
S-57 52.8 -0.06 0.13 211 79.3 11.9 S-4 36.1 -0.09 0.09 102 84.0 6.2
S-16 84.4 -0.05 0.21 407 70.0 7.1 S-19 50.3 -0.09 0.07 78 88.3 4.1
S-5 51.7 -0.02 0.18 872 73.3 5.3 S-31 17.9 -0.09 0.05 63 89.7 5.9
CR23-W Ref 23.3 -0.01 0.34 6572 80.0 10.5 S-52 64.4 -0.09 0.07 78 95.1 4.1
S-21 62.7 0.01 0.25 1845 70.0 10.3 S-57 52.8 -0.09 0.04 43 85.6 8.2
S-4 36.1 0.07 0.32 469 82.0 6.9 S-46 61.4 -0.08 0.07 87 88.4 7.3
S-43 49.3 0.17 0.07 44 78.7 8.4 S-7 55.4 -0.07 0.07 99 92.2 3.1
Mac/SB Ref 85.0 0.19 0.20 104 72.0 9.0 S-5 51.7 -0.06 0.07 118 83.6 3.3
CR23-Mod Ref 45.5 0.21 0.17 80 76.7 14.5 Mac/SB Ref 85.0 -0.05 0.1 211 79.7 9.6
Nephtys_Con 0.26 0.18 68 85.3 6.5 S-8 42.2 -0.01 0.07 510 88.8 3.6



Appendix 8 (Erratum Correction: 8/8/2007).  Worst Case Bioaccumulation Interpretation Summary (Adjusted values)

 DMMU S4  DMMU S5  DMMU S6
   Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides
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 TBT ion (as TBT) ug/kg-dw 3,000        146    239    33.4   yes yes 46.2   75.8       65.0   no yes 38.6  133           33.4   no yes 103    354            65.0   yes yes 29.4   55.3   33.4   no yes 116    218     65.0   yes yes
 Fluoranthene ug/kg-ww 8,400        
 Total DDT ug/kg-ww 3,000        
 Total PCBs ug/kg-ww 750           334   441           9.88   yes yes 607    802            15.9   yes NFAR 189    511    9.88   yes yes 196    529     15.9   yes yes

 DMMU S7  DMMU S8  DMMU S9
   Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides
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 TBT ion (as TBT) ug/kg-dw 3,000        41.4   87.4   33.4   no yes 38.6   81.5       65.0   no yes 107   107           33.4   no yes 31.2   32.2           65.0   no yes
 Fluoranthene ug/kg-ww 8,400        
 Total DDT ug/kg-ww 3,000        
 Total PCBs ug/kg-ww 750           340    340    17.2   yes yes 615    615     17.3   yes yes

 DMMU S10  DMMU S11  DMMU S13
  Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides   Macoma nasuta Nephtys caecoides
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 TBT ion (as TBT) ug/kg-dw 3,000        
 Fluoranthene ug/kg-ww 8,400        
 Total DDT ug/kg-ww 3,000        16.5  18.0          0.44   yes yes 21.5   23.4           0.76   yes yes
 Total PCBs ug/kg-ww 750           398    398    17.2   yes yes 750    750        17.3   yes NFAR 490   1,532        17.2   yes NFAR 651    2,036         17.3   yes NFAR 217    217    17.2   yes yes 471    471     17.3   yes yes

Note:   (1) All tissue concentrations for Fluoranthene, Total DDT and Total PCBs were converted to wet weight to facilitate guideline comparisons.  All TBT tissue concentrations are on a dry weight basis.
                  (2) Adjustments to tissue concentrations based on initial sediment versus retested sediment concentration ratios (see Appendix 5). Concentration ratios greater than 1 were adjusted.

  Concentration ratios less than 1 were not adjusted.



Appendix 8 (Erratum Correction: 8/8/2007).  Worst Case Bioaccumulation Interpretation Summary (Adjusted values)

 

CHEMICAL NAME Units Guideline
 TBT ion (as TBT) ug/kg-dw 3,000        
 Fluoranthene ug/kg-ww 8,400        
 Total DDT ug/kg-ww 3,000        
 Total PCBs ug/kg-ww 750           
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 Total DDT ug/kg-ww 3,000        
 Total PCBs ug/kg-ww 750           
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Appendix 8 (Erratum Correction: 8/8/2007).  Worst Case Bioaccumulation Interpretation Summary (Adjusted values)

 

CHEMICAL NAME Units Guideline
 TBT ion (as TBT) ug/kg-dw 3,000        
 Fluoranthene ug/kg-ww 8,400        
 Total DDT ug/kg-ww 3,000        
 Total PCBs ug/kg-ww 750           
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 TBT ion (as TBT) ug/kg-dw 3,000        
 Fluoranthene ug/kg-ww 8,400        
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 Total PCBs ug/kg-ww 750           

CHEMICAL NAME Units Guideline
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88.8     710      3.22 yes yes 118 941        1.06   yes yes

246        246    9.88   yes yes 590    590    15.9   yes yes 246      523      9.88   yes yes 364    775        15.9   yes NFAR
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Target Tissue Guideline exceeded
NFAR No further Action Required, DMMU Unsuitable for unconfined-open water disposal



Proposed Approach for Developing an Interim Target Tissue Level for Total PCBs 
Based on Risk to Human Health 

 
Prepared by DMMP Agencies – Seattle, WA  

December 21, 1999 
 

Introduction 
The Dredged Material Management Program has developed a site-specific, interim target tissue level 
(TTL) for total PCBs (tPCBs)1 in benthic organisms based on a recalculation of the TTL used in the 
March 1997 suitability determination for the Port of Seattle Terminal 18 (95-02133).  The human 
health risk assessment used to derive this interim TTL considers consumption of bottom fish only and 
uses parameters specific to the Elliott Bay dredged material disposal site.  Newly available seafood 
ingestion rate data for high-end consumers (Native American tribes and Asian/Pacific Islanders) and 
the estimates of the biomagnification potential of tPCBs between bottom fish and their benthic prey 
were also used.  The interim TTL will be used to determine the suitability of Dredged Material 
Management Units from the East Waterway Stage II project for disposal at the Elliott Bay site based 
on statistical comparison to tissue data from laboratory bioaccumulation testing.  The TTL is 
considered interim pending incorporation of new seafood consumption rate information and/or the 
DMMP adopting different approaches to tPCB measurement and toxicity summation. 
 
This memorandum discusses:  
 
1. Information used to estimate cancer risks associated with human exposure to tPCBs derived from 

the disposal site,  
2. The basis and protectiveness of the interim TTL, and  
3. Results of applying the interim TTL to the East Waterway bioaccumulation data.   
 
Human Health Risk Assessment 
Concentrations of tPCBs in whole body bottom fish (e.g., English sole) associated with a 10 -5 risk of 
excess cancer were estimated for different consumers using the following equation:  
 
 BF tPCBs =                             (Risk) (BW) (AT)                             
             (BF IR) (BF fr PS) (BF HR/ DS) (EF) (ED) (SF)(CF1)(CF2)  
  
 
where:  
 
BF tPCBs = Estimated concentration of tPCBs in a bottom fish (ug/kg wet weight whole body)  
Risk = Excess cancer risk of 1 x 10 -5 (unitless) 
BW = Body weight (70 kg) 
AT = Averaging time (70 years (25,550 days)) 
BF IR = Ingestion rate of bottom fish (g/day) 
BF HR = Home range of a bottom fish (2,334 acres from PSDDA, 1988) 
BF fr. PS = Fraction of bottom fish consumed that are from Puget Sound (unitless) 
DS = Area of the Elliott Bay disposal site (395 acres) 
EF = Exposure frequency (365 days/year) 
ED = Exposure duration of consumer group (years) 
SF = Cancer slope factor for tPCBs  (2.0 mg/kg-day) 
CF1 = Conversion factor (kg/g) 
CF2  = Conversion factor (mg/ug)  
                                                           
1 Total PCBs are currently calculated as the sum of the detected Aroclor concentrations. 
 
 1



The following assumptions were used in estimating bottom fish tissue concentrations: 
 
• Bottom fish (e.g., English sole) are the only type of seafood consumed that could be exposed to 

sediment-associated tPCBs at the Elliott Bay disposal site. 2  
• Bottom fish reach the calculated body burden of tPCBs only from exposure to contaminated 

benthic prey from the Elliott Bay disposal site. 
 
Exposure parameters and bottom fish tPCBs concentrations are presented in Tables 1 and 2.  Fish 
tissue concentrations were estimated using ingestion rate information for tribal (Toy et al., 1996), 
Asian/Pacific Islander (EPA, 1999), and recreational consumers (Landolt et al., 1985). The following 
parameters varied according to consumer group: 
 
• Percentile ingestion rate of bottom fish among all fish consumed 
• Fraction of bottom fish eaten that are caught in Puget Sound (versus eaten at a restaurant or 

bought at a market) 
• Exposure duration (e.g., 30 years for recreational fishers and Asian/Pacific Islanders, 70 years for 

tribal consumers).3 
 
An overview of the excess cancer risks for different consumer populations associated with various 
concentrations of tPCBs in fish is presented in Table 3.  The range of tPCB tissue concentrations 
evaluated (341 ppb - 7531 ppb wet weight) correspond to the 10 -5 risk levels for the different 
consumer populations as calculated in Tables 1 and 2.   
 
Biomagnification 
Biomagnification of tPCBs has been widely observed to occur between different trophic levels with 
increasing concentrations observed for higher level consumers.  Particularly high biomagnification 
factors (BMF) have been observed between benthic/epibenthic organisms and bottom feeding fish 
(e.g., Metcalfe and Metcalfe, 1997).  The most recent TTL for tPCBs (2.0 ppm wet weight) calculated 
for the Port of Seattle T-18 project did not take biomagnification into account.  However, in 
recalculating this interim TTL we have used a BMF to relate the acceptable concentration in a bottom 
fish to that in the benthic invertebrates exposed to the sediments. 
 
The agencies have reviewed the available data on concentrations of tPCBs in the tissues of 
bottom fish and their prey in the Harbor Island/Elliott Bay area and have concluded that this is 
insufficient for use in calculating a site-specific BMF.  For the purposes of developing an interim 
TTL for the East Waterway Stage II project, the agencies have decided to use a non-site-specific 
BMF.  In consultation with Phil Cook (EPA/ORD, Duluth), a factor of 2 was chosen as a 
reasonable estimate of the BMF for tPCBs between benthic organisms and bottom feeding fish 
(whole body basis). This estimate falls within the range of 2 - 4 reported by Metcalfe and 
Metcalfe (1997) for benthic feeders (sucker and sculpin) and is similar to the value of 2.7 used 
by the New York/New Jersey Harbor Dredging Forum for summer flounder based on a two-step 
trophic model originally elaborated by Frank Gobas (Zambrano, 1993).  

                                                           
2 PSDDA deep-water disposal sites such as the one in Elliott Bay were originally selected to avoid fishery 
areas, particularly areas where high concentrations of shellfish may be found.   
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3 The DMMP agencies have decided to use a generic exposure time of 70 years for tribal consumers based on 
assumed patterns of tribal residence.  Native Americans, wishing to maintain cultural ties, may relocate over a 
limited geographic area and continue to visit their usual and accustomed fishing areas.  Furthermore, 
subsistence anglers may share their catch with their families, increasing the effective exposure duration for 
family members.  Efforts to obtain regional data on relocation or duration of residence for local tribes have not 
been successful.  The agencies will reconsider use of the 70 year exposure duration if and when data is available 
indicating that this is value is overly conservative. 



 
Calculation of TTLs 
Earlier PSDDA assessments as well as remediation projects for tPCBs in Puget Sound (e.g., 
Manchester Superfund) have used an upper limit of 1 x 10-5 excess cancer risk in deriving acceptable 
concentrations of tPCBs in fish tissue.  Based on information provided in Table 3, tPCB 
concentrations of approximately 600 ppb wet weight in bottom fish exposed to the Elliott Bay 
disposal site would be protective at the 1 x 10-5  risk level for the 90th percentile consumption rate of 
tribal consumers.  Tissue tPCB concentrations of approximately 1500 ppb wet weight would be 
similarly protective for the general population of Asian/Pacific Islanders.  PCB concentrations in fish 
that are protective at the 1 x 10-5  risk level for recreational fishers are considerably higher, falling 
between 4000 - 7500 ppb depending on the ingestion rate used (Table 2). 
 
As discussed in the preceding section, an estimated biomagnification factor of 2 was used to convert 
the tPCB concentration in a bottom fish to that in a trophically-linked benthic organism.  Using the 
acceptable fish tissue concentrations for both tribal and Asian/Pacific Islander groups results in TTLs 
of 300 and 750 ppb wet weight, respectively.  Using acceptable fish tissue concentrations for 
recreational consumer results in TTLs ranging from 2000 to 3750 ppb wet weight (depending on the 
ingestion rate used). 
 
Selection of an Interim TTL for tPCBs 
After considering the information presented in Table 3, the DMMP agencies concluded that an 
interim TTL for tPCBs based on risk to recreational consumers would not be suitably protective of 
high end consumers represented by tribes and Asian/Pacific Islanders. However, use of the most 
protective TTL value (300 ppb wet weight) based on 1 x 10-5  risk to tribal consumers may be 
overprotective, as conservative exposure parameter values were assumed in order to compensate for 
uncertainties that might underestimate risk.  Therefore, the agencies have qualitatively evaluated the 
extent to which the following assumptions over- and under- estimated exposure (the DMMP’s view 
of the influence on the risk estimate is indicated in parenthesis): 
 
Over-protective assumptions: 
 
• Calculations of risk are based on high-end (tribal and Asian/Pacific Islander) consumption 

rates rather than those of recreational fishers.  (Important influence) 
• The fraction of seafood harvested from all of Puget Sound is used in this calculation to 

represent the fraction of seafood harvested from an area influenced by the Elliott Bay 
disposal site. This value likely overestimates the fraction harvested from the Elliott Bay. 
(Important influence) 

• Food preparation practices or cooking methods that might reduce tPCB concentrations were 
not considered in the evaluation. (Important influence) 

• The Elliott Bay disposal site is assumed, for the sake of this evaluation, to be uniformly 
covered with the PCBs from each separately evaluated dredged material management unit.   
However, each management unit would be in fact mingled with others during physical 
placement of dredged material at the site, resulting in a site concentration, which is lower 
than many of the management units of concern.  Prey items for bottom fish are thus assumed 
to have uniformly higher tissue concentrations of tPCBs than would be expected. (Possibly 
important influence) 

• Assumption of a 70 year exposure period for tribal consumers is based on patterns of tribal 
residence rather than site-specific information. (Moderate influence) 

• We did not use a whole body/fillet factor to account for the difference in lipid content 
between the whole fish (higher lipid) and what is typically considered to be the edible portion 
of a fish (lower lipid) in calculating the interim TTL. Although no specific information is 
available, it appears culinary practice of some Asian/Pacific Islanders may involve eating the 
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entire fish rather than fillets.  Hydrophobic organic compounds (such as tPCBs) tend to 
preferentially concentrate in the lipids of aquatic organisms. (Unknown influence) 

 
Under-protective assumptions: 
 
• The 90th percentile Asian/Pacific Islander consumption rates used included non-fish 

consumers and hence would underestimate the actual bottom fish consumption rate. 
(Important influence) 

• There are scant data available to calculate 90th percentile bottom fish consumption rates for 
individual ethnic populations that comprise the general category of Asian/Pacific Islanders. 
Thus the consumption rate for API may not be protective of all individual populations. 
(Possibly important influence) 

• Estimated tissue concentrations of tPCBs in bottom fish are assumed to come solely from 
their exposure to the disposal site (i.e., existing tPCB body burdens in bottom fish from 
sources other than the disposal site are not considered).  (Minor influence4) 

• Human consumer exposure to Elliott Bay disposal site tPCBs occurs solely through ingestion 
of bottom fish (i.e., assumes no exposure from eating shellfish or pelagic fish that could pick 
up tPCBs from disposal site).  (Likely to be a minor influence - see footnote #2) 

• Non-cancer adverse health effects of tPCBs to human consumers are not considered in risk 
calculations; cancer risks only are considered.  (Unknown but probably minor influence) 

 
Based on the foregoing considerations, the DMMP agencies have concluded that that the assumptions 
about exposure used in this assessment tend to overestimate the actual exposure.  Thus, the agencies 
have selected 750 ppb wet weight as the interim TTL for tPCBs in benthic organisms.  The 
excess cancer risk associated with this interim TTL is 9.7 x 10-6 for the general population of 
Asian/Pacific Islander consumers and 2.6 x 10-5 for tribal consumers. The DMMP agencies consider 
the calculated upper risk limit associated with this value to be acceptable for the purposes of deriving 
an interim TTL for the Elliott Bay dredged material disposal site.  

 
Comparison of Proposed TTL to results of Bioaccumulation Testing 
Bioaccumulation data from the East Waterway testing are presented in Appendix 8.  Tissue 
concentrations are corrected for differences between round 1 and round 2 sediment tPCB 
concentrations. The results of statistical comparisons between the corrected tissue concentrations and 
the interim TTL of 750 ppb wet weight are indicated.  Application of the tPCB TTL results in failure 
of 3 DMMUs (S-11, S-16, S-23) out of a total of 13 DMMUs tested for tPCBs.  A total of 25 
DMMUs were tested for bioaccumulation out of 99 DMMUs that were evaluated during the Stage II 
testing (no bioaccumulation testing was performed on the 8 DMMUs tested from USCG Slip 36 
dredging area). 
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4 Based on comparison to fish tissue data for Elliott Bay indicating that average tissue concentrations of 
total PCBs in English sole range from 40-70 ppb wet weight (EVS Solutions, 1999). 
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Table 1. Calculation of Allowable Bottom Fish Tissue Concentrations Based on Risk to Tribal and Asian/Pacific               
Islander Consumers

Risk 1 Body Avg. BF 3 BF fraction Disposal Exp. 6 Exp. Slope Calc. Fish Source of ingestion rate
wt. time 2 ingested from PS 4 area / BF freq time Factor PCB conc. and BF fraction used
(kg) (days) (g/day) home range 5 (days/yr) (years) mg/kg-day ug/kg wet wt.

0.00001 70 25,550 18.3 a 0.17 b 0.169 365 30 2 1,553 All 90th %ile Asians/Pacific Islanders (EPA, 1999)

0.00001 70 25,550 18.5 c 0.13 d 0.169 365 70 2 861 Sqaxin 90th%ile Tribal (from Toy et al., 1996)
0.00001 70 25,550 14.3 e 0.39 f 0.169 365 70 2 371 Tulalip
0.00001 70 25,550 17.4 g 0.21 h 0.169 365 70 2 567 weighted mean

1 Corresponds to 1 additional cancer per 100,000 population
2  Equivalent to a life expectancy of 70 years.
3  Bottom Fish
4  Puget Sound
5  395 acres / 2335 acres = 0.169
6  Exposure

a. 90th %ile consumption rate of bottom fish by Puget Sound Asians and Pacific Islanders (n=202) (EPA, 1999). 
    Individuals that do not consume bottom fish may be included in consumption rate calculation (Kissinger, personal communication, 1999). 
b.  Weighted mean of 17% of the bottom fish ingested by Asians and Pacific Islanders interviewed were caught in Puget Sound Waters (vs. purchased) (EPA, 1999).
c. 90th %ile consumption rate of bottom fish by the Squaxin tribe (n=85). Values from Toy et al (1996) adjusted to exclude 
    non-bottom fish consumers (Kissinger, personal communication, 1999).  
d.  A mean of 13% of the bottom fish ingested by Squaxin tribal members interviewed were caught in Puget Sound Waters (Toy et al., 1996).
e. 90th %ile consumption rate of bottom fish by Tulalip tribal members (n=34). Values from Toy et al (1996) adjusted 
    to exclude non-bottom fish consumers (Kissinger, personal communication, 1999).  
f.  A mean of 39% of the bottom fish ingested by Tulalip tribal members interviewed were caught in Puget Sound Waters (Toy et al., 1996).
g. 90th %ile weighted consumption rate of bottom fish by both the Squaxin and Tulalip tribes (n=119). 
    Values from Toy et. al (1996) adjusted  to exclude non-bottom fish consumers (Kissinger, personal communication, 1999). 
h.  Weighted mean of 21% of the bottom fish ingested by Squaxin and Tulalip tribal members interviewed were caught in Puget Sound Waters (Toy et al., 1996).

East Waterway Phase II Suitability Determination
PCB TTL Memo



Table 2. Calculation of Allowable Bottom Fish Tissue Concentration Based on Risk to Recreational Fishers

Risk 1 Body Avg. BF 3 BF fraction Disposal Exp. 6 Exp. Slope Calc. Fish
wt. time 2 ingested from PS 4 area / BF freq time Factor PCB conc.
(kg) (days) (g/day) home range 5 (days/yr) (years) mg/kg-day ug/kg wet wt.

0.00001 70 25,550 31 a 0.039 b 0.169 365 30 2 3997

0.00001 70 1 11 c 0.025 d 0.169 1 1 7.7 c 1956 f
0.00001 70 1 11 c 0.025 d 0.169 1 1 2 g 7531 h

1 Corresponds to 1 additional cancer per 100,000 population.
2  Equivalent to a life expectancy of 70 years.
3  Bottom Fish
4  Puget Sound
5  395 acres / 2335 acres = 0.169
6  Exposure

a. Median fish consumption rate by recreational fishers based on Landolt et al.1985.  
b. Bottom fish represent 3.9% of the seafood caught by recreational anglers. 
    Mean of data from Landolt et al. (1985) and Simmonds et al. (1998) as reported in EVS (1999).
c. Average daily seafood consumption rate for seafood caught in urban bays by recreational anglers from Landolt et al. (1985).  
d. Bottom flatfish represent 2.5% (by weight) of the seafood caught by recreational anglers according to Landolt et al. (1985). 
e. Old cancer slope factor for PCBs. 
f. The TTL calculation performed for the Port of Seattle T-18 suitability determination (1997, 95-02133) .  
   did not consider averaging time, exposure frequency, or exposure duration and used the old slope factor (7.7) for PCBs.
g. Updated cancer slope factor for PCBs.
h. Recalculation of the T-18 TTL using the updated slope factor for PCBs.

East Waterway Phase II Suitability Determination
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Table 3.  Estimated Risk From Ingestion of PCB-Contaminated Bottom Fish Associated with the Elliot Bay Disposal 
Site

Allowable tPCB Bottom fish ingestion rates (g/day)
in bottom fish Recreational Tribal A/PI 
ug/kg wet wt. Mean IR from T-18 SD 1 Mean IR from WWY RA 2 90% IR 90% IR

0.28 1.21 17.4 18.3
7531 1.0E-05 1.9E-05 1.3E-04 4.8E-05
3997 5.3E-06 1.0E-05 7.1E-05 2.6E-05
1553 2.1E-06 3.9E-06 2.7E-05 1.0E-05

1500 5 2.0E-06 3.8E-06 2.6E-05 9.7E-06
567 7.5E-07 1.4E-06 1.0E-05 3.6E-06
341 4.5E-07 8.5E-07 6.0E-06 2.2E-06

1  Bottom fish ingestion rate used in March 1997 suitability determination for the Port of Seattle Terminal 18 (95-02133) calculated 
   using an average daily seafood consumption rate (11 g day) and assuming that 2.5% of the fish caught by recreational anglers 
   are bottom fish (both from Landolt et al., 1985).  11 x 0.025 = 0.28
2  Bottom fish ingestion rate used in West Waterway Human Health Risk Assessment (EVS, 1999) calculated using a median fish 
   consumption rate by recreational fishers (31 g/day) and assuming that bottom fish represent 3.9% of the seafood caught by 
   recreational anglers (Landolt et al., 1985 and Simmonds et al. 1998).  31 x 0.039 = 1.21
3  90th percentile of weighted mean tribal bottom fish consumption rate from Toy et al. (1996).
4  90th percentile consumption rate by Asians and Pacific Islanders from EPA (1999).
5  Bolded fish tissue concentration and associated risk estimates were used in calculating interim TTL for East Waterway Project

Risk = [(SF) x (fish tissue PCB) x (bottom fish IR) x (bottom fish home range/site size) x (EF) x (ED) x (0.001kg/g) x (0.001 mg/ug) / (body wt.) (AT)]
Where:  SF = Slope factor; IR = ingestion rate; exp. = exposure; freq. = frequency; EF = exposure frequency; ED = Exposure duration
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