
 

 

Year 0 (2004)  
Baseline Monitoring Report 
Middle Waterway Problem Area C 
Sediment Management Units 51a and 51b 
Commencement Bay Nearshore/ 
Tideflats Superfund Site 
Tacoma, Washington 

 
Prepared for 
Washington Department of 
Natural Resources 
 
 
December 11, 2006 
7946-01 
 



   
Hart Crowser  Page i 
7946-01 December 11, 2006 

CONTENTS Page 

 

1.0 INTRODUCTION 1 

1.1 Objectives and Scope 2 
1.2 Performance Standards 3 
1.3 Elements of the Year 0 Baseline Monitoring Report 3 

2.0 RESULTS OF PHYSICAL MONITORING 4 

2.1 Visual Inspection 4 
2.2. Baseline Surveys 7 

3.0 SEDIMENT CHEMICAL QUALITY MONITORING 8 

3.1 Additional SMU 51a Sediment Core Sample 8 
3.2 Chemical Analyses Results 9 
3.3 Data Quality Review 10 

4.0 HABITAT RESTORATION 12 

5.0 REFERENCES 13 

 
TABLES 
 
1 Surficial Backfill and Cap Thicknesses at Sediment Sampling Locations 
2 SMU 51a Surface Sediment Monitoring Sampling Grids and Constituents (Year 0 Baseline) 
3 SUM 51b Surface Sediment Samples and Constituents (Year 0 Baseline) 
4 Commencement Bay Sediment Quality Objectives (SQOs) 
5 Analytical Results for Year 0 Sediment Samples – Metals 
6 Analytical Results for Year 0 Sediment Samples – PCBs 
7 Analytical Results for Year 0 Sediment Samples – SVOCs 
 
 



   
Hart Crowser  Page ii 
7946-01 December 11, 2006 

CONTENTS (Continued) Page 

 
FIGURES 
 
1 Vicinity Map 
2 Site Plan 
3 Photograph Location Plan 
4 Post-Construction Bathymetry 
5 Long-Term Grade Monitoring Location Plan 
6 Year 0 Baseline Sediment Monitoring Sampling Grids (SMU 51a) 
7 Year 0 Baseline Sediment Monitoring Sampling Grids (SMU 51b) 
 
 
APPENDIX A 
POST-CONSTRUCTION PHOTOGRAPHS 
 
 
APPENDIX B 
LABORATORY ANALYTICAL DOCUMENTATION 
 



   
Hart Crowser  Page 1 
7946-01 December 11, 2006 

YEAR 0 (2004) BASELINE MONITORING REPORT  
MIDDLE WATERWAY PROBLEM AREA C 
SEDIMENT MANAGEMENT UNITS 51a AND 51b 
COMMENCEMENT BAY NEARSHORE/TIDEFLATS SUPERFUND SITE 
TACOMA, WASHINGTON 

 

1.0 INTRODUCTION 

Between July and October 2004, the Washington Department of Natural 
Resources (DNR) completed removal and capping of contaminated intertidal 
marine sediments near the head of the Middle Waterway (Figures 1 and 2).  The 
Remedial Action included sediment management units (SMUs) 51a and 51b of 
Middle Waterway Problem Area C that were contaminated with metals and 
heavy-end organic constituents from historical waste disposal and industrial 
activities.  Remedial activities involved excavation of more than 3,125 cubic 
yards of contaminated sediment from SMU 51a, backfilling of the SMU 51a 
excavation areas, and placement of a thin-layer cap on SMU 51b.  In addition to 
removing and capping a substantial volume of contaminated sediments, the 
Remedial Action enhanced intertidal and upland habitat to restore one of the 
last original tideflats in Commencement Bay.  Additional project details are 
described in the Remedial Action Construction Report (RACR, Hart Crowser 
2005a). 

This document presents results of Year 0 (2004) monitoring completed to 
establish initial baseline conditions following construction.  Monitoring activities 
for the Year 0 baseline event were completed by the DNR in accordance with 
the project Operations, Maintenance, and Monitoring Plan (OMMP, Hart 
Crowser 2005b).  The OMMP describes post-construction monitoring activities 
being implemented to ensure that the long-term performance objectives of the 
project are met.  

The OMMP and Year 0 monitoring comply with the conditions and 
requirements of the Remedial Design/Remedial Action (RD/RA) Consent Decree 
(Civil Action No. CO3-5331 (RJB) FDB), dated August 14, 2003, U.S. 
Environmental Protection Agency (EPA 2003b).  The Consent Decree was issued 
by the EPA to the DNR, City of Tacoma (City), and other parties.  The OMMP 
and Year 0 monitoring also address requirements of EPA’s Statement of Work 
(SOW)-Remedial Design, Remedial Action, and Long-Term Monitoring, dated 
April 10, 2003 (EPA 2003a).  A Vicinity Map and Site Plan for the Middle 
Waterway Area C are presented on Figures 1 and 2, respectively. 
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This Year 0 Monitoring Report is now being finalized following results of the 
Year 1 monitoring conducted in 2005. The Year 1 monitoring results 
corroborated the Year 0 conclusions and demonstrated that the current 
performance objectives of the Remedial Action have been achieved. Results of 
Year 1 monitoring are summarized in a separate report. 

1.1 Objectives and Scope 

The overall objective of post-construction monitoring is to confirm that the 
Remedial Action is achieving the project performance objectives listed in the 
Consent Decree and SOW.  These objectives include confirmation that: 

 Performance standards are achieved through the Remedial Action; 

 Exposure of potential contaminants has not occurred through physical 
processes; and 

 Natural recovery in SMU 51b has occurred within 10 years following 
completion of construction for the Remedial Action. 

Monitoring is targeted for a minimum of 5 years following completion of 
sediment remediation activities in 2004.  The need for potential additional 
monitoring will be evaluated following completion of the Year 5 (2009) 
monitoring event, with revisions made to the monitoring strategy if necessary.  
The frequency and years for long-term monitoring coincide with planned 
monitoring for Middle Waterway Area A and Area B being conducted by others. 

Year 0 Baseline Monitoring 

Monitoring for the Year 0 baseline includes sampling, and physical and chemical 
analysis of the restored sediment surface: 

 Sampling and chemical testing of surface sediments (0 to 10 centimeters 
[cm]) in SMU 51a and SMU 51b; 

 Sampling and chemical testing of a sediment core obtained in an area of 
SMU 51a with suspect residual contamination; and 

 Initial documentation of the physical characteristics of the restored tideflat 
for future evaluation of potential erosion, sediment deposition, and extent of 
intermixing with underlying sediments. 
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Observations related to the tideflat are focused on ensuring that the backfill 
function and thickness are not compromised where residual contamination 
remains in the central portion of SMU 51a.  This area is described in the RACR 
and OMMP, and includes oily material that was unavoidably deposited on the 
bottom of the excavation during removal of an overlying contaminated sediment 
layer.  The residual material was covered with a minimum 2-foot thickness of 
sandy backfill and is probably present as a thin, discontinuous film (i.e., less than 
one-quarter inch thick).  A contaminated sediment layer also remains on the King 
Salmon Marine bank, outside of and adjacent to the southwestern edge 
boundary of SMU 51a.  Erosion observations in the channel and bank areas of 
SMU 51a provide data to ensure that the contaminated layer is not exposed in 
the future. 

Monitoring also included documentation of upland and tideflat habitat 
restoration efforts and qualitative evaluation of biological activity on the tideflat.  
These activities are conducted separately from the CERCLA requirements for the 
project, but are included herein for continuity with other monitoring activities 
and documentation purposes. In addition, recolonization and recruitment of 
benthic organisms on the restored tideflat surface demonstrate the overall 
success of capping and backfilling as a key objective of the SOW. Intertidal and 
upland replanting efforts are also helping to maintain the overall physical stability 
and integrity of the SMU 51a backfill. It should be noted that EPA’s review and 
approval of this Year 0 Baseline Monitoring Report does not include habitat 
restoration elements.  

1.2 Performance Standards 

Performance standards for chemical and physical monitoring are described in 
the OMMP.  Chemical performance standards are applicable to both SMU 51a 
and SMU 51b, while physical performance standards are applicable to portions 
of SMU 51a to ensure the integrity of backfilled areas overlying residual 
contamination.  Applicable performance standards for Year 0 baseline 
monitoring activities are presented in context of subsequent text discussions. 

1.3 Elements of the Year 0 Baseline Monitoring Report 

The remainder of this report contains the following sections: 

 Section 2.0 Results of Physical Monitoring; 
 Section 3.0 Sediment Chemical Quality Monitoring; 
 Section 4.0 Habitat Restoration; and 
 Section 5.0 References. 
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2.0 RESULTS OF PHYSICAL MONITORING 

Initial physical monitoring for the Year 0 baseline was completed between 
October 14 and 20, 2005.  The work coincided with collection of surface 
sediment samples for chemical analysis (see Section 3.0).  Physical monitoring 
included visual inspections to document the post-construction condition of the 
tideflat in SMU 51a and SMU 51b.  Monitoring was conducted during low tide 
periods when the tideflat was exposed.  Observations from several subsequent 
site visits are also incorporated for baseline documentation purposes, including: 

 December 15, 2005 (Observe Completed Upland Restoration and Planting); 

 February 22, 2005 (Observe Bank Erosion); 

 March 7, 2005 (Assist Replanting of Shrubs and Trees from Bank Erosion); 
and 

 May 23, 2005 (Observe Saltmarsh Planting in Intertidal Zone). 

2.1 Visual Inspection 

The visual inspection included general observations of the restored tideflat 
surface, including surface sediment sampling locations.  Locations of referenced 
photographs are identified on Figure 3. 

General Appearance 

The extent of material placed for near-surface backfill in SMU 51a and capping 
material in SMU 51b was easily distinguishable compared to the surrounding 
area following construction (Photographs 1 and 2).  The visual appearance of the 
backfill and capping materials rapidly blended with the surrounding tideflat and 
surface became more even.  Footprints on the tideflats nearly disappeared by 
May 2005 and minor erosion features in the discharge channel for Outfall No. 
200 became more sinuous, as discussed below (Photograph 3).  Small 
depressions roughly 1 to 2 feet in diameter and several inches deep formed on 
the tideflat surface following backfill and capping material placement, but are 
likely due to localized subsidence and are expected to further blend over time.  
In addition, a thin, brown algal layer formed over the tideflat in the fall of 2004 
and became more greenish in color by the spring of 2005 (Photographs 3 and 
4). 

A relatively small, shallow depression formed following placement and/or 
settling of the surficial backfill in the southern part of SMU 51b (Figure 4).  This 
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depression formed in a relatively low-relief part of the tideflat where localized 
pockets of standing water were noted prior to construction.  This low-relief area 
may have promoted formation of the shallow depression and associated 
ponding on the post-backfill surface.  The depression retains water when ebb 
tide elevations fall below about 8 feet.  Since the completion of construction, 
additional drainage channels developed near the depression, further limiting the 
area of ponding to less than about 1,000 square feet as of May 2005. 

Surface Sediment Thickness and Composition 

Surficial sediment for the restored tideflat area consisted of brown silty sand 
placed during thin-layer capping and backfilling.  The depth to the interface with 
underlying sandy backfill in SMU 51a and underlying native sediments in SMU 
51b varied from about 6 to 12 inches. Surficial cap and backfill thickness at 
sediment sampling locations are summarized in Table 1. Observations during 
visual monitoring and sediment sampling confirmed that the silty sand was 
generally placed to the maximum design thickness of 12 inches, or slightly 
thicker in some locations.  As noted in the RACR, local exceedances of the 
design thickness were considered acceptable given the risks/difficulty of the 
placement method, limited tidal windows, and undesirability of a second round 
of placement in any areas of inadequate coverage.  Also, no adverse effects from 
the slightly thicker cap were identified.  To the contrary, worm tubes and other 
burrows were identified on the surficial backfill/cap surface within days to weeks 
of placement, indicating reoccupation of the new near-surface sediments by the 
benthic community (Photographs 5 and 6). 

As expected, there was a sharp interface between the surficial backfill/capping 
material placed during construction and the underlying sediments (Photograph 
7).  Intermixing was minimal although the contact with underlying sediments was 
somewhat irregular.  The irregular contact resulted from placement of the 
surficial backfill and capping material over a local “dimples” in the underlying 
sediments surface, or settlement of the overlying surficial material.  In SMU 51a, 
the surficial sediment overlies coarser sandy gravel backfill, and in SMU 51b the 
surficial sediment overlies native sandy silts in SMU 51b as a thin-layer cap. 

Erosion 

As detailed below, erosion areas of note were limited to minor slope raveling in 
the upper portion of the SMU 51a outfall channel, gullying near the head of the 
outfall channel, and bank erosion at the southeastern edge of SMU 51a.  Little or 
no erosion has been observed throughout the remaining tideflat areas of SMU 
51a and SMU 51b.  Virtually no lateral migration of the main portion of the 
outfall channel has occurred since October 2004. It should be stressed that the 
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sediment sampling stations were not located in the areas of erosion, nor were 
the sampling stations affected by erosion in any way. No erosion was noted in 
capped areas of SMU 51b or where minor residual contamination remains in 
and adjacent to SMU 51a, as described in the RACR (Hart Crowser 2005a), the 
OMMP (Hart Crowser 2005b), and in Section 3.1, below. 

Outfall Channel Erosion 

Following completion of backfilling of the SMU 51a tideflat and outfall channel 
areas in October 2004, a series of broad, parallel cuts and shallow arcuate 
gullies formed on the eastern side slope of the channel (Photographs 8 and 9).  
The cuts were shallow and typically 2 to 5 feet in length to the top of the 
channel side slope.  Erosion was less than about a foot deep in the side slope 
gullies and quickly disappeared as the side slope stabilized and adjusted with 
tidal exchange. These observations demonstrate that the minor erosion features 
were transient in nature, and had no affect on the physical performance of the 
channel or SMU 51a backfill. These features are typical of newly constructed 
channel, and were no longer visible as of May 2005 (Photograph 3).  

A shallow side gully formed above and within the southeastern part of the outfall 
channel in October 2004 (Photograph 10).  This side gully formed roughly 
perpendicular to the main outfall channel and drained runoff from the bank and 
upland area of the East 11th Street construction access corridor.  Although the 
channel is still present as of through May 2005, the upland area to the south has 
been planted and stabilized, and the channel does not appear to constitute a 
major erosion concern (Photograph 11). 

Two other prominent channel gullies formed through the bank area just east of 
the outfall at the head of SMU 51a and have remained entrenched since the fall 
of 2004 (Photographs 12 and 13).  The gullies were up to about 1 foot wide and 
1 foot deep.  The gullies were filled with rocks and soil in March 2005 during 
other site activities, and are continuing to be visually monitored.  As part of 
upland restoration activities, the City of Tacoma constructed a concrete berm 
next to East 11th Street and King Salmon Marine to retain runoff.  Along with 
upland planting, and placement of jute mats over the bank area, these measures 
should continue to decrease runoff and mitigate gullying. 

As discussed above, the shallow side channel and bank gullies were not in areas 
of sediment sampling, nor did they adversely affect the thickness of backfill 
material in SMU 51a. These features will continue to be monitored closely and 
their appearance and configuration described in the Year 1 Monitoring Report 
for 2005. A map of the location of these features will also be included with the 
Year 1 Monitoring Report and in subsequent monitoring reports, as necessary.   
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Wave Undercutting of Upland Bank 

Wave undercutting of the upland bank at the southeastern boundary of the 
SMU 51 was observed following several storm cycles between December 2004 
and February 2005 (Photographs 14 and 15).  A number of the shrubs and trees 
along the bank were partially washed out or were in danger of being washed 
out.  These shrubs and trees were replanted on March 7, 2005, by a work party 
organized by DNR and the site steward.  No additional erosion was noted as of 
May 2005 and the bank slope appeared stable (Photographs 16 and 17).  
Growing vegetation and relatively coarse bank materials are expected to prevent 
additional shoreward erosion or channeling.  Jute mats were also installed along 
the bank in May 2005.  The current bank slope and condition are similar to the 
pre-construction bank condition. 

Debris 

Site visits in October 2004 noted logs, wood, bark and organic matter, and a 
small amount of litter washed up near the head of SMU 51a and bank areas.  
The debris did not appear to adversely impact the channel, outfall, and backfill 
materials in SMU 51a.  The debris washed out again during fall and winter 
storms and appears to be transient.  Some of the logs may have been manually 
removed by others, as well.  More recent logs have become lodged at the outfall 
discharge (Photograph 18) and have been deposited within the upper tideflat 
replanting area completed in May 2005.  Transient log debris is expected to be 
an on-going condition. 

2.2. Baseline Surveys 

A post-construction bathymetric survey was completed following completion of 
tideflat backfilling and thin-layer capping in SMU 51a and SMU 51b, 
respectively.  A baseline bathymetry map is presented on Figure 4.  This 
bathymetric survey documents the configuration of the restored outfall channel 
and provides comparative baseline elevation data for future elevation surveys.  
In accordance with OMMP requirements, the survey for the outfall channel was 
completed at 10-foot intervals from the outfall discharge to the channel exit 
point from SMU 51a. 

In conjunction with the baseline bathymetric survey, grade stakes were 
established in SMU 51a at the locations identified on Figure 5.  Elevation surveys 
for these locations are planned to begin in August 2005 to compare with the 
initial baseline elevation readings. 
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3.0 SEDIMENT CHEMICAL QUALITY MONITORING 

Year 0 baseline sampling of the backfilled surface of SMU 51a and capped 
surface of SMU 51b was conducted in October 2004 at the locations shown on 
Figures 6 and 7, respectively.  Sixteen discrete samples were collected from the 
upper 10 cm of the tideflat surface by hand during low-tide periods when the 
tideflat was exposed.  Sampling including two blind field duplicates of SMU 51a 
sample B-2 and SMU 51b sample K.  A sample from the A-1-5 grid could not be 
obtained because of the presence of coarse, rocky backfill. 

In SMU 51a, the area of each grid for post-construction sampling covers several 
separate cells that were excavated individually during removal of contaminated 
sediment.  The sampling grid was also determined based on results of numerous 
historical sediment characterization efforts supporting remedial design.  The 
SMU 51b sampling grid was developed based on results of historical sediment 
characterization and for general coverage.  Additional details regarding the 
development of the Year 0 sampling grid are discussed in the OMMP.  The SMU 
51a sampling grid areas for the Year 1 (2005) and subsequent sampling events 
were further modified based on the results of the Year 0 baseline event. 

Except as noted, sample collection and laboratory chemical analysis conform 
with procedures described in the EPA-approved Sampling and Analysis Plan 
(Foster Wheeler 1998a), and Quality Assurance Project Plan (Foster Wheeler 
1998b) for the Middle Waterway Problem Area. 

3.1 Additional SMU 51a Sediment Core Sample 

An additional sediment core sample was collected in the southern portion of 
SMU 51a as a result of encountering a contaminated sediment layer during the 
excavation.  The contaminated sediment layer exhibited sheen and petroleum 
hydrocarbon-like odors and became a focus for removal during excavation in 
SMU 51a.  Although excavation completely removed this layer from the limits of 
SMU 51a, residual contaminants were suspected at the bottom of the 
excavation near sampling grid B-2 (Figure 6).  The affected area was lined with a 
geomembrane as a further measure to isolate residual contamination before 
backfilling.  The liner was also extended along the bank area next to King 
Salmon Marine where the contaminated layer remains isolated beneath the bank 
outside of SMU 51a. 

As an early warning indicator of potential contamination entering the SMU 51a 
cell backfill in grid B-2, Year 0 baseline monitoring included a sediment core 
collected at the B-2 sampling location.  The core was collected via hand auger 
through a 3-foot thickness of sandy gravel backfill and was subdivided into three, 
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1-foot-long sample sections: B-2-Ca (0- to 1-foot depth), B-2-Cb (1- to 2-foot 
depth), and B-2-Cc (2- to 3-foot depth).  The lowermost core section B-2-Cc-
2004) was submitted for chemical analysis as an assumed “worst case” indicator 
of potential contamination entering the backfill. 

3.2 Chemical Analyses Results 

Sediment samples from the Year 0 baseline event were submitted to the 
Washington State Department of Ecology’s (Ecology’s) Manchester Laboratory 
for chemical analysis of constituents listed in Tables 2 and 3 for SMU 51a and 
SMU 51b, respectively.  Selected constituents for analysis were based on 
exceedances of Commencement Bay Sediment Quality Objectives (SQOs – 
Table 4) from historical sampling in SMU 51a and SMU 51b.  Analytical results 
from the historical sampling define indicator constituents for each sampling grid 
in the SMUs.  Constituents that were historically not detected, but that had 
analytical detection limits above their respective SQOs were not analyzed. 

Analytical results of Year 0 baseline samples are presented in Tables 5 through 7. 
It should be noted that additional constituents were analyzed in comparison 
with the minimum listed in Tables 2 and 3. 

There were no exceedances of SQOs. It should also be noted that elevated 
benzoic acid concentrations were detected in every sample including laboratory 
blanks.  The laboratory report narrative indicates that calibration criteria for the 
semivolatile organic analyses exceeded QA control limits, i.e. low continuing 
calibration responses.  The benzoic acid exceedances, therefore, are interpreted 
as an artifact of the testing method.  With few exceptions, other detected 
constituents or laboratory reporting limits for undetected constituents were less 
than one-half their respective SQOs.  The Year 0 baseline data indicate a 
relatively pristine post-backfilling/capping surface for SMU 51a and SMU 51b. 

Analytical results for SMU 51a core sample B-2-Cc were comparable to those for 
surface sediments samples, with few detected constituents.  Sample B-2-Cc was 
the deepest sample obtained from the core and, therefore, most likely to be 
contaminated.  The upper core sections B-2-Ca (1- to 2-foot depth) and B-2-Cb 
(2- to 3-foot depth), therefore, were not submitted for analysis, as required if 
SQOs had been exceeded in the B-2-Cc sample. 

As discussed below, results for VOC analyses were rejected based on problems 
with hold time and temperature exceedances. Based on the noted QA/QC 
concerns, an initial detection of xylenes in one sample (A-2-M-2004) at a very 
low, estimated concentration of 1.2 micrograms per kilogram is considered 
suspect. Although results from VOC analysis are rejected, it is unlikely that 
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capping and backfill materials were affected by VOCs during the Year 1 
sampling. Further confirmation sampling and testing for VOCs completed as part 
of Year 1 monitoring conducted in August 2005 did not detect VOCs at the A-2-
M-2004. Low-level detections of xylenes and perchloroethene at other sampling 
locations during Year 1 monitoring are attributed to ambient background 
sources in the water column (see Year 1 report for further discussion).   

It should also be noted that sample cleanup was implemented for PCB analyses 
only. As a modification to the general Foster Wheeler QAPP (1998b), cleanup 
included Florisil Column Method 3620, v1.2, and Sulfur Removal Method 3660B 
with tetrabutylammonium sulfite treatment, v1.2. Cleanup was completed in 
accordance with SW 846 protocols.  

3.3 Data Quality Review 

The analytical data were subject to a data quality review at Ecology’s 
Manchester Laboratory to assess whether the data met the specified QC 
acceptance criteria for the project.  The data quality review also underwent an 
independent  peer review at Ecology’s Manchester Laboratory.  The review is 
based on quality control requirements described in the project Quality 
Assurance Project Plan (QAPP) and related EPA guidelines: 

 EPA National Functional Guidelines for Organic Data Review (EPA 1999); 
and 

 EPA National Functional Guidelines for Inorganic Data Review (EPA 2004). 

Specific QC objectives are listed in the QAPP and include data validation 
qualifier flags, field quality control parameters, and laboratory quality control 
parameters (precision, accuracy, representativeness, comparability, and 
completeness).  Ecology’s Manchester Laboratory evaluated the objectives 
based on analytical methods, holding times, instrument tuning, calibration, 
blanks, surrogates, matrix spikes, replicates, and laboratory control samples. Hart 
Crowser completed an additional summary review of the Manchester QA 
narratives. We further qualified the VOC data and some SVOC data as rejected 
following further data review and discussions with EPA and the US Army Corps 
of Engineers.  

The data obtained are of acceptable quality and suitability for their intended use, 
with the minor qualifications noted below.  Data validation reports and related 
documentation are provided in Appendix A. 
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Metals 

No qualifications were noted with regard to holding times, calibration, method 
blanks, spikes, replicates, and laboratory control samples for samples other than 
antimony and silver.  As reported by the Manchester lab, samples for metals 
analyses were analyzed in two batches. During analysis of the initial batch in 
November 2004, analyses of silver, nickel, antimony, and copper were 
inadvertently omitted for samples G-M-2004, A-2-M-2004, B-2-M-2004, B-2-Cc-
2004, and X-M-2004 (duplicate of B-2-M-2004). These samples were 
subsequently reanalyzed for the constituents noted in March 2005.  The 
Manchester lab case narrative indicates that the initial extracts from the October 
2004 testing were not spiked with silver and antimony, and that the laboratory 
control sample and matrix spikes could not be analyzed during the March 2005 
testing.  Results for the latter analytes, therefore, are flagged as estimates for the 
applicable samples. 

Polychlorinated Biphenyls (PCBs) 

No qualifications were noted with regard to holding times, calibration, 
instrument DDT degradation control samples, blanks, surrogates, duplicate 
samples, duplicate matrix spiked samples, and laboratory control samples. 

Semivolatile Organic Compounds (SVOCs) 

The initial and continuing calibration checks for several compounds identified on 
the laboratory narrative were beyond the laboratory control limits and, therefore, 
were flagged as rejected. These compounds included benzoic acid, 
hexachlorocyclopentadiene, 2,4-dinitrophenol, pentachlorophenol, benzidine, 
and 3B-coprostanol. 

Several target phenol and phthalate compounds, and phenanthrene were 
detected in the laboratory blank samples.  These compounds were considered 
as real detections if concentrations in the samples were greater than or equal to 
five times the area counts in the method blanks. In other samples, these 
compounds were detected at concentrations less than 5 times the 
concentrations in the associated lab blank. In these cases the detections were 
qualified by the Manchester lab as UJ: 

 Phenanthrene: EF-M-2004 qualified as UJ; 

 Diethylphthalate: All samples qualified as UJ except A-2-M-2004 (no 
qualifiers); and A-2-M-2004, HIJ-M-2004, and O-M-2004 qualified as U;  
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 Di-N-Butylphthalate: All samples qualified as UJ except X-2-M-2004 (blind 
field duplicate of B-2-M-2004) qualified as U; and 

 Bis(2-Ethylhexyl)Phthalate: All samples qualified as UJ except B-2-Cc-2004 
(no qualifiers), and O-M-2004 (no qualifiers) 

Matrix spikes for several compounds exceeded acceptable limits and are 
qualified as estimates.  Results for several other compounds were rejected 
because they were not recovered in the matrix spikes. 

Several compounds are flagged as estimated because of laboratory fortified 
blank recoveries beyond acceptable limits.  Several other compounds had high 
recoveries and were qualified where detected in the samples. 

Volatile Organic Compounds (VOCs) 

Samples for VOC analysis were shipped from the Manchester lab to Analytical 
Resources, Inc. (ARI) lab in Seattle on October 28, 2005.  The sample cooler 
received by ARI had a reported temperature of 13.0 degrees C.  This 
temperature is outside acceptable control limits, and data are rejected as 
possibly low-biased. Qualifications based on other QA review parameters are 
included below for completeness.  

Initial and continuing calibration checks were within control limits with several 
exceptions that did not affect the results.  Analytes with high recoveries 
indicating a possible high bias were not detected in the samples; results, 
therefore, were unaffected and not qualified based on calibration parameters. 

Sample A-2-M-2004 was sampled on October 15, 2004, rather than on October 
19 as indicated on the sample custody form.  The analyses for VOCs were 
completed on November 2, 2004, 4 days past the holding time.  Results may be 
biased low.  The VOC data for this sample, therefore, were rejected based on 
the exceedance of the holding time.   

4.0 HABITAT RESTORATION 

Restoration of the upland access corridor for SMU 51a was completed in 
accordance with requirements of the contract design, plans, and specifications in 
September and October 2004.  As noted above, habitat restoration and related 
monitoring are being conducted separately from the CERCLA requirements for 
the project. A brief summary of habitat restoration efforts is provided herein for 
documentation purposes and to provide continuity with discussion of 
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construction activities, bank stabilization, erosion control measures, and other 
monitoring efforts.  

The upland area was replanted between November 22 and 24, 2004.  During 
site visits in December 2004 and February and March 2005, plants in the 
restored upland area were observed to be in apparent good condition 
(Photographs 12).  Limited growth during the winter season made more 
conclusive evaluation of the overall health of individual species difficult.  As 
noted above, plants along the eroded bank edge identified in February 2005 
were relocated slightly farther up the bank, with apparent loss of only a few 
individual shrubs from erosion.  Significant growth and greening were apparent 
by May 2005 in the replanted upland area (Photographs 19 and 20). 

On May 23, 2005, the upper saltmarsh zone of SMU 51a (elevation 11.4 to 13.4 
feet U.S. Army Corps of Engineers Mean Lower Low Water datum) was planted 
with tufted hairgrass (Deschampsia cespitosa) and saltgrass (Distichlis spicata).  
The lower saltmarsh zone (elevation 9.9 to 11.4 feet) was planted with 
pickleweed (Salicornia virginica).  The supplying nursery mistakenly provided 
brass buttons (Cotula coronopifolia) rather than fleshy jaumea (Jaumea carnosa) 
as required for the lower saltmarsh zone.  The latter species is not available for 
planting this season, and will be evaluated further for future consideration.  The 
decision to maintain or remove the brass buttons is also under consideration.  
The saltmarsh planting zone was protected with a goose exclusion structure 
(Photograph 21), but a log and other floating debris have since been deposited 
in the planting area. 
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Table 1 - Surficial Backfill and Cap Thicknesses at Sediment Sampling Locations

Sample Location Silty Sand Thickness in Inches
SMU 51a (Surficial Backfill)

AB 6  
A-2 6
B-2 6
CD 6
EF 6
G 6

HIJ 6
SMU51b (Surficial Cap)  

K 5.5
L 12
M 13
N 12
O 11
P 10
Q 10
R 12
S 10
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Table 2 - SMU 51a Surface Sediment Monitoring Sampling Grids and Constituents (Year 0 Baseline)

AB A-2 B-2b CD EF G HIJ X3

Historical Explorationsa MID-10 MID-10 MW-144 TF-23 MID-05 MID-03
STORMDRAIN MID-08 MID-04 MID-06 MID-02

MID-09 MID-07 MW-143 TF-21
HC-1 TF-22 MID-01

MD-11
MWHEAD1

Surface Sediment Quality Sample No. 
AB-M-2004 A-2-M-2004 B-2-M-2004 CD-M-2004 E-M-2004 and

F-2-M-2004
G-M-2004 HIJ-M-2004 X-M-2004

Constituents for Analysis
Antimony X X X
Arsenic X X X X
Cadmium X X X X X
Chromium X
Copper X X  X X X
Lead X X X X
Mercury X X X X X X X X
Nickel X X X
Silver X X X
Zinc X X X X X
SQO LPAHs X X X X X X X X
SQO HPAHs X X X X X X X X
SQO Chlorinated Hydrocarbons X X X
1,2-dichlorobenzene X X
1,4-dichlorobenzene X X
Bis(2-ethylhexyl)phthalate X X X
SQO Misc. Extractables X X X
Dibenzofuran X
PCBs X X X X
SQO Phenols X X X
Phenol X X
2-methylphenol X
2,4-dimethylphenol X
Pentachlorophenol X
Benzyl Alcohol X
SQO Phthalates X X X
SQO Pesticides X X X
SQO Volatile Organic Compounds X X X

Notes  
LPAHs Low-molecular weight polycyclic aromatic hydrocarbons
HPAHs High-molecular weight polycyclic aromatic hydrocarbons
a See Design Analysis Report (Hart Crowser 2004) for description and discussion of historical explorations.
b    Location B-2 also includes sediment core sample B-2-C. Core intervals: B-2-Ca (0 to 1 foot depth below mudline), B-2-Cb (1 to 2 feet depth), and B-2-Cc (2 to 3 feet depth).
    Sample B-2-Cc (2 to 3 feet depth analyzed for same constitunets as surface sample B-2.
c    Blind field duplicate of sample B-2-M-2004.

Year 0 Baseline Sampling Grid
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Table 3 - SMU 51b Surface Sediment Samples and Constituents (Year 0 Baseline)

K L M N O P Q R Yb

Historical Explorations MW-142 TF-20 MW-141 MW-052 MW-139 MW-051 MW-050 MW-135 MW-132 MW-008-SP
Surface Sample X X X X X X X X X
Subsurface Samples X X X X
Surface Sediment Quality 
Monitoring Sample No. K-M-2004 L-M-2004 M-M-2004 N-M-2004 O-M-2004 P-M-2004 Q-M-2004 R-M-2004 X-M-2004

Constituents for Analysis
Mercury X X X X X X
Zinc
LPAHs X X X X X
HPAHs X X X X X X
Bis(2-ethylhexyl)phthalate X X
Dibenzofuran X X
N-Nitrosodiphenylamine X X
Total PCBs X
Phenol
2-methylphenol X X
2,4-dimethylphenol X X X X X
Benzyl Alcohol
Benzoic Acid
4,4' - DDE X
4,4' - DDT X

Notes
LPAHs Low-molecular weight polycyclic aromatic hydrocarbons
HPAHs High-molecular weight polycyclic aromatic hydrocarbons
a See Design Analysis Report (Hart Crowser 2004) for description and discussion of historical explorations.
b    Blind field duplicate of sample S-M-2004.

Year 0 Baseline and Long-Term Sediment Monitoring Sampling Grid

S-M-2004

S

X

X

X
X
X
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Table 4 - Commencement Bay Sediment Quality Objectives (SQOs) Sheet 1 of 2

Constituents SQO
Metals in mg/kg 
Antimony 150
Arsenic 57
Cadmium 5.1
Copper 390
Lead 450
Mercury 0.59
Nickel 140
Silver 6.1
Zinc 410
Phenolics (Acids) in ug/kg 
Phenol 420
2-Methylphenol 63
4-Methylphenol 670
2,4-Dimethylphenol 29
Pentachlorophenol 360
Benzyl alcohol 73
Benzoic acid 650
LPAHs in ug/kg 
Naphthalene 2,100         
2-Methylnaphthalene 670            
Acenaphthylene 1,300         
Acenaphthene 500            
Fluorene 540            
Phenanthrene 1,500         
Anthracene 960            
Total LPAHs 5,200         
HPAHs in ug/kg
Fluoranthene 2,500         
Pyrene 3,300         
Benz(a)anthracene 1,600         
Chrysene 2,800         
Total benzofluoranthenes 3,600         
Benzo(a)pyrene 1,600         
Indeno(1,2,3-cd)pyrene 690            
Dibenz(a,h)anthracene 230            
Benzo(g,h,i)perylene 720            
Total HPAHs 17,000       
Chlorinated Hydrocarbons in ug/kg 
1,3-Dichlorobenzene 170            
1,4-Dichlorobenzene 110            
1,2-Dichlorobenzene 50
1,2,4-Trichlorobenzene 51              
Hexachlorobenzene 22              
Phthalates in ug/kg 
Dimethyl phthalate 160            
Diethyl phthalate 200            
Di-n-butyl phthalate 1,400         
Butyl benzyl phthalate 900            
Bis(2-ethylhexyl)phthalate 1,300         
Di-n-octyl phthalate 6,200         
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Table 4 - Commencement Bay Sediment Quality Objectives (SQOs) Sheet 2 of 2

Constituents SQO
Misc. Extractables in ug/kg 
Dibenzofuran 540            
Hexachlorobutadiene 11              
N-Nitrosodiphenylamine 28              
Pesticides/PCBs in ug/kg 
Total PCBs 300            
4,4'-DDE 9                
4,4'-DDD 16              
4,4'-DDT 34              
VOCs in ug/kg 
Ethylbenzene 10              
Tetrachloroethene 57              
Total xylenes 40            
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Table 5 - Analytical Results for Year 0 Sediment Samples - Metals

Sample ID Sampling
Date

SQO: 57 5.1 390 450 0.59 410
SMU 51

A-2-M-2004 10/19/2004 0.20 UJ 2.21 0.10 U 6.49 0.031 0.10 UJ 31
AB-M-2004 10/15/2004 0.032
B-2-M-2004 10/19/2004 0.20 UJ 2.31 0.10 U 7.18 0.023 30.4 0.10 UJ 30
B-2-Cc-2004 10/20/2004 0.20 UJ 3.26 0.10 U 4.22 0.021 25.7 0.10 UJ 37
CD-M-2004 10/15/2004 0.028
EF-M-2004 10/15/2004 13.5 0.022
G-M-2004 10/15/2004 2.84 0.10 U 27.5 12.8 6.74 0.023 31
HIJ-M-2004 10/15/2004 0.10 U 0.028 31
X-M-2004a 10/19/2004 0.20 UJ 2.58 0.10 U 9.15 0.035 32.7 0.10 UJ 32

SMU 51b
K-M-2004 10/20/2005 0.026
M-M-2004 10/14/2005 0.027
O-M-2004 10/14/2005 0.035
P-M-2004 10/14/2005 0.029
R-M-2004 10/14/2005 0.20 UJ 0.024
S-M-2004 10/14/2005 0.029
Y-M-2004b 10/15/2005 0.024

Notes:
a Duplicate of sample B-2-M-2004.
b Duplicate sample located 20 feet east and 5 feet north of sample K-M-2004.
U = Not detected at reporting limit (RL) indicated.
J = Estimate value.
Blank indicates sample not analyzed or no SQO established for specific analyte.

Silver
Concentration in mg/kg

Antimony Cadmium Chromium Copper Lead Mercury ZincArsenic Nickel

Hart Crowser
 794601\Year 0 report\Chem Rslts Tables (Year 0) - 12-11-06-Table 5



Table 6 - Analytical Results for Year 0 Sediment Samples - Organochlorine Pesticides and Polychlorinated Biphenyls 
(PCBs)

Sample ID: SQO
Sampling Date:

Pesticide/PCBs in µg/kg
4,4'-DDE 9 0.58 U 0.60 U 0.57 U 0.57 U 0.59 U
4,4'-DDD 16 0.58 U 0.60 U 0.57 U 0.57 U 0.59 U
4,4'-DDT 34 0.58 U 0.60 U 0.57 U 0.57 U 0.59 U
Aroclor 1016 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1221 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1232 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1242 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1248 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1254 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1260 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1262 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Aroclor 1268 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U
Total PCBs 300 7.3 U 7.5 U 7.1 U 7.1 U 7.2 U 7.3 U

Notes:
a Duplicate of sample B-2-M-2004.
U = Not detected at reporting limit (RL) indicated.
Blank indicates sample not analyzed or no SQO established for specific analyte.

10/14/200410/20/200410/19/2004 10/19/2004 10/19/200410/15/2004

SMU 51a SMU 51b
A-2-M-2004 B-2-M-2004 X-M-2004aEF-M-2004 S-M-2004B-2-Cc-2004
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 1 of 9

Sample ID SQO
Sampling Date

LPAHs in µg/kg
2-Methylnaphthalene 670 5.8 U 6.9 J 4.9 J 5.7 U 6.1 5.9 U 6
Acenaphthene 500 5.8 U 6.9 J 12 U 5.7 U 5.7 U 5.9 U 5 U
Acenaphthylene 1300 5.8 U 6.9 J 12 U 5.7 U 7.9 5.9 U 5 U
Anthracene 960 5.1 J 8.8 J 3.3 J 5.7 U 6.7 5.9 U 5 U
Fluorene 540 5.8 U 7.7 J 3.4 J 5.7 U 5.7 U 5.9 U 5 U
Naphthalene 2100 5.8 U 15 5.9 J 5.7 U 14 6.9 6.4
Phenanthrene 1500 20 35 12 UJ 11 24 14 8.1
Total LPAHs 5200 25.1 87.2 17.5 11 58.7 20.9 20.5

HPAHs in µg/kg
Benzo(a)anthracene 1600 14 22 7.2 J 5.7 U 21 7.6 5 U
Benzo(a)pyrene 1600 19 12 0.81 J 5.7 U 21 5.9 U 5 U
Benzo(ghi)perylene 720 7.8 22 12 J 5.7 U 10 5.9 U 5 U
Chrysene 2800 20 33 17 6.8 34 10 8.3
Dibenzo(a,h)anthracene 230 5.8 U 12 U 12 U 5.7 U 5.7 U 5.9 U 5 U
Fluoranthene 2500 29 56 15 8.5 58 18 11
Indeno(1,2,3-cd)pyrene 690 6.7 13 7.9 J 5.7 U 9.7 5.9 U 5 U
Pyrene 3300 40 60 23 9.1 66 28 14
Benzo(b)fluoranthene 19 J 23 U 24 U 5.7 UJ 32 J 7.4 J 7.3 J
Benzo(k)fluoranthene 18 J 23 U 24 U 5.7 UJ 36 J 8.3 J 9.5 J
Total Benzofluoranthenes 3600 37 J 23 U 24 U 5.7 UJ 68 J 15.7 J 16.8 J
Total HPAHs 17000 173.5 218 82.91 24.4 287.7 79.3 50.1

Chlorinated Hydrocarbons in µg/kg
1,2,4-Trichlorobenzene 51 5.8 U 5.7 U 5.7 U 5.9 U 5 U
1,2-Dichlorobenzene 50 5.8 U 5.7 U 5.7 U 5.9 U 5 U
1,3-Dichlorobenzene 170 5.8 U 5.7 U 5.7 U 5.9 U 5 U
1,4-Dichlorobenzene 110 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Hexachlorobenzene 22 5.8 U 5.7 U 5.7 U 5.9 U 5 U

Phthalates in µg/kg
Bis(2-Ethylhexyl)Phthalate 1300 59 UJ 64 69 UJ 73 UJ 38 UJ
Butylbenzylphthalate 900 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Diethylphthalate 200 11 9.6 UJ 10 UJ 9 UJ 12 UJ
Dimethylphthalate 160 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Di-N-Butylphthalate 1400 13 UJ 10 UJ 10 UJ 7.6 UJ 10 UJ
Di-N-Octyl Phthalate 6200 5.8 U 5.7 U 5.7 U 5.9 U 5 U

EF-M-2004
10/15/2004

AB-M-2004
10/15/2004

SMU 51a 

10/19/2004
A-2-M-2004 B-2-Cc-2004

10/20/2004
B-2-M-2004
10/19/2004

CD-M-2004
10/15/2004

G-M-2004
10/15/2004
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 2 of 9

Sample ID SQO
Sampling Date

EF-M-2004
10/15/2004

AB-M-2004
10/15/200410/19/2004

A-2-M-2004 B-2-Cc-2004
10/20/2004

B-2-M-2004
10/19/2004

CD-M-2004
10/15/2004

G-M-2004
10/15/2004

Phenolics (Acids) in µg/kg
2,4,5-Trichlorophenol 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
2,4,6-Trichlorophenol 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
2,4-Dichlorophenol 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2,4-Dimethylphenol 29 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2,4-Dinitrophenol REJ REJ REJ REJ REJ
2-Chlorophenol 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2-Methylphenol 63 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2-Nitrophenol 5.8 U 5.7 U 5.7 U 5.9 U 5 U
4,6-Dinitro-2-Methylphenol 232 UJ 228 UJ 228 UJ 234 UJ 202 UJ
4-Chloro-3-Methylphenol 5.8 U 5.7 U 5.7 U 5.9 U 5 U
4-Methylphenol 670 5.8 U 5.7 U 5.7 U 13 5 U
4-Nitrophenol 58 UJ 57 UJ 57 UJ 59 UJ 50 UJ
Benzoic Acid 650 REJ REJ REJ REJ REJ
Benzyl Alcohol 73 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
Pentachlorophenol 360 REJ REJ REJ REJ REJ
Phenol 420 5.8 U 5.7 U 5.7 U 5.9 U 5 U

Misc. Extractables in µg/kg
1,2-Diphenylhydrazine 5.8 U 5.7 U 5.7 U 5.9 U 5 U
1-Methylnaphthalene 5.8 U 4.8 J 2.7 J 5.7 U 6.1 U 5.9 U 6 U
2,2'-Oxybis(1-Chloropropane) 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2,4-Dinitrotoluene 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2,6-Dinitrotoluene 5.8 U 5.7 U 5.7 U 5.9 U 5 U
2-Chloronaphthalene 5.8 U 12 U 12 U 5.7 U 5.7 U 5.9 U 5 U
2-Nitroaniline 5.8 U 5.7 U 5.7 U 5.9 U 5 U
3,3'-Dichlorobenzidiene 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
3B-Coprostanol REJ REJ REJ REJ REJ
3-Nitroaniline 5.8 U 5.7 U 5.7 U 5.9 U 5 U
4-Bromophenyl-Phenylether 5.8 U 5.7 U 5.7 U 5.9 U 5 U
4-Chloroaniline 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
4-Chlorophenyl-Phenylether 5.8 U 5.7 U 5.7 U 5.9 U 5 U
4-Nitroaniline 12 U 11 U 11 U 12 U 10 U
Aniline 5.8 UJ 5.7 UJ 5.7 UJ 5.9 UJ 5 UJ
Benzidine REJ REJ REJ REJ REJ
Bis(2-Chloroethoxy)Methane 5.8 U 5.7 U 5.7 U 5.9 U 5 U
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 3 of 9

Sample ID SQO
Sampling Date

EF-M-2004
10/15/2004

AB-M-2004
10/15/200410/19/2004

A-2-M-2004 B-2-Cc-2004
10/20/2004

B-2-M-2004
10/19/2004

CD-M-2004
10/15/2004

G-M-2004
10/15/2004

Bis(2-Chloroethyl)Ether 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Caffeine 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Carbazole 5.8 U 12 U 12 U 5.7 U 5.7 U 5.9 U 5 U
Dibenzofuran 540 5.8 U 5.3 J 2.3 J 5.7 U 4.4 J 5.9 U 5 U
Hexachlorobutadiene 11 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Hexachlorocyclopentadiene REJ REJ REJ REJ REJ
Hexachloroethane 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Isophorone 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Nitrobenzene 5.8 U 5.7 U 5.7 U 5.9 U 5 U
N-Nitrosodimethylamine 12 U 11 U 11 U 12 U 10 U
N-Nitroso-Di-N-Propylamine 5.8 U 5.7 U 5.7 U 5.9 U 5 U
N-Nitrosodiphenylamine 28 5.8 U 5.7 U 5.7 U 5.9 U 5 U
Pyridine 12 U 11 U 11 U 12 U 10 U
Retene 20 58 19 J 3.6 J 25 17 20
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 4 of 9

Sample ID SQO
Sampling Date

LPAHs in µg/kg
2-Methylnaphthalene 670
Acenaphthene 500
Acenaphthylene 1300
Anthracene 960
Fluorene 540
Naphthalene 2100
Phenanthrene 1500
Total LPAHs 5200

HPAHs in µg/kg
Benzo(a)anthracene 1600
Benzo(a)pyrene 1600
Benzo(ghi)perylene 720
Chrysene 2800
Dibenzo(a,h)anthracene 230
Fluoranthene 2500
Indeno(1,2,3-cd)pyrene 690
Pyrene 3300
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Total Benzofluoranthenes 3600
Total HPAHs 17000

Chlorinated Hydrocarbons in µg/kg
1,2,4-Trichlorobenzene 51
1,2-Dichlorobenzene 50
1,3-Dichlorobenzene 170
1,4-Dichlorobenzene 110
Hexachlorobenzene 22

Phthalates in µg/kg
Bis(2-Ethylhexyl)Phthalate 1300
Butylbenzylphthalate 900
Diethylphthalate 200
Dimethylphthalate 160
Di-N-Butylphthalate 1400
Di-N-Octyl Phthalate 6200

5.3 U 13 5.9 U 4.4 J 3.2 J 6.2 U 5.1 U
5.3 U 7.5 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 7  5.9 U 6.2 U 3.4 J 6.2 U 5.1 U
5.3 U 10 5.9 U 5.1 J 5.8 U 6.2 U 5.1 U
5.3 U 6.7 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 28 5.9 U 6.8 5.8 U 6.2 J 5.1 U
9.7 44 5.6 J 13 12 8 8.1
9.7 116.2 5.6 J 29.3 18.6 14.2 8.1

6.5 21 5.9 U 8.9 10 3.5 J 5.1 U
5.3 U 21 5.9 U 7.6 10 6.2 U 5.1 U
5.3 U 11 5.9 U 8.3 13 6.2 U 5.1 U
14 40 5.9 U 15 21 8 5.4

5.3 U 6 U 5.9 U 5.7 U 5.8 U 6.2 U 5.1 U
12 69 6.7 21 20 9.9 12

5.3 U 7.9 59 U 5.7 J 8.8 6.2 U 5.1 U
19 94 9.5 27 28 10 10
12 J 43 J 5.9 UJ 10 J 12 J 6.2 UJ 5.1 UJ

9.8 J 41 J 5.9 UJ 12 J 19 J 6.2 UJ 5.1 UJ
21.8 J 84 J 5.9 UJ 22 J 31 J 6.2 UJ 5.1 UJ
73.3 347.9 16.2 115.5 141.8 31.4 27.4

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

43 UJ 62 UJ 65 UJ 35 UJ 46 UJ 49 UJ 52
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 10 UJ 26 UJ 24 UJ 26 UJ 9.9 UJ 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
10 UJ 6 U 27 UJ 27 UJ 17 UJ 22 UJ 10 UJ

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

10/14/2004
O-M-2004HIJ-M-2004

10/15/2004
X-M-2004a

10/19/2004
K-M-2004

10/20/2004
N-M-2004

10/14/2004
L-M-2004

10/20/2004
M-M-2004
10/14/2004
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 5 of 9

Sample ID SQO
Sampling Date

Phenolics (Acids) in µg/kg
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol 29
2,4-Dinitrophenol
2-Chlorophenol
2-Methylphenol 63
2-Nitrophenol
4,6-Dinitro-2-Methylphenol
4-Chloro-3-Methylphenol
4-Methylphenol 670
4-Nitrophenol
Benzoic Acid 650
Benzyl Alcohol 73
Pentachlorophenol 360
Phenol 420

Misc. Extractables in µg/kg
1,2-Diphenylhydrazine
1-Methylnaphthalene
2,2'-Oxybis(1-Chloropropane)
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Nitroaniline
3,3'-Dichlorobenzidiene
3B-Coprostanol
3-Nitroaniline
4-Bromophenyl-Phenylether
4-Chloroaniline
4-Chlorophenyl-Phenylether
4-Nitroaniline
Aniline
Benzidine
Bis(2-Chloroethoxy)Methane

10/14/2004
O-M-2004HIJ-M-2004

10/15/2004
X-M-2004a

10/19/2004
K-M-2004

10/20/2004
N-M-2004

10/14/2004
L-M-2004

10/20/2004
M-M-2004
10/14/2004

5.3 UJ 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U
5.3 UJ 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

REJ REJ REJ REJ REJ REJ REJ
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

213 UJ 239 UJ 235 UJ 247 UJ 230 UJ 246 UJ 202 UJ
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 42 6.2 U 5.1 U
53 U 60 UJ 59 UJ 62 U 58 U 62 U 50 U

REJ REJ REJ REJ REJ REJ REJ
5.3 UJ 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U

REJ REJ REJ REJ REJ REJ REJ
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 7.8 5.9 U 3.5 J 1.6 J 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 UJ 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U

REJ REJ REJ REJ REJ REJ REJ
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
11 U 12 U 12 U 12 U 12 U 12 U 10 U

5.3 UJ 6 UJ 5.9 UJ 6.2 U 5.8 U 6.2 U 5.1 U
REJ REJ REJ REJ REJ REJ REJ

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 6 of 9

Sample ID SQO
Sampling Date

Bis(2-Chloroethyl)Ether
Caffeine
Carbazole
Dibenzofuran 540
Hexachlorobutadiene 11
Hexachlorocyclopentadiene
Hexachloroethane
Isophorone
Nitrobenzene
N-Nitrosodimethylamine
N-Nitroso-Di-N-Propylamine
N-Nitrosodiphenylamine 28
Pyridine
Retene

10/14/2004
O-M-2004HIJ-M-2004

10/15/2004
X-M-2004a

10/19/2004
K-M-2004

10/20/2004
N-M-2004

10/14/2004
L-M-2004

10/20/2004
M-M-2004
10/14/2004

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 UJ 5.8 UJ 6.2 UJ 5.1 UJ
5.3 U 6.9 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U

REJ REJ REJ REJ REJ 25 REJ REJ
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
11 U 12 U 12 U 12 U 12 U 12 U 10 U

5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
5.3 U 6 U 5.9 U 6.2 U 5.8 U 6.2 U 5.1 U
11 U 12 U 12 U 12 U 12 U 12 U 10 U
33 37 31 30 27 5.3 J 5.1 U
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 7 of 9

Sample ID SQO
Sampling Date

LPAHs in µg/kg
2-Methylnaphthalene 670
Acenaphthene 500
Acenaphthylene 1300
Anthracene 960
Fluorene 540
Naphthalene 2100
Phenanthrene 1500
Total LPAHs 5200

HPAHs in µg/kg
Benzo(a)anthracene 1600
Benzo(a)pyrene 1600
Benzo(ghi)perylene 720
Chrysene 2800
Dibenzo(a,h)anthracene 230
Fluoranthene 2500
Indeno(1,2,3-cd)pyrene 690
Pyrene 3300
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Total Benzofluoranthenes 3600
Total HPAHs 17000

Chlorinated Hydrocarbons in µg/kg
1,2,4-Trichlorobenzene 51
1,2-Dichlorobenzene 50
1,3-Dichlorobenzene 170
1,4-Dichlorobenzene 110
Hexachlorobenzene 22

Phthalates in µg/kg
Bis(2-Ethylhexyl)Phthalate 1300
Butylbenzylphthalate 900
Diethylphthalate 200
Dimethylphthalate 160
Di-N-Butylphthalate 1400
Di-N-Octyl Phthalate 6200

6.1 U 6 U 5.9 U 6.1 U 7.8
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 4.6 J 5 J
6.1 U 6 U 5.9 U 4.9 J 5.7 J
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 3.8 J 5.9 J 3.2 J 16 J
6.6 8.2 8.7 10 28
6.6 12 14.6 22.7 62.5

6.1 U 3.5 J 5.9 U 42 17
6.1 U 3.1 J 5.9 U 39 20
6.1 U 3.3 J 5.9 U 30 12
4.9 J 6.1 5.9 U 126 27
6.1 U 6 U 5.9 U 9.3 4 J
8.6 11 6.1 168 J 38
6.1 U 6 U 5.9 U 27 9.6
7.9 11 5.2 J 127 53
6.1 UJ 4.4 J 5.9 UJ 79 J 22 J
6.1 UJ 4.7 J 5.9 UJ 85 J 25 J
6.1 UJ 9.1 J 5.9 UJ 164 J 47 J

21.4 47.1 11.3 732.3 227.6

6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U

34 UJ 48 UJ 33 UJ 42 UJ 55 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
7.6 UJ 6.9 UJ 8 UJ 9.6 UJ 16 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
16 UJ 35 UJ 5.9 UJ 10 UJ 14 UJ

6.1 U 6 U 5.9 U 6.1 U 5.9 U

SMU 51b 

10/14/2004 10/14/2004 10/14/2004 10/14/2004 10/15/2004
P-M-2004 Q-M-2004 R-M-2004 S-M-2004 Y-M-2004b
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 8 of 9

Sample ID SQO
Sampling Date

Phenolics (Acids) in µg/kg
2,4,5-Trichlorophenol
2,4,6-Trichlorophenol
2,4-Dichlorophenol
2,4-Dimethylphenol 29
2,4-Dinitrophenol
2-Chlorophenol
2-Methylphenol 63
2-Nitrophenol
4,6-Dinitro-2-Methylphenol
4-Chloro-3-Methylphenol
4-Methylphenol 670
4-Nitrophenol
Benzoic Acid 650
Benzyl Alcohol 73
Pentachlorophenol 360
Phenol 420

Misc. Extractables in µg/kg
1,2-Diphenylhydrazine
1-Methylnaphthalene
2,2'-Oxybis(1-Chloropropane)
2,4-Dinitrotoluene
2,6-Dinitrotoluene
2-Chloronaphthalene
2-Nitroaniline
3,3'-Dichlorobenzidiene
3B-Coprostanol
3-Nitroaniline
4-Bromophenyl-Phenylether
4-Chloroaniline
4-Chlorophenyl-Phenylether
4-Nitroaniline
Aniline
Benzidine
Bis(2-Chloroethoxy)Methane

10/14/2004 10/14/2004 10/14/2004 10/14/2004 10/15/2004
P-M-2004 Q-M-2004 R-M-2004 S-M-2004 Y-M-2004b

6.1 U 6 U 5.9 U 6.1 U 5.9 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U

REJ REJ REJ REJ REJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U

243 UJ 240 UJ 237 UJ 245 UJ 238 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 4.4 J 5.9 U
61 U 60 U 59 U REJ 59 UJ

REJ REJ REJ REJ REJ
6.1 U 6 U 5.9 U 6.1 U 5.9 UJ

REJ REJ REJ REJ REJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U

6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 4.9 J
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U REJ 5.9 UJ

REJ REJ REJ REJ REJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U REJ 5.9 UJ
6.1 U 6 U 5.9 U 6.1 U 5.9 U
12 U 12 U 12 U 12 U 12 U

6.1 U 6 U 5.9 U 6.1 U 5.9 UJ
REJ REJ REJ REJ REJ

6.1 U 6 U 5.9 U 6.1 U 5.9 U
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Table 7 - Analytical Results for Year 0 Sediment Samples - Semivolatile Organic Compounds (SVOCs) Sheet 9 of 9

Sample ID SQO
Sampling Date

Bis(2-Chloroethyl)Ether
Caffeine
Carbazole
Dibenzofuran 540
Hexachlorobutadiene 11
Hexachlorocyclopentadiene
Hexachloroethane
Isophorone
Nitrobenzene
N-Nitrosodimethylamine
N-Nitroso-Di-N-Propylamine
N-Nitrosodiphenylamine 28
Pyridine
Retene

10/14/2004 10/14/2004 10/14/2004 10/14/2004 10/15/2004
P-M-2004 Q-M-2004 R-M-2004 S-M-2004 Y-M-2004b

6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 UJ 6 UJ 5.9 UJ 3 J 6.1 UJ
6.1 U 6 U 5.9 U 1.5 J 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U

REJ REJ REJ REJ REJ
6.1 U 6 U 5.9 U 6.1 UJ 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
12 U 12 U 12 U 12 U 12 U

6.1 U 6 U 5.9 U 6.1 U 5.9 U
6.1 U 6 U 5.9 U 6.1 U 5.9 U
12 U 12 U 12 U 12 U 12 U

6.1 U 3.3 J 5.9 U 6.1 U 30

Notes:
a Duplicate of sample B-2-M-2004.
b Duplicate sample located 20 feet east and 5 feet north of sample K-M-2004.
U = Not detected at reporting limit (RL) indicated.
J = Estimated value.
REJ - Rejected.
Blank indicates sample not analyzed or no SQO established for specific analyte.
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Site Plan
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Figure 3

Photograph Location Plan
Middle Waterway Problem Area C SMU 51a
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Figure 4

Post-Construction Bathymetry
SMU 51a and SMU 51b
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Figure 5

Long-Term Grade Monitoring Location Plan
Middle Waterway Problem Area C SMU 51a
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Figure 6

Year 0 Baseline Sediment Monitoring Sampling Grids
Middle Waterway Problem Area C SMU 51a
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Figure 7

Year 0 Baseline Sediment Monitoring Sampling Grids
Middle Waterway Problem Area C SMU 51b
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APPENDIX A 
POST-CONSTRUCTION PHOTOGRAPHS 
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Photograph 1 - SMU 51b thin-layer capping material (foreground) and 

adjacent tideflat beyond. 
 

 
Photograph 2 - SMU 51a surficial backfill and SMU 51b thin-layer capping 

material during post-construction sediment sampling. 
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Photograph 3 - Outfall discharge channel and goose exclusion structure for 

replanted upper intertidal area (May 23, 2005). Note smooth 
side slope profile of channel and greenish algal growth on 
tideflat. 

 

 
Photograph 4 - Brownish algal surface on tideflat during post-construction 

sediment sampling. 
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Photograph 5 - Abundant burrows from near-surface biological recruitment. 

Note fecal material. 
 

 
Photograph 6 - Additional surface burrows.  ßUp 
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Photograph 7 - Surface sediment sampling location S (SMU 51b). Note 

sharp transition between thin-layer capping material and 
darker, underlying native sediments. 

 

 
Photograph 8 - Minor erosion features along east side slope of outfall 

drainage channel. 
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Photograph 9 - Additional view of minor erosion features on drainage 

channel side slope. 
 

 
Photograph 10 - Minor erosion gully along east bank of outfall channel.  ßUp 
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Photograph 11 - Outfall channel and minor erosion gully on east bank of 

channel (May 23, 2005). 
 

 
Photograph 12 - Replanted upland restoration area and erosion gullies near 

head of outfall channel (February 22, 2005). 
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Photograph 13 - Bank erosion gullies near head of outfall channel (February 

22, 2005). 
 

 
Photograph 14 - Wave-eroded bank at edge of SMU 51a (February 22, 

2005). 
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Photograph 15 - Plants to be relocated along eroded SMU 51a bank 

(February 22, 2005). 
 

 
Photograph 16 - Restored bank area with jute mat protection (May 23, 2005). 
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Photograph 17 - Restored bank area with jute mat protection (May 23, 2005). 
 

 
Photograph 18 - Lodged log in Outfall No. 200 at south end of SMU 51a. 
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Photograph 19 - Spring growth in upland planting area. 
 

 
Photograph 20 - Spring growth in upland planting area. 
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Photograph 21 - View of goose exclusion structure along replanted upper 

intertidal area. 
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APPENDIX B 
LABORATORY ANALYTICAL DOCUMENTATION 
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