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1.0 INTRODUCTION 
 
1.1 Purpose and Objectives of Operations, Maintenance, and Monitoring Plan Activities  
 
This document presents a summary of baseline operations, maintenance, and monitoring 
activities performed for the Thea Foss and Wheeler-Osgood Waterways Remediation Project 
(Foss Project).  Operations, maintenance, and monitoring activities were performed for remedial 
action and habitat areas within the Foss Project site (Figure 1-1).  The work was performed in 
accordance with the Operations, Maintenance, and Monitoring Plan (OMMP) for the Thea Foss 
and Wheeler-Osgood Waterways Remediation Project (City of Tacoma 2006).  Remediation 
construction was completed in 2006 by the City of Tacoma (City) under a Consent Decree (CD) 
issued by the U.S. Environmental Protection Agency (EPA).   
 
The OMMP describes the baseline and long-term qualitative, physical, and chemical monitoring 
to be completed at the site and sets forth specific performance standards for planned monitoring 
activities to demonstrate that the long-term objectives for the project are met.  The OMMP also 
details the process for contingency planning and presents possible response actions in the 
event that performance standards are not achieved. 
 
Figure 1-2 shows the remedial actions completed by the City in the Thea Foss and Wheeler-
Osgood Waterways.  The area in which the City performed remedial actions as part of the Foss 
Project is identified as the City’s work area.  Also identified on Figure 1-2 is the Utilities’ work 
area at the head of the Thea Foss Waterway.  In this area, monitoring will be performed by the 
Utilities in accordance with the Head of the Thea Foss Waterway Remediation Project, 
Operations, Maintenance and Monitoring Plan (PacifiCorp 2003).  The City will work 
cooperatively with the Utilities work group as needed to respond to any incidences of 
recontamination. 
 
The OMMP was prepared in compliance with the Record of Decision (ROD) (EPA 1989), 
Administrative Order on Consent (AOC) / Statement of Work (SOW) (EPA 1994)for pre-
remedial design investigation and remedial design, Explanation of Significant Difference (ESD) 
(EPA 1997), 2000 ESD, 2004 ESD, and the CD/SOW (EPA 2003) for remediation construction.  
The work completed in accordance with the OMMP is also in compliance with these documents.   
 
The OMMP establishes an integrated program designed to evaluate and ensure the 
effectiveness of the remedial actions relative to the project Remedial Action Objectives (RAO).  
Work being performed under the OMMP is intended to ensure that the completed remedial 
actions performed at the site achieve the performance objectives as specified in the ROD and 
subsequent ESDs as related to the protection of surface sediment, surface water, and biological 
and physical habitat quality. 
 
The RAO for the cleanup is stated in the ROD as: 
 

 The objective of the selected remedy is to achieve acceptable sediment quality in a 
reasonable timeframe. 

 
Additional language in the ROD states that the remedy was designed to incorporate the 
following: 
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 Natural recovery considerations are used to identify sediment remedial action levels that 
delineate sediments that are allowed to recover naturally from those that require active 
sediment cleanup; 

 The sediment quality objective also applies to source control requirements.  Monitoring 
sources and sediments will be used to determine the effectiveness of source controls; 
and 

 Habitat function and enhancement of fisheries resources will also be incorporated as 
part of the overall project cleanup objectives. 

 
The OMMP was developed and results will be evaluated to ensure that the RAOs for the site 
are achieved.   
 
1.2 Scope of the Baseline Operations, Maintenance, and Monitoring Report 
 
The monitoring tasks and information comprising Baseline Year 0 and included in this report are 
the following: 
 

 Cap integrity monitoring through low tide slope cap inspections and post-construction 
hydrographic surveys of capped areas to ensure that constructed caps remain intact; 

 Subtidal hydrographic survey of capped areas performed as part of construction 
verification; 

 Cap area chemical performance monitoring through post-construction collection and 
analysis of surface samples to verify compliance with performance criteria; 

 Natural recovery and enhanced natural recovery area monitoring through collection and 
analysis of post-construction and supplemental natural recovery area samples to provide 
the baseline for evaluating progress toward natural recovery; 

 Determination of the hydrogeologic conditions at the St. Paul Waterway Confined 
Disposal Facility (CDF) and identification of groundwater wells to be used to establish 
baseline conditions for the site;  

 Habitat mitigation area monitoring performed in 2006; and 

 Status of additional project related tasks that include the following: 

o Implementation of tasks required under the Institutional Controls Plan (ICP);  
o Ongoing stormwater source control activities; 
o Response to recontamination in the head of the Thea Foss Waterway work area; 
o Initiation of deauthorization of the navigational channel in encroachment areas; 
o Tracking of Simpson Log Haul Out Facility (LHOF) operations, maintenance, and 

monitoring; and 
o Tracking of Tacoma Metals management of waste material in the Temporary 

Containment Unit (TCU). 
 
Table 1-1 summarizes the overall monitoring schedule for OMMP activities to be performed.   
  
1.3 Organization of the Baseline OMMP Report 
 
For each monitoring year, an Annual Operations, Maintenance, and Monitoring Report (Annual 
Report) will be prepared presenting the final, comprehensive information and data for monitoring 
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activities completed in the previous year.  The Annual Report will also document any decisions 
and/or contingency actions, planned or implemented. 
 
The structure of the Annual Report for Year 0 Baseline Monitoring, and subsequent Annual 
Reports, follows the outline of the OMMP to provide a consistent presentation and placement of 
information generated to monitor remedial actions performed as part of the Foss Project. 
 
The following topics are presented in the Annual Report: 
 

 Section 1.0 – Introduction; 

 Section 2.0 – Sediment Remediation Area Performance Monitoring; 

 Section 3.0 – Early Warning Monitoring for Recontamination; 

 Section 4.0 – Benthic Recolonization Monitoring; 

 Section 5.0 – Confined Disposal Facility Monitoring;  

 Section 6.0 – Habitat Mitigation Area Monitoring; and 

 Section 7.0 – Additional Project Related Activities. 
 
The Annual Report also includes the following appendices: 
 

 Appendix A – Physical Cap Integrity Monitoring 

 Appendix B – Sediment and Cap Performance Monitoring 

 Appendix C – Benthic Recolonization Monitoring  

 Appendix D – Confined Disposal Facility Monitoring  

 Appendix E – Habitat Mitigation Area Monitoring  

 Appendix F – Health and Safety Plan 

 Appendix G – Additional Project Related Activities 
 
During monitoring years when any of these tasks are not required, placeholders will be 
maintained in the report so that information for a specific activity will consistently be in a specific 
section.  For example, Habitat Mitigation Area Monitoring will consistently be found in Section 
6.0 and Appendix E of the Annual Reports. 
 
 
 
TABLES 
 
1-1 – Monitoring Schedule 
 
 
FIGURES 
 
1-1 – Project Location Map 

1-2 – Completed Remedial Actions 
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1) Sediment Remediation Area Performance Monitoring 
Supplemental Data Collection for Natural Recovery Area 
Sediment Quality 

X           

Sediment Quality (0 to 10 cm) Performance Monitoring of 
Cap and Natural Recovery Areas 

  X  X   X   X 

Low Tide Slope Cap Inspection for Cap Integrity X  X  X   X   X 
Subtidal Cap Hydrographic Survey for Cap Integrity   X  X   X   X 
2) Early Warning Monitoring for Recontamination  
Sediment Quality (0 to 2 cm) Monitoring   X  X   X   X 
3) Benthic Recolonization Monitoring  
Sediment Profile Imaging and Archive Sediment Sample (0 
to 10 cm) Collection  

  X  X   X   X 

4) Confined Disposal Facility Monitoring 
72-Hour Tidal Study and Slug Tests X           
Baseline Monitoring  4  Q 4 Q         
Performance Monitoring    TBD TBD TBD TBD TBD TBD TBD TBD
5) Habitat Mitigation Area Monitoring 
Qualitative Ground Surveys X X X X X X X X X X X 
Quantitative Vegetation Surveys   X X  X   X   X 
Photo Documentation X X X  X   X   X 
Elevation Monitoring1, 2 X X X X  X  X   X 
Brackish Marsh Salinity Monitoring X X          
Juvenile Salmonid Monitoring  X  X        
Invertebrate Monitoring  X  X        
Water Surface Elevation Monitoring X   X  X  X   X 
Notes: 4 Q Four quarters. 

 TBD To be determined. 
 1 The vertical datum used during the construction phase of the project was MLLW.  Due to the length of the OMMP monitoring period and the fact that MLLW changes 

over time, the vertical datum to be used during this phase has been designated as NGVD 29. 
 2 Survey transects of the channels at Hylebos Creek will be performed annually while monitoring of elevation stakes at other locations will be performed on the 

schedule shown. 
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NOTES
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2.0 SEDIMENT REMEDIATION AREA PERFORMANCE MONITORING 
 
2.1 Introduction  
 
Sediment remediation area performance monitoring is designed to achieve the following 
objectives: 
 

 Ensure sediment caps provide effective containment, both physically and chemically, of 
contaminated underlying sediments, and provide a substrate that promotes colonization 
by aquatic organisms; and 

 Confirm that within natural recovery areas chemical concentrations will attenuate to 
below Sediment Quality Objectives (SQO) within the 0 to 10 cm compliance interval 
within 10 years of completion of remediation construction (i.e., by 2016). 

 
Performance monitoring tasks completed as part of Year 0 Baseline Monitoring to evaluate 
compliance with the project objectives include the following: 
 

 Performing low tide slope cap inspections to establish baseline conditions for the 
intertidal portions of the slope caps and to identify areas needing maintenance;  

 Compiling the post-construction hydrographic survey data to serve as the baseline for 
the subtidal cap integrity conditions;   

 Compiling existing construction verification surface sample data collected from final cap 
surfaces and within natural recovery areas to serve as the baseline conditions; and 

 Conducting supplemental surface sampling within natural recovery and enhanced 
natural recovery areas.  Supplemental sampling data will be combined with construction 
verification data to establish a comprehensive natural recovery baseline. 

 
The following sections discuss the results of baseline sediment remediation area performance 
monitoring tasks. 
 
2.2 Cap Area Performance Monitoring 
 
The purpose of cap area performance monitoring is to verify cap integrity and performance 
(through effective containment of the underlying contaminated sediments).  The cap 
performance monitoring program is designed to detect and evaluate long-term changes in cap 
thickness, and surface sediment quality to ensure compliance with performance criteria.  Cap 
area performance monitoring includes cap integrity monitoring and cap area chemical 
performance monitoring.  
 
2.2.1 Cap Integrity Monitoring 
 
Cap integrity monitoring consists of low tide slope cap inspections and hydrographic surveys 
and is designed to verify the physical integrity of caps constructed as part of the Thea Foss and 
Wheeler-Osgood Waterways Remediation Project (Foss Project).  Low tide inspections of slope 
caps ensure that the intertidal portions of slope caps are intact and that underlying 
contaminated materials are contained or identify areas needing maintenance if disturbances of 
the slope caps are present.  Hydrographic surveys of capped areas detect and evaluate long-
term changes in cap thickness to ensure compliance with performance criteria and confirm that 
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underlying contaminated materials are contained.  As described in Section 2.0 of the 
Operations, Maintenance, and Monitoring Plan for the Thea Foss and Wheeler-Osgood 
Waterways Remediation Project (OMMP) (City of Tacoma 2006), cap integrity performance 
monitoring is separated into baseline (Year 0) and long-term (Years 2, 4, 7, and 10) 
performance monitoring.   
 
2.2.1.1 Baseline Low Tide Slope Cap Inspections 
 
Baseline performance monitoring to evaluate the physical integrity of intertidal slope cap areas 
consisted of performing low tide inspections of the slope caps in Remedial Area (RA) 1, RA 3, 
RA 8, RA 14, RA 19A, RA 19B, and RA 20 during Year 0.  Additionally, baseline monitoring 
included a low tide cap inspection of the Sheen Source Removal Area located in the Wheeler-
Osgood Waterway in accordance with the OMMP.  The results of low tide slope cap monitoring 
were presented in the Year 0 Baseline Monitoring, Low Tide Slope Cap Inspection Preliminary 
Findings Memorandum (City of Tacoma 2006).   
 
The results of the low tide slope cap inspection are presented below to characterize the 
baseline conditions for the intertidal portions of capped areas and identify areas needing 
maintenance.  The outcome of the Year 0 low tide slope cap inspection provides the baseline 
for evaluating the results of subsequent, long-term monitoring.  The results of subsequent low 
tide slope cap inspections will be evaluated to identify whether the intertidal portions of slope 
caps remain intact, that coverage has been maintained, and that underlying contaminated 
material is contained.  
 
Summary of Field Activities  
 
Baseline low tide slope cap inspections were completed between July 2006 and October 2006.  
Initial inspections were performed on July 10-12, 2006, in RA 1, RA 3, RA 8, RA 14, RA 19A, 
RA 19B, and RA 20.  Supplemental inspections were performed in select areas on August 9, 
2006, to delineate areas of cap disturbance and take additional photographs for several 
monitoring intervals where photographs did not turn out (i.e., were too dark) or did not provide 
adequate coverage of specific areas.  A low tide slope cap inspection was also performed in the 
Sheen Source Removal Area on October 3, 2006.  The requirement for low tide inspection of 
the Sheen Source Removal Area was added to monitoring activities during finalization of the 
OMMP in September 2006.  
 
Baseline low tide slope cap inspections were performed on the exposed shoreline portion of 
slope caps and the Sheen Source Removal Area when tidal elevations were at or below 0.0 feet 
Mean Lower Low Water (MLLW).  Standardized field forms and photographs were used to 
document observations of slope caps at approximate 100-foot monitoring intervals along the 
designated shoreline areas.  The inspections documented the following observations; 
 

 Slope cap surface characteristics (i.e., rip rap, quarry spalls, habitat mix, etc.); 

 Area of slope cap coverage; 

 Presence/absence of habitat mix; 

 Any areas of exposed sediment due to washout of the slope cap; 

 Any areas of sediment accretion; 

 Evidence of groundwater seepage; 
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 Any apparent loss of slope cap material;  

 Any apparent down-slope movement of cap materials; 

 Presence of debris on the cap surface;  

 Indicators of potential contamination (i.e., sheen or staining) within the surface sediment; 
and 

 Verification that grout mat slope cap areas are effectively containing the underlying 
contaminated sediments. 

 
Figure 2-1 presents the monitoring interval locations for low tide slope cap inspections. 
 
Baseline low tide slope cap inspections were performed in accordance with the Physical Cap 
Integrity Operations Manual presented in the OMMP.   
 
Summary of Preliminary Findings 
 
This section presents a summary of the results of baseline low tide slope cap inspections in the 
Thea Foss and Wheeler-Osgood Waterways and identifies slope areas requiring maintenance.  
The detailed results of the baseline low tide slope cap inspections, including field forms and 
photographs for each inspection interval, are presented in the Year 0 Baseline Monitoring, Low 
Tide Slope Cap Inspection Preliminary Findings Memorandum (City of Tacoma 2006) provided 
in Attachment A-1 in Appendix A.  A summary of the findings from the low tide slope cap 
inspection includes the following: 
 

 No disturbances to the cap were identified upon inspection of the five intervals in RA 1, 
six intervals in RA 14, eight intervals in RA 19B, and the one interval in the Sheen 
Source Removal Area; 

 No disturbances to the cap were identified in two of four monitoring intervals in RA 3.  
Two areas are present in monitoring intervals 2 and 3 of RA 3 where geotextile or metal 
and foundry slag material are present at the surface of the capped area.  The two areas 
3 have been identified as slope areas requiring maintenance (Table 2-1 and Figure 2-2).  
Photographs of the areas 3 where geotextile or slag material is present at the cap 
surface are presented in Attachment B of the Low Tide Slope Cap Inspection Preliminary 
Findings Memorandum.  

 No disturbances to the cap were identified upon inspection of 15 of 17 monitoring 
intervals in RA 8.  Two areas are present in monitoring intervals 14 and 16 of RA 8 
where piling or debris is present at the surface of the capped area.  Photographs of the 
areas in RA 8 where piling or debris is at the cap surface are presented in Attachment B 
of the Low Tide Slope Cap Inspection Preliminary Findings Memorandum.  The areas 
are identified as slope areas requiring maintenance (Table 2-1 and Figure 2-2). 

 No disturbances were identified upon inspection of 10 of 11 monitoring intervals in RA 
19A.  Two depressions are present at the surface of the shoreline in monitoring interval 
2 and the adjacent habitat enhancement area.  The depressions will be monitored as 
part of subsequent low tide slope cap inspections to identify whether changes are 
occurring in the cap surface.  A piling is present at the surface of the existing, adjacent 
habitat enhancement area.  Photographs of the piling protruding above the habitat 
surface are presented in Attachment B of the Low Tide Slope Cap Inspection Preliminary 
Findings Memorandum.  Although the piling is not present within a capped area, it has 
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been identified to be included in maintenance activities to be performed for slope cap 
areas in the Thea Foss Waterway (Table 2-1 and Figure 2-2).  

 No disturbances were identified upon inspection of 9 of 10 monitoring intervals in RA 20.  
A piling is present at the surface of the slope cap in monitoring interval 9 and has been 
identified as a slope area requiring maintenance (Table 2-1 and Figure 2-2).  
Photographs of the piling at the cap surface in RA 20 are presented in Attachment B of 
the Low Tide Slope Cap Inspection Preliminary Findings Memorandum.   

 A thin layer of sediment accretion and/or fines from capping material was present on 
relatively flat, enclosed portions of the slope cap areas at elevations generally below 5.0 
feet MLLW.  This is to be anticipated, and no action is necessary as a result of the 
presence of sediment accretion and/or fines on slope caps.  Cap area chemical 
performance monitoring which includes collection and analysis of samples from slope 
cap areas will be performed in Year 2 in accordance with the OMMP to evaluate 
chemical concentrations and compliance with performance criteria. 

 
Subsequent to performance of the low tide slope cap integrity monitoring, an inspection of 
stormwater outfalls in the Thea Foss and Wheeler-Osgood Waterways was performed on 
January 2, 2007, as part of stormwater source control activities.  The inspection included 
outfalls in slope cap areas of the Thea Foss Waterway.   
 
During outfall inspections, fabric was observed to be present at the surface of the capped area 
south and adjacent to Outfall 230.  Additionally, the armoring of the outfall apron appeared to 
have settled or moved down slope.  The fabric and apparent settlement of outfall apron 
armoring were not observed during the low tide slope cap inspection of monitoring interval 2 in 
RA 8 (i.e., the location of Outfall 230) performed in July 2006 (Figure 2-1).  Source control staff 
informed the Foss O&M team of this issue. 
 
A supplemental low tide inspection was performed by the Foss O&M team at Outfall 230 on 
January 17, 2007, to further evaluate the integrity of the slope cap and outfall apron.  The fabric 
blanket was observed at the slope cap surface during the supplemental inspection.  Additionally, 
concrete debris was observed at the slope cap surface up to 12 feet south of Outfall 230.  The 
armoring for the apron in front of Outfall 230 also appeared to have settled or moved down 
slope.  The field notes and photographs from the supplemental inspection of Outfall 230 are 
provided in Attachment A-3 in Appendix A.  Table 2-1 and Figure 2-2 include this slope area as 
an area requiring maintenance.   
 
Slope Area Maintenance Plan 
 
As described above, specific areas needing maintenance have been identified based on the 
results of low tide inspections.  A Slope Area Maintenance Plan has been prepared to present 
the objectives and procedures for performing all maintenance of remedial actions constructed 
on shoreline slopes.  The Slope Area Maintenance Plan is provided in Attachment A-2 of 
Appendix A. 
 
A total of seven shoreline slope areas in RA 3, RA 8, RA 20, and the existing habitat adjacent to 
RA 19A have been identified for maintenance based on results of the low tide slope cap 
inspections.  The shoreline slope areas and the reasons for the performance of maintenance 
are summarized in Table 2-1.  The general location (i.e., monitoring interval in which a cap 
disturbance is located) of areas requiring maintenance are shown on Figure 2-2.   
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Maintenance activities will be performed by the City or a City contractor in accordance with the 
objectives and procedures described in the Slope Area Maintenance Plan.  The scope of the 
plan includes activities to maintain shoreline slope areas where remedial construction was 
performed as part of the Foss Project.     

 
2.2.1.2 Baseline Hydrographic Surveys of Capped Areas 
 
Baseline performance monitoring to evaluate the physical integrity of subtidal cap areas 
includes compiling the post-construction hydrographic survey data to serve as the baseline for 
the subtidal cap integrity conditions.  Post-construction hydrographic surveys were conducted 
upon the completion of the placement of caps in RA 1, RA 3, RA 6, RA 7A, RA 8, RA 9, RA 14, 
RA 16, RA 17, RA 18, RA 19A, RA 19B, RA 20, RA 21, and RA 22 as part of construction 
verification procedures.  The results of construction verification surveys are presented in the 
Remedial Action Construction Reports (RACR) for the Thea Foss and Wheeler-Osgood 
Waterways Remediation Project (City of Tacoma 2003 and 2006).  The results of the post-
construction hydrographic surveys are presented below to characterize the baseline conditions 
for capped areas. 
 
The results of post-construction subtidal hydrographic surveys characterize baseline cap area 
conditions and provide a basis for evaluating the results of subsequent, long-term (Years 2, 4, 7, 
and 10) cap integrity performance monitoring of subtidal capped areas.  Hydrographic surveys 
will be performed in subtidal slope, grout mat, and channel sand cap areas to evaluate changes 
(scour/erosion, deposition, or settlement) in cap thickness as indicated by changes in elevation 
over time.  The performance criteria for baseline cap integrity monitoring in capped areas is 
maintenance of a minimum cap thickness of three feet, as per the Record of Decision (ROD) 
(EPA 1989).  A loss of six inches or more of cap thickness as determined from the cap integrity 
hydrographic surveys will trigger evaluation of potential response actions.  
 
Summary of Field Activities  
 
Multibeam hydrographic surveys were completed in capped areas following the completion of 
remedial actions.  The surveys were performed in accordance with the Construction Quality 
Assurance Plan for the Thea Foss and Wheeler-Osgood Waterways Remediation Project 
(CQAP) (City of Tacoma 2002).   
 
The documentation from post-construction hydrographic surveys are presented in the RACRs 
for the Foss Project.  Table 2-2 summarizes the timing of completion of cap construction in each 
RA and the post-construction hydrographic survey events for capped areas.  The type of cap 
constructed in each area and timing of cap construction and survey events are also discussed in 
the following section. 
 
Summary of Hydrographic Surveys 
 
This section summarizes baseline cap area hydrographic surveys completed in RA 1, RA 3, RA 
6, RA 7A, RA 8, RA 9, RA 14, RA 16, RA 17, RA 18, RA 19A, RA 19B, RA 20, RA 21, and RA 
22 in the Thea Foss and Wheeler-Osgood Waterways.  Cap construction performed in each RA 
is summarized in the following sections and the baseline bathymetry for surveys completed in 
capped areas is presented in Figures 2-3 through 2-12.  Remedial actions performed in each 
RA are described in more detail in the RACRs (City of Tacoma 2003 and 2006). 
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Remedial Area 1 – RA 1 is located on the west side of the mouth of the Thea Foss Waterway 
between approximate Stations 02+00 and 07+00 (Figure 2-3).  A thick slope cap was 
constructed on the shoreline slope in RA 1 from the base or toe of the slope up to the base of 
an existing rip rap slope.  The eastern portion of RA 1, adjacent to the base of the shoreline 
slope cap, was capped with channel sand cap material.  Cap construction in RA 1 was 
completed on February 14, 2003.  The post-construction hydrographic survey was completed on 
February 20, 2003.  Figure 2-4 presents the post-construction bathymetric conditions in RA 1.  
 
Remedial Area 3 – RA 3 is located north of the 11th Street Bridge, on the east side of the Thea 
Foss Waterway between approximate Stations 27+00 and 31+00 (Figure 2-3).  A thick slope 
cap and grout mat cap were constructed on the shoreline slope in RA 3 from the base of the 
slope to the top of the bank.  The western portion of RA 3, adjacent to the base of the shoreline 
slope cap and grout mat cap, was capped with channel sand cap material.  Cap construction in 
RA 3 was completed on February 7, 2003.  The post-construction hydrographic survey was 
completed on February 19, 2003.  Figure 2-5 presents the post-construction bathymetric 
conditions in RA 3.  
 
Remedial Area 5 –RA 5 is comprised of the eastern portion of the Thea Foss Waterway 
navigation channel from approximate Station 52+34 on its southern boundary to Station 34+91 
on the north (Figure 2-3).  A thick slope cap was constructed from the base of the shoreline 
slope to the base of the existing dock structure (i.e., the dock at Petrich Marine).  Cap 
construction in RA 5 was completed on October 27, 2005.  The post-construction hydrographic 
survey was performed on December 22, 2005.  Figure 2-6 presents the post-construction 
bathymetric conditions in RA 5. 
 
Remedial Area 6 – RA 6 is comprised of the channel area between approximate Station 34+90 
(approximately the center of the 11th Street Bridge) on the north and Station 52+34 on the south 
(Figure 2-3).  A cap comprised of channel sand cap material was placed in the southwestern 
portion of RA 6, at the base of the shoreline slope, between approximate Stations 48+75 and 
50+80 .  Cap construction in RA 6 was completed on January 21, 2006.  Post-construction 
hydrographic surveys were performed on December 22, 2005 and February 12, 2006.  Figure 2-
7 presents the post-construction bathymetric conditions in the capped area of RA 6.  
 
Remedial Area 7A – RA 7A is within the harbor area located along the western portion of the 
Thea Foss Waterway (Figure 2-3) beneath the Foss Waterway Marina.  A cap comprised of 
channel sand cap material was placed in RA 7A, at the base of the shoreline slope, between 
approximate Stations 38+75 and 39+25.  Cap construction in RA 7A was completed on 
November  11, 2005.  The post-construction hydrographic survey was performed on December 
21, 2005 and February 12, 2006.  Figure 2-8 presents the post-construction bathymetric 
conditions in RA 7A. 
 
Remedial Area 8 –RA 8 is comprised of the western shoreline of the Thea Foss Waterway from 
approximate Station 52+34 on its southern boundary to Station 34+91 on the north (Figure 2-3).  
Thick slope and quarry spall caps were constructed from the base of the shoreline slope to the 
top of the bank or up to the base of existing structures (i.e., the sheet pile wall at Johnny’s 
Seafood, waterward face of Colonial Fruit, Esplanade at the Foss Waterway Marina, etc.).  Cap 
construction in RA 8 was completed on December 7, 2005.  Post-construction hydrographic 
surveys were performed on December 21-22, 2005 and February 12, 2006.  Figures 2-7 and 2-
8 present the post-construction bathymetric conditions in RA 8.  
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Remedial Area 9 – RA 9 is located at the mouth of the Wheeler-Osgood Waterway between 
Stations 5+00 and 10+00 (Figure 2-3).  RA 9 was capped with channel sand cap material as 
part of remedial activities.  Cap construction in RA 9 was completed on November 10, 2005.  
Post-construction hydrographic surveys were performed on December 22, 2005 and February 
12, 2006.  Figure 2-9 presents the post-construction bathymetric conditions in RA 9.  
 
Remedial Area 14 – RA 14 is located on the east side of the Thea Foss Waterway under and 
adjacent to the J.M. Martinac Shipbuilding facility (Figure 2-3).  Thick slope and quarry spall 
caps were constructed from the base of the shoreline slope up to the base of existing structures 
(i.e., bulkheads and shipways).  Cap construction in RA 14 was completed on January 4, 2006.  
Post-construction hydrographic surveys were performed on December 22, 2005 and February 
12, 2006.  Figure 2-10 presents the post-construction bathymetric conditions in RA 14. 
 
Remedial Area 16 – RA 16 is a harbor area located on the east side of the Thea Foss 
Waterway between approximate Stations 52+50 and 62+50 (Figure 2-3) beneath Delin Docks.  
Two areas within RA 16 were capped as part of remedial construction.  The northern portion of 
RA 16 from approximate Stations 52+50 to 55+25 and the central portion of RA 16 from 
Stations 57+00 to 58+85 were capped with channel sand cap material.  Capping of the northern 
and central portions of RA 16 were completed on October 19, 2005.  The post-construction 
hydrographic survey was completed on December 22, 2005.  Figure 2-11 presents the post-
construction bathymetric conditions in the capped areas of RA 16.  
 
Remedial Area 17 – RA 17 is located within the channel of the Thea Foss Waterway between 
approximate Stations 52+35 and 58+85 (Figure 2-3).  The southern portion of RA 17 between 
Stations 54+85 and 58+85 was capped with channel sand cap material.  Cap construction in RA 
17 was completed on February 4, 2006.  Post-construction hydrographic surveys were 
performed on December 22, 2005 and February 12, 2006.  Figure 2-11 presents the post-
construction bathymetric conditions in the capped area of RA 17. 
 
Remedial Area 18 – RA 18 is located within the channel of the Thea Foss Waterway between 
approximate Stations 58+85 and 62+40 (Figure 2-3).  RA 18 was capped with channel sand cap 
material as part of remedial activities.  Cap construction in RA 18 was completed on January 20, 
2006.  Post-construction hydrographic surveys were performed on December 21-22, 2005 and 
February 12, 2006.  Figure 2-11 presents the post-construction bathymetric conditions in RA 18. 
 
Remedial Area 19A – RA 19A is comprised of the harbor area located on the southwestern 
shoreline of the Thea Foss Waterway between approximate Stations 52+50 and 68+00 (Figure 
2-3) beneath the Dock Street Marina.  A thick slope cap was constructed in the northern portion 
of RA 19A from the base of the shoreline slope to the base of an existing habitat area.  Channel 
sand cap material was placed in RA 19A from the base of the shoreline slope to the channel 
line.  The channel sand cap was constructed over the grout mat cap placed in the southern 
portion of RA 19A.  Construction of the grout mat, thick slope, and channel sand caps in RA 19A 
was performed in 2004.  Additional channel sand cap material was also placed in the southern 
portion of RA 19A between approximate Stations 66+40 and 70+10 in 2005.  Cap construction 
was completed in RA 19A on December 17, 2005.  Post-construction hydrographic surveys 
were performed on December 21-22, 2005 and February 12, 2006.  Figures 2-11 and 2-12 
present the post-construction bathymetric conditions in RA 19A. 
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Remedial Area 19B – RA 19B is comprised of the harbor area on the southwestern shoreline of 
the Thea Foss Waterway between approximate Stations 62+20 and 70+10 (Figure 2-3) beneath 
the Dock Street Marina.  A thick slope cap was constructed in RA 19B from the base of the 
shoreline slope to the top of the bank or to the base of existing structures (i.e., sheet pile walls).  
Channel sand cap material was placed in RA 19B from the base of the shoreline slope to the 
channel line.  The slope cap and channel sand cap were constructed over the grout mat cap 
placed in RA 19B.  Construction of the grout mat, thick slope, and channel sand caps in RA 19B 
was performed in 2004.  Additional channel sand cap material was also placed in RA 19B in 
2005.  Cap construction in RA 19B was completed on December 17, 2005.  Post-construction 
hydrographic surveys were performed on December 21-22, 2005.  Figure 2-12 presents the 
post-construction bathymetric conditions in RA 19B.  
 
Remedial Area 20 – RA 20 is comprised of the harbor area located on the southeastern 
shoreline of the Thea Foss Waterway between approximate Stations 62+50 and 70+10 (Figure 
2-3) beneath the Johnny’s Dock Marina.  Thick slope caps were constructed in RA 20 from the 
base of the shoreline slope to the top of the bank or to the base of existing structures (i.e., sheet 
pile walls and waterward face of Johnny’s Seafood Restaurant).  Channel sand cap material 
was placed in RA 20 from the base of the shoreline slope to the channel line.  Cap construction 
in RA 20 was completed on January 18, 2006.  Post-construction hydrographic surveys were 
performed on December 22, 2005 and February 12, 2006.  Figure 2-12 presents the post-
construction bathymetric conditions in RA 20.  
 
Remedial Area 21 – RA 21 is located within the channel of the Thea Foss Waterway between 
approximate Stations 62+40 and 68+00 (Figure 2-3).  All of RA 21 was capped with channel 
sand cap material as part of remedial activities.  Cap construction in RA 21 was completed on 
January 13, 2006.  Post-construction hydrographic surveys were performed on December 21-
22, 2005 and February 12, 2006. Figure 2-12 presents the post-construction bathymetric 
conditions in RA 21. 
 
Remedial Area 22 – RA 22 is located within the channel of the Thea Foss Waterway at the 
southern end of the site between Stations 68+00 and 70+10 (Figure 2-3).  All of RA 22 was 
capped with channel sand cap material as part of remedial activities.  Cap construction in RA 22 
was completed on December 17, 2005.  Post-construction hydrographic surveys were 
performed on December 21-22, 2005.  Figure 2-12 presents the post-construction bathymetric 
conditions in RA 22. 
 
2.2.1.3 Schedule of Cap Integrity Monitoring 
 
No additional low tide inspections or hydrographic surveys are required to characterize baseline 
conditions in capped areas.  Cap integrity monitoring is scheduled to occur in 2008 as part of 
Year 2 cap area performance monitoring.  The schedule for OMMP activities to be performed as 
part of the Foss Project is presented in Table 1-1.  The scope of cap integrity monitoring, 
including low tide inspections and hydrographic surveys, to be conducted in Year 2 is described 
in the OMMP. 
 
2.2.2 Cap Area Chemical Performance Monitoring 
 
Cap area chemical performance monitoring is designed to evaluate the long-term effectiveness 
of caps constructed as part of the Foss Project.  Chemical performance monitoring activities 
consist of collection and analysis of surface samples (0 to 10 cm) from constructed caps to 
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verify compliance with cleanup criteria and confirm that underlying contaminated materials are 
contained.  As described in Section 2.0 of the OMMP, cap performance monitoring is separated 
into baseline (Year 0) and long-term (Years 2, 4, 7, and 10) performance monitoring.   
 
Baseline cap area chemical performance monitoring consists of compiling existing construction 
verification data for samples collected from the final surface of areas capped with channel sand 
cap material.  Surface samples (0 to 10 cm) were collected and analyzed upon the completion 
of the placement of channel sand cap material in RA 1, RA 6, RA 9, RA 16, RA 17, RA 18, RA 
19A, RA 19B, RA 20, RA 21, and RA 22 as part of construction verification procedures.  The 
results of construction verification sampling and analysis are presented in the RACRs and are 
presented below to characterize the baseline conditions for areas capped with channel sand 
cap material. 
 
Summary of Field Activities  
 
Construction verification samples were collected from the surface (0 to 10 cm) of channel sand 
capped areas following the completion of remedial actions.  The surface samples were collected 
at approximate 150-foot intervals within each RA.  Figure 2-13 identifies the cap area 
construction verification sample locations.  The samples were collected and analyzed in 
accordance with the EPA-approved Quality Assurance Project Plan and Sediment Verification 
Plan (Lloyd & Associates, Inc. 2003) developed for the 2002-2003 Thea Foss and Wheeler-
Osgood Waterways Remediation Project, and the Sediment Verification Quality Assurance 
Project Plan for the Thea Foss and Wheeler-Osgood Waterways Remediation Project 
(Parametrix 2003) developed for remedial activities performed between 2003 and 2006.   
 
Samples of areas capped with channel sand cap material were collected using a vessel 
deployed grab sampler (i.e., Van Veen or Eikman surface sampler) or by a diver.  Field forms 
were completed and photographs taken to document observations during each sampling event.  
The samples were submitted to the laboratory under approved sample handling and chain-of-
custody procedures for the following analyses:  
 

 Semivolatile organic compounds (SVOCs); 

 Polychlorinated biphenyls (PCBs); 

 Pesticides (i.e., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT); 

 Metals (i.e., mercury, lead, zinc, and copper); 

 Total organic carbon (TOC); and  

 Total solids. 
 
Documentation of field sampling activities and sample analyses performed are presented in 
construction correspondence memorandums and reports submitted as part of the remedial 
actions.  Table 2-3 identifies each construction verification sampling event and associated 
construction memorandum or report for samples collected in cap areas.  The timing of sampling 
events and results of cap sampling in each RA are discussed in the following section. 
 
Summary of Preliminary Findings 
 
The analytical results for samples collected from capped areas in each RA are presented in the 
following sections and summarized in Tables 2-4 through 2-14.  The results for the samples 
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collected from the final surface of capped areas are compared to the SQOs.  The performance 
criteria for construction verification in capped areas was the SQOs.  The point of compliance is 
the top 10 centimeters (i.e., from 0 to 10 cm) of the cap surface which correspond to the 
biological mixing zone for benthic organisms, per the ROD.  Additionally, summary statistics for 
each chemical are presented in the results tables where more than one sample was collected 
and analyzed from the RA.  Remedial actions performed in each RA are described in more 
detail in the RACRs. 
 
Remedial Area 1 – RA 1 is located on the west side of the mouth of the Thea Foss Waterway 
between approximate Stations 02+00 and 07+00 (Figure 2-13).  The eastern portion of RA 1, 
adjacent to the base of the shoreline slope, was capped with channel sand cap material. 
 
Two cap verification samples and a sample duplicate (i.e., TF1A-001-CVSS, TF1A-002-CVSS, 
and TF1A-002-CVSS Field Duplicate) were collected from the final cap surface in RA 1 on 
February 19, 2003, to verify compliance with the SQOs.  Several metals and SVOCs, and TOC 
were detected in cap verification samples, however, the detected chemical concentrations and 
detection limits for metals and SVOCs were less than the SQOs in the verification samples 
collected from RA 1 (Table 2-4). 
 
Remedial Area 6 – RA 6 is comprised of the channel area between approximate Station 34+90 
(approximately the center of the 11th Street Bridge) on the north and Station 52+34 on the south 
(Figure 2-13).  A cap was placed in the southwestern portion of RA 6, at the base of the 
shoreline slope, between approximate Stations 48+75 and 50+80.  
 
A cap verification sample and sample duplicate (i.e., RA-06-041-060123-G and RA-06-042-
060123-G) were collected from the final cap surface on January 23, 2006.  Only metals and 
TOC were detected in the cap verification samples, and the detected chemical concentrations 
and detection limits for metals were less than the SQOs in the cap verification samples collected 
from RA 6 (Table 2-5).   
 
Remedial Area 9 – RA 9 is located at the mouth of the Wheeler-Osgood Waterway between 
Stations 5+00 and 10+00 (Figure 2-13).  All of RA 9 was capped with channel sand cap 
material. 
 
Three cap verification samples (i.e., RA-09-011-051214-G, RA-09-012-051214-G, and RA-09-
013-051214-G) were collected from the final cap surface in RA 9 on December 14, 2005.   
Several metals and SVOCs, and TOC were detected in the cap verification samples, however, 
the detected chemical concentrations and detection limits for metals and SVOCs were less than 
the SQOs in the cap verification samples collected from RA 9 (Table 2-6). 
 
Remedial Area 16 – RA 16 is a harbor area located on the east side of the Thea Foss 
Waterway between approximate Stations 52+50 and 62+50 (Figure 2-13).  Two areas within RA 
16 were capped as part of remedial construction.  The northern portion of RA 16 from 
approximate Stations 52+50 to 55+25 and the central portion of RA 16 from Stations 57+00 to 
58+85 were capped with channel sand cap material. 
 
A cap verification sample and sample duplicate were collected from the final cap surface in each 
of the two capped areas to verify compliance with the SQOs.  A cap verification sample and 
sample duplicate were collected from the northern capped area on October 19, 2005 (i.e., RA-
16-020-051019-G and RA-16-022-051019-G) and from the central portion of RA 16 on October 
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24, 2005 (i.e., RA-16-024-051024-G and RA-16-025-051024-G).  TOC, Metals, SVOCs, 
pesticides, and PCBs were detected in the cap verification samples, however, the detected 
chemical concentrations and detection limits for metals, SVOCs, pesticides, and PCBs were 
less than the SQOs in the cap verification samples collected from RA 16 (Table 2-7). 
 
Remedial Area 17 – RA 17 is located within the channel of the Thea Foss Waterway between 
approximate Stations 52+35 and 58+85 (Figure 2-13).  The southern portion of RA 17 between 
Stations 54+85 and 58+85 was capped with channel sand cap material as part of remedial 
activities.   
 
Two cap verification samples and a sample duplicate were collected from the final cap surface 
in RA 17 on January 23, 2006 (i.e., RA-17-021-060123-G) and February 6, 2006 (i.e., RA-17-
031-060206-G and RA-17-032-060206-G).  Only metals and TOC were detected in the cap 
verification samples, and the detected concentrations and detection limits for metals were less 
than the SQOs in the cap verification samples collected from RA 17 (Table 2-8). 
 
Remedial Area 18 – RA 18 is located within the channel of the Thea Foss Waterway between 
approximate Stations 58+85 and 62+40 (Figure 2-13).  All of RA 18 was capped with channel 
sand cap material as part of remedial activities.   
 
Two cap verification samples (i.e., RA-18-021-060120-G and -18-021-060120-G) were collected 
from the final cap surface in RA 18 on January 20, 2006, to verify compliance with the SQOs.  
Only metals and TOC were detected in the cap verification samples, and the detected chemical 
concentrations and detection limits for metals were less than the SQOs in the cap verification 
samples collected from RA 18 (Table 2-9). 
 
Remedial Area 19A – RA 19A is comprised of the harbor area located on the southwestern 
shoreline of the Thea Foss Waterway between approximate Stations 52+50 and 68+00 (Figure 
2-13).  Channel sand cap material was placed in RA 19A from the base of the shoreline slope to 
the channel line including over the grout mat cap placed in the southern portion of RA 19A.  
Construction of the grout mat and channel sand cap in RA 19A was performed in 2004.  
Additional cap material was also placed in the southern portion of RA 19A between approximate 
Stations 66+40 and 70+10 in 2005. 
 
Supplemental cap verification sampling was performed in 2005 to evaluate chemical 
concentrations at the surface of the cap in RA 19A.  Additionally, cap verification sampling was 
performed in 2005 to evaluate chemical concentrations at the surface of the additional channel 
sand cap material placed between Stations 66+40 and 70+10.  A confirmation sample and 
sample duplicate (i.e., RA-19A-034-060104-G and RA-19A-035-060104-G) were collected from 
the surface of the additional cap material placed in RA 19A on January 4, 2006.  Eight 
supplemental cap verification samples (i.e., RA-19A-026-051012-G through RA-19A-033-
051012-G) were collected on October 12, 2005.  TOC, metals, SVOCs, pesticides, and PCBs 
were detected in the cap verification samples, however, the detected concentrations and 
detection limits for metals, SVOCs, pesticides, and PCBs were less than the SQOs in the cap 
verification samples collected from RA 19A (Table 2-10). 
 
Remedial Area 19B – RA 19B is comprised of the harbor area on the southwestern shoreline of 
the Thea Foss Waterway between approximate Stations 62+20 and 70+10 (Figure 2-13).  
Channel sand cap material was placed over the grout mat in RA 19B from the base of the 
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shoreline slope to the channel line.  Construction of the grout mat and channel sand cap in RA 
19B was performed in 2004.  Additional cap material was also placed in RA 19B in 2005.   
 
Two cap verification samples (i.e., RA-19B-010-060104-G and RA-19B-011-060104-G) were 
collected from the surface of the additional cap material placed in RA 19B on January 4, 2006.  
Several metals and SVOCs, and TOC were detected in cap verification samples, however, the 
detected concentrations and detection limits for metals and SVOCs were less than the SQOs in 
the cap verification samples collected from RA 19B (Table 2-11). 
 
Remedial Area 20 – RA 20 is comprised of the harbor area located on the southeastern 
shoreline of the Thea Foss Waterway between approximate Stations 62+50 and 70+10 (Figure 
2-13).  Channel sand cap material was placed in RA 20 from the base of the shoreline slope to 
the channel line.   
 
Four cap verification samples and a sample duplicate were collected from the final cap surface 
on January 4, 2006 (i.e., RA-20-021-060104-G and RA-20-022-060104-G) and January 16, 
2006 (i.e., RA-20-023-060116-G, RA-20-024-060116-G, and RA-20-025-060116-G) to verify 
compliance with SQOs.  Metals, bis(2-ethylhexyl)phthalate, and TOC were detected in the cap 
verification samples, however, the detected chemical concentrations and detection limits for 
metals and bis(2-ethylhexyl)phthalate were less than the SQOs in the cap verification samples 
collected from RA 20 (Table 2-12). 
 
Remedial Area 21 – RA 21 is located within the channel of the Thea Foss Waterway between 
approximate Stations 62+40 and 68+00 (Figure 2-13).  All of RA 21 was capped with channel 
sand cap material as part of remedial activities.    
 
Three cap verification samples were collected from the final cap surface on January 4, 2006 
(i.e., RA-21-021-060104-G) and January 20, 2006 (i.e., RA-21-022-060120-G and -21-023-
060120-G).  Several metals and SVOCs, and TOC were detected in cap verification samples, 
however, the detected chemical concentrations and detection limits for metals and SVOCs were 
less than the SQOs in the cap verification samples collected from RA 21 (Table 2-13). 
 
Remedial Area 22 – RA 22 is located within the channel of the Thea Foss Waterway at the 
southern end of the site between Stations 68+00 and 70+10 (Figure 2-13).  All of RA 22 was 
capped with channel sand cap material as part of remedial activities.   
 
A cap verification sample (i.e., RA-22-021-060104-G) was collected from the final cap surface in 
RA 22 on January 4, 2006, to verify compliance with SQOs.  Several metals, SVOCs, and TOC 
were detected in cap verification samples, however, the detected chemical concentrations and 
detection limits for metals and SVOCs were less than the SQOs in the cap verification sample 
collected from RA 22 (Table 2-14). 
 
2.2.2.1 Schedule for Cap Area Chemical Performance Monitoring Activities 
 
No additional cap area chemical performance monitoring is required to characterize baseline 
conditions in capped areas.  Cap area chemical performance monitoring, including collection 
and analysis of samples from areas capped with channel sand cap material and from slope 
caps, is scheduled to occur in 2008 as part of Year 2 cap area performance monitoring.  The 
schedule for OMMP activities to be performed as part of the Thea Foss and Wheeler-Osgood 
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Waterways Remediation Project is presented in Table 1-1.  The scope of cap area performance 
monitoring to be conducted in Year 2 is described in the OMMP. 
 
2.3 Baseline Natural Recovery and Enhanced Natural Recovery Monitoring 
 
Natural recovery and enhanced natural recovery performance monitoring is designed to verify 
that surface sediments in natural recovery areas satisfy performance criteria within the allowed 
10-year time frame.  Natural recovery and enhanced natural recovery performance monitoring 
consists of collection and analysis of surface samples (0 to 10 cm) from natural recovery and 
enhanced natural recovery areas to evaluate chemical concentration trends to determine 
whether natural recovery is likely to be achieved within the compliance period.  
 
As described in Section 2.0 of the OMMP, natural recovery and enhanced natural recovery 
performance monitoring is separated into baseline (Year 0) and long-term (Years 2, 4, 7, and 
10) performance monitoring.  Baseline natural recovery and enhanced natural recovery 
performance monitoring consists of compiling the results of existing construction verification and 
supplemental surface (0 to 10 cm) sediment samples collected from natural recovery and 
enhanced natural recovery areas.  Natural recovery and enhanced natural recovery areas to be 
monitored include the northern portions of RA 5 and RA 6, all of RA 7, most of the area north of 
the 11th Street Bridge to Station 20+00, the head of the Wheeler-Osgood Waterway located 
between RA 12 and RA 13, an area east of RA 16 and north of RA 15, and an area located east 
of RA 5 near the mouth of the Wheeler-Osgood Waterway extending from Stations 41+50 to 
46+50 (Figure 2-14).  Additionally, slopes in the Wheeler-Osgood Waterway comprising RA 10, 
RA 11, and RA 13 were designated for natural recovery and slope rehabilitation during the 
Remedial Design phase of the project and will be monitored as part of the OMMP.   
 
Construction verification surface samples collected within the natural recovery areas adjacent to 
RA 2 and RA 4 and within the northern portions of RA 5, RA 6, and RA 7 are used to 
characterize natural recovery baseline conditions in these areas.  The results of construction 
verification surface samples used as baseline for natural recovery areas were presented in the 
RACR.  In addition, supplemental baseline samples were required within designated natural 
recovery and enhanced natural recovery areas as part of Year 0 monitoring where there was 
insufficient existing construction verification data to complete the baseline characterization.  
Supplemental baseline natural recovery area monitoring was performed in October 2006.  The 
results of supplemental samples that establish the baseline for natural recovery and enhanced 
natural recovery areas were presented in the Supplemental Baseline Natural Recovery 
Monitoring Preliminary Findings Memorandum (City of Tacoma 2007).  Figure 2-14 identifies the 
baseline natural recovery and enhanced natural recovery area sample locations. 
 
The results of construction confirmation and supplemental surface samples collected from 
natural recovery and enhanced natural recovery areas provide the baseline for evaluating the 
results of subsequent, long-term natural recovery monitoring.  The results of subsequent natural 
recovery sampling and analysis will be compared to the baseline results to evaluate trends in 
chemical concentrations to identify if natural recovery and enhanced natural recovery areas will 
satisfy or have satisfied performance criteria within the allowed 10-year time frame.   
 
Summary of Construction Verification Field Activities 
 
Construction verification surface sediment samples were collected from 0 to 10 cm within the 
natural recovery area adjacent to RA 2 and RA 4 and within the northern portions of RA 5, RA 6, 
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and RA 7 as part of remedial activities.  The actual construction verification sample locations are 
shown on Figure 2-14.  The samples were collected and analyzed in accordance with the 
Sediment Verification Quality Assurance Project Plan for the Thea Foss and Wheeler-Osgood 
Waterways Remediation Project. 
 
Samples collected from natural recovery areas as part of construction verification were collected 
using a vessel deployed grab sampler (i.e., Van Veen or Eikman surface sampler).  Field forms 
were completed and photographs taken to document observations during each sampling event.  
The sediment samples were stored in a cooler containing ice and submitted to the laboratory 
under a chain-of-custody for the following analyses:  
 

 SVOCs; 

 PCBs; 

 Pesticides (i.e., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT); 

 Metals (i.e., copper, mercury, lead, and zinc); 

 TOC; and  

 Total solids. 
 
Documentation of field sampling activities and the analytical results for construction verification 
samples collected from natural recovery areas are presented in construction correspondence 
memoranda submitted as part of the remedial actions.  Table 2-15 summarizes the construction 
verification sampling events for natural recovery areas.  The timing of sampling events and 
results of natural recovery sampling in each area are discussed below. 
 
Summary of Supplemental Baseline Field Activities 
 
Supplemental baseline natural recovery monitoring consisted of collection and analysis of 
surface samples (0 to 10 cm) from natural recovery and enhanced natural recovery areas where 
there was insufficient existing construction verification data to complete the baseline 
characterization.  The samples were collected and analyzed in accordance with the Sediment 
Sampling Operation Manual developed as part of the OMMP. 
 
A vessel deployed Van Veen grab sampler was used on October 23-24, 2006, to collect surface 
samples from the natural recovery and enhanced natural recovery areas north of the 11th Street 
Bridge, in RA 7, at the head of the Wheeler-Osgood Waterway between RA 12 and RA 13, in 
the area east of RA 16 and north of RA 15, and the area located east of RA 5 near the mouth of 
the Wheeler-Osgood Waterway.  Samples of shoreline areas in the Wheeler-Osgood Waterway 
comprising RA 10, RA 11, and RA 13 were collected using a stainless steel spoon and bowl 
when the sample locations were exposed at a low tide on October 25, 2006.  The actual 
supplemental sample locations are shown on Figure 2-14.   
 
Samples collected from the shoreline of the Wheeler-Osgood Waterway are composites 
comprised of subsamples collected from three locations in each RA (i.e., RA 10, RA 11, and RA 
13).  The locations of the shoreline subsamples were established by installing stakes at each 
sample location prior to sample collection.  Shoreline sample locations were established at the 
approximate mid-point of the slope at three evenly spaced locations within each RA (Figure 2-
14).   
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Sediment samples were stored in a cooler containing ice and submitted to the laboratory under 
a chain-of-custody for the following analyses: 
  

 SVOCs; 

 PCBs; 

 Pesticides (i.e., 4,4’-DDD, 4,4’-DDE, and 4,4’-DDT); 

 Metals (i.e., antimony, arsenic, cadmium, copper, lead, mercury, nickel, silver, and zinc); 

 TOC; and  

 Total solids. 
 
Documentation of field sampling activities and analytical results for samples collected from 
natural recovery and enhanced natural recovery areas as part of supplemental baseline natural 
recovery monitoring are presented in the Supplemental Baseline Natural Recovery Monitoring 
Preliminary Findings Memorandum.  Table 2-15 summarizes the supplemental sampling events 
for natural recovery areas.  The timing of sampling events and results of natural recovery 
sampling in each area are discussed below. 
 
Summary of Monitoring Results 
 
The analytical results for samples collected from natural recovery and enhanced natural 
recovery areas are presented in the following sections and summarized in Tables 2-16 through 
2-23.  The results for samples collected from natural recovery areas are compared to the SQOs.  
Additionally, summary statistics for each chemical are presented in the summary tables where 
more than one sample was collected and analyzed from a natural recovery area.  Construction 
verification and supplemental sampling in natural recovery and enhanced natural recovery 
areas is described in more detail in the RACR and in the Supplemental Baseline Natural 
Recovery Monitoring Preliminary Findings Memorandum. 
 
Area North of 11th Street Bridge – The channel and harbor areas north of the 11th Street 
Bridge extending to Station 20+00, excluding the areas comprising RA 2, RA 3, and RA 4 are a 
natural recovery area (Figure 2-14).  Dredge boundary verification sampling was completed in 
the areas adjacent to RA 2 and RA 4 as part of remedial activities performed in 2004.  
Additionally, supplemental baseline natural recovery area monitoring was performed in October 
2006 to provide additional data to complete the baseline characterization for the natural 
recovery area north of the 11th Street Bridge.  
 
Dredge boundary verification samples were collected from surface sediment located on each 
side of RA 2.  The four dredge boundary samples (RA-02-006-041022-G, RA-02-007-041022-G, 
RA-02-008-041022-G, and RA-02-009-041022-G) were collected on October 22, 2004.  A field 
duplicate sample (RA-02-004-041022-G) was also collected for quality control.  Neither the 
detected concentrations nor analytical detection limits exceeded the SQOs in the dredge 
boundary samples collected adjacent to RA 2 (Table 2-16).   
 
Dredge boundary verification samples were collected from surface sediment located on each 
side of RA 4.  The four dredge boundary samples (RA-04-005-041115-G, RA-04-006-041115-G, 
RA-04-007-041115-G, and RA-04-008-041115-G) were collected on November 15, 2004.  The 
detected concentrations and analytical detection limits in the dredge boundary samples were 
less than the SQOs for all chemicals but zinc in one sample at one station, RA 4-006 (RA-04-
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006-041115-G).  Additional surface sampling was performed east of RA 4 in response to the 
detected zinc concentration.  
 
Two offset boundary surface samples (RA-04-009-041229-G and RA-04-011-041229-G) were 
collected 50 feet north and south of Station RA 4-006 on December 29, 2004.  Additionally, 
Station RA 4-006 was re-sampled (RA-04-010-041229-G) on December 29, 2004.  This co-
located sample station is identified as Station RA 4-010 in the offset confirmation sampling 
results.  A field duplicate sample (RA-02-012-041229-G) was also collected for quality control.   
 
Zinc was detected in all four offset samples but at concentrations less than 1/3 of the zinc SQO 
(Table 2-16).  The results for offset samples and the additional sample at the original sample 
location verify that the original sample with the zinc concentration greater than the SQO was an 
anomaly and is not representative of zinc concentrations in or adjacent to RA 4.   
Supplemental surface samples (i.e., NR-06-Y0-D, NR07-Y0-D, and NR-11-Y0-D) were collected 
from three locations in the natural recovery area north of the 11th Street Bridge on October 23, 
2006.  The detected chemical concentrations and detection limits of all but two analytes in two 
samples were less than the SQOs (Table 2-16).  In sample NR-11-Y0-D, bis(2-
ethylhexyl)phthalate (BEHP) was detected at a concentration that was approximately 1.5 times 
the SQO.  Benzyl alcohol was not detected in sample NR-11-Y0-D, but the detection limit was 
greater than the SQO.  Similarly, in sample NR-07-Y0-D, benzyl alcohol was not detected, but 
the reporting limit was greater than the SQO.  
 
Northern Portion of RA 5 – The northern portion of RA 5 from Stations 37+10 to 35+00 is a 
natural recovery area (Figure 2-14).  
 
Two construction verification samples and a sample duplicate were collected from surface 
sediment in the natural recovery area in RA 5 as part of remedial activities performed in 2005.  
A post-dredge verification sample was collected on September 23, 2005 (i.e., RA-05-002-
050923-G) and a dredge boundary verification sample and sample duplicate were collected on 
December 15, 2005 (i.e., RA-05-009-051215-G and RA-05-010-051215-G).  The detected 
chemical concentrations and detection limits were less than the SQOs in the post-dredge 
verification sample collected from the natural recovery area in RA 5 (Table 2-17).  Only one 
analyte, BEHP, was detected at concentrations greater than the SQO in the dredge boundary 
verification sample and sample duplicate.  The BEHP concentrations that were detected were 
slightly greater than the SQO.   
 
Northern Portion of RA 6 – The northern portion of RA 6 from approximate Stations 37+10 to 
35+00 is a natural recovery area (Figure 2-14).  
 
Three samples were collected from surface sediment in the natural recovery area in RA 6 as 
part of remedial activities performed in 2005.  A sample was collected from RA 6 on June 29, 
2005 (i.e., RA-06-001-050629-G) as part of the Remedial Action Modification Evaluation and 
two dredge boundary verification samples were collected on December 15, 2005 (i.e., RA-06-
017-051215-G and RA-06-015-051215-G).  The detected chemical concentrations and 
detection limits were less than the SQOs in the Remedial Action Modification Evaluation and 
dredge boundary verification samples collected from the natural recovery area in RA 6 (Table 2-
18). 
 
Remedial Area 7 – RA 7 is the harbor area located on the west side of the Thea Foss 
Waterway between approximate Stations 42+50 and 35+00 (Figure 2-14).  In the portion of RA 
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7 extending from the southern RA boundary at approximate Stations 42+50 to 36+20, six-inches 
of channel sand cap material was placed to enhance natural recovery as part of remedial 
construction performed in 2005.  The northern portion of RA 7 from approximate Stations 36+20 
to 35+00 is a natural recovery area.  
 
Two samples were collected from surface sediment and channel sand cap material in RA 7 as 
part of remedial activities performed in 2005 and 2006.  A sample was collected from the natural 
recovery area in the northern portion of RA 7 on June 29, 2005 (i.e., RA-07-001-050629-G) as 
part of the Remedial Action Modification Evaluation and a supplemental baseline sample was 
collected from the enhanced natural recovery area in RA 7 on October 23, 2006 (i.e., NR-16-Y0-
D).   The detected chemical concentrations and detection limits were less than the SQOs in the 
both the Remedial Action Modification Evaluation sample collected from the natural recovery 
area and the supplemental baseline sample collected from the enhanced natural recovery area 
in RA 7 (Table 2-19). 
 
Area at the Mouth of the Wheeler-Osgood Waterway – The area located east of RA 5 at the 
mouth of the Wheeler-Osgood Waterway extending from approximate Stations 42+00 to 46+50 
is a natural recovery area (Figure 2-14).  
 
A supplemental baseline sample was collected from the natural recovery area at the mouth of 
the Wheeler-Osgood Waterway on October 23, 2006 (i.e., NR-17-Y0-D).  One chemical was 
detected at a concentration greater than the SQO in the sample.  Pyrene was detected at a 
concentration approximately 1.25 times the SQO (Table 2-20). 
 
Shoreline of the Wheeler-Osgood Waterway – Shoreline slopes in the Wheeler-Osgood 
Waterway comprising RA 10, RA 11, and RA 13 were designated natural recovery areas during 
the remedial design phase (Figure 2-14). 
 
Supplemental composite samples comprised of subsamples collected from three locations in 
each RA (i.e., RA 10, RA 11, and RA 13) were collected from the shorelines of the Wheeler-
Osgood Waterway.  The locations of the shoreline subsamples were established by installing 
stakes at each sample location prior to sample collection.  Stakes were installed at the sample 
locations during low tides on October 18-19, 2006.  Three composite sediment samples and a 
sample duplicate were collected October 25, 2006 (i.e., SR-10-Y0-D, SR-11-Y0-D, SR-11-Y0-
D4, SR-13-Y0-D).  The detected chemical concentrations and detection limits were less than the 
SQOs in the supplemental baseline samples collected from the shoreline natural recovery areas 
in the Wheeler-Osgood Waterway (Table 2-21). 
 
Head of the Wheeler-Osgood Waterway – The head of the Wheeler-Osgood Waterway 
between RA 12 and RA 13 is a natural recovery area (Figure 2-14). 
 
Two supplemental baseline samples and a sample duplicate were collected from the natural 
recovery area at the head of the Wheeler-Osgood Waterway on October 23, 2006 (i.e., NR-19-
Y0-D, NR-20-Y0-D, and NR-20-Y0-D1).  Three chemicals were detected at concentrations 
greater than the SQOs in the sample collected in the natural recovery area located in the head 
of the Wheeler-Osgood Waterway, north of RA 12 (i.e., NR-19-Y0-D).  Benzo(a)anthracene, 
pyrene, and N-nitrosodiphenylamine were detected at concentrations that were at or below two 
times the SQOs (Table 2-22).   
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Three chemicals were detected at concentrations exceeding the SQOs in both the parent 
sample and sample duplicate collected from the natural recovery area located in the head of the 
Wheeler-Osgood Waterway, east of RA 12 (i.e., NR-20-Y0-D and NR-20-Y0-D1).  BEHP, 1,2-
dichlorobenzene, and PCBs were detected in both samples at similar concentrations, 
concentrations less than two times the SQOs.  Multiple polycyclic aromatic hydrocarbons (PAH) 
were detected in the parent sample at concentrations exceeding the SQOs but were not 
detected in the sample duplicate at similar concentrations.  PAH concentrations detected in the 
duplicate sample were generally less than one-half the SQOs.  The similarity in chemical 
concentrations between the parent sample and sample duplicate, except for the concentrations 
of PAHs, indicates that the PAHs were likely present in a subcomponent of the sample, a piece 
of creosote treated wood for example, and not homogenous within the sediment matrix.  
Additionally, benzyl alcohol was qualified as not detected at a concentration that was greater 
than the SQO in the parent sample because benzyl alcohol was detected in the associated 
laboratory method blank sample (Table 2-22). 
 
Harbor Area Adjacent to RA 15 and RA 16 – The harbor area east of RA 16 and north of RA 
15 extending from approximate Stations 52+50 to 58+50 is a natural recovery area (Figure 2-
14). 
 
A supplemental baseline natural recovery sample and a sample duplicate were collected from 
the natural recovery area on October 24, 2006 (i.e., NR-25-Y0-D and NR-25-Y0-D1).  Mercury, 
PAHs, butylbenzyl phthalate, and BEHP were detected in both samples at concentrations 
exceeding the SQOs.  The detected concentrations of mercury, PAHs, and butylbenzyl 
phthalate were at or below two times the SQOs for these chemicals.  The detected 
concentration of BEHP was between two and three times the SQO (Table 2-23).  
 
Summary of Baseline Natural Recovery and Enhanced Natural Recovery Monitoring  
 
The following summarizes the results for baseline natural recovery and enhanced natural 
recovery area sampling and analysis performed in the Thea Foss and Wheeler-Osgood 
Waterways: 
 

 No chemicals were detected at concentrations greater than the SQOs in the samples 
collected from natural recovery and enhanced natural recovery areas located in RA 6, 
RA 7, and the shoreline of the Wheeler-Osgood Waterway (i.e., RA 10, RA 11, and RA 
13); 

 Only one chemical was identified to be present in one sample at a concentration greater 
than the SQO in 15 samples collected from the natural recovery area north of the 11th 
Street Bridge; 

 Chemical concentrations that were greater than the SQO in samples collected from 
natural recovery areas were predominantly at or below two times the SQO; and 

 The results of analyses of the sample and sample duplicate collected from the head of 
the Wheeler-Osgood Waterway east of RA 12 were similar except for PAHs that were 
detected in the parent sample at concentrations exceeding the SQOs but were not 
detected at concentrations exceeding the SQOs in the duplicate sample.  The detected 
concentrations of PAHs in the parent sample were likely present in a subcomponent of 
the sample, a piece of creosote treated wood for example, and not homogenous within 
the sediment matrix. 
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The results of natural recovery and enhanced natural recovery sampling and analysis 
characterize the baseline for the areas sampled.  The results of baseline natural recovery 
monitoring will be used as the basis for comparison to the results of subsequent, long-term 
natural recovery and enhanced natural recovery performance monitoring conducted in 
accordance with the OMMP. 
 
2.3.1 Schedule of Natural Recovery and Enhanced Natural Recovery Monitoring Activities 
 
No additional natural recovery or enhanced natural recovery monitoring is required to 
characterize baseline conditions in natural recovery or enhanced natural recovery areas.  
Natural recovery and enhanced natural recovery area monitoring and chemical concentration 
trend analysis is scheduled to occur in 2008 as part of Year 2 natural recovery and enhanced 
natural recovery monitoring.  The schedule for OMMP activities to be performed as part of the 
Foss Project is presented in Table 1-1.  The scope of natural recovery and enhanced natural 
recovery area monitoring to be conducted in Year 2 is described in the OMMP. 
 
 
 
TABLES 
 
2-1 – Summary of Slope Areas Requiring Maintenance 

2-2 – Summary of Subtidal Cap Area Hydrographic Survey Events Used for Baseline 

2-3 – Summary of Cap Verification Sampling Events Used as Baseline 

2-4 – Summary of RA 1 Cap Verification Sample Results 

2.5 – Summary of RA 6 Cap Verification Sample Results 

2-6 – Summary of RA 9 Cap Verification Sample Results 

2-7 – Summary of RA 16 Cap Verification Sample Results 

2-8 – Summary of RA 17 Cap Verification Sample Results 

2-9 – Summary of RA 18 Cap Verification Sample Results 

2-10 – Summary of RA 19A Cap Verification Sample Results 

2-11 – Summary of RA 19B Cap Verification Sample Results 

2-12 – Summary of RA 20 Cap Verification Sample Results 

2-13 – Summary of RA 21 Cap Verification Sample Results 

2-14 – Summary of RA 22 Cap Verification Sample Results 

2-15 – Summary of Natural Recovery Area Sampling Events Used as Baseline 

2-16 – Summary of Baseline Natural Recovery Sample Results for the Area North of 11th Street 
Bridge 

2-17 – Summary of Baseline Natural Recovery Sample Results for the Northern Portion of RA 5 

2-18 – Summary of Baseline Natural Recovery Sample Results for the Northern Portion of RA 6 
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2-19 – Summary of Baseline Natural Recovery and Enhanced Natural Recovery Sample 
Results for RA 7 

2-20 – Summary of Baseline Natural Recovery Sample Results for the Area at the Mouth of the 
Wheeler-Osgood Waterway 

2-21 – Summary of Baseline Natural Recovery Sample Results for the Shoreline of the 
Wheeler-Osgood Waterway 

2-22 – Summary of Baseline Natural Recovery Sample Results for the Head of the Wheeler-
Osgood Waterway 

2-23 – Summary of Baseline Natural Recovery Sample Results for the Harbor Area Adjacent to 
RA 15 and RA 16 
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2-1 – Low Tide Slope Cap Inspection Monitoring Intervals 

2-2 – Slope Areas Requiring Maintenance 

2-3 – Subtidal Hydrographic Survey Areas 

2-4 – RA 1 Baseline Subtidal Hydrographic Survey Results 

2-5 – RA 3 Baseline Subtidal Hydrographic Survey Results 

2-6 – RA 5 Baseline Subtidal Hydrographic Survey Results 

2-7 – RA 6 and Southern Portion of RA 8 Baseline Subtidal Hydrographic Survey Results 

2-8 – RA 7A and Northern Portion of RA 8 Baseline Subtidal Hydrographic Survey Results 

2-9 – RA 9 Baseline Subtidal Hydrographic Survey Results 

2-10 – RA 14 Baseline Subtidal Hydrographic Survey Results 

2-11 – RA 16, RA 17, RA 18, and the Northern Portion of RA 19A Baseline Subtidal 
Hydrographic Survey Results 

2-12 – Southern Portion of RA 19A, RA 19B, RA 20, RA 21, and RA 22 Baseline Subtidal 
Hydrographic Survey Results 

2-13 – Baseline Cap Area Sampling Locations 

2-14 – Baseline Natural Recovery Sample Locations 



2
Geotextile exposed at the surface of the slope cap or observed through 
slope cap material.  Exposed geotextile likely the result of downslope 
movement of the slope cap material.

+17 to +13 feet MLLW

3
Metal / foundry slag protruding through surface of the slope cap.  Metal / 
foundry slag protruding through slope cap likely the result of the 
settlement of slope cap material.

+13 to +10 feet MLLW

2

Fabric and concrete debris exposed at the surface of the slope cap.  
Exposed fabric and concrete likely the result of settlement or downslope 
movement of slope cap material and outfall apron armoring adjacent to 
City Outfall 230.

+4 to 0 feet MLLW

14
Two creosote-treated timber piling protruding through the surface of the 
slope cap.  Protruding piling were not likely cut off at an elevation that 
allowed complete coverage by cap material.

+2.5 and -3.0 feet MLLW

16
Debris protruding through surface of the slope cap.  Debris protruding 
through cap likely the result of settlement or downslope movement of 
slope cap material.

+2.0 feet MLLW

Habitat Area Adjacent 
to RA 19A 2 One creosote-treated timber piling protruding through the habitat area 

surface. +5.0 feet MLLW

RA 20 9
One creosote-treated timber piling protruding through the surface of the 
slope cap.  Protruding piling was likely not cut off at an elevation that 
allowed complete coverage by cap material.

-2.5 feet MLLW

RA 3

RA 8

Table 2-1
Summary of Slope Areas Requiring Maintenance

Remediation Area Monitoring 
Interval Cap Disturbance Observed Approximate Elevation 

Range
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 Remediation Area Figure Name
Figure 

No. Type of Cap(s)
Construction 

Completion Date

Baseline 
Hydrographic Survey 

Date

Table 2-2
Summary of Subtidal Cap Area Hydrographic Survey Events Used for Baseline

RA 3

RA 1

2-5

Thick Slope Cap and Channel 
Sand Cap

Thick Slope Cap, Grout Mat 
Cap, and Channel Sand Cap

RA 1 Baseline Subtidal Hydrographic Survey 
Results

RA 3 Baseline Subtidal Hydrographic Survey 
Results

RA 22

RA 21

RA 20

RA 19B

RA 19A

RA 18

RA 17

RA 16

RA 14

RA 9

RA 8

RA 6

RA 7A

12/22/2005 and
2/12/2006

12/21-22/2005 and
2/12/2006

12/21-22/2005

2-4

12/22/2005 and
2/12/2006

12/21-22/2005 and
2/12/2006

12/21-22/2005 and
2/12/2006

12/21-22/2005

12/22/2005 and
2/12/2006

12/22/2005 and
2/12/2006

12/22/2005

2/20/2003

2/19/2003

12/22/2005 and
2/12/2006

12/21-22/2005 and
2/12/2006

12/21/2005

12/22/2005

1/13/2006

12/17/2005

2/14/2003

2/7/2003

1/4/2006

11/10/2005

11/11/2005

10/27/2005

Thick Slope Cap, Quarry Spall 
Cap, and Channel Sand Cap

Channel Sand Cap

Channel Sand Cap

1/21/2006

12/7/2005

1/18/2006

Channel Sand Cap

Thick Slope Cap and Quarry 
Spall Cap

Channel Sand Cap 1/20/2006

Thick Slope Cap, Grout Mat 
Cap, and Channel Sand Cap
Thick Slope Cap, Grout Mat 
Cap, and Channel Sand Cap

12/17/2005

12/17/2005

Channel Sand Cap 10/19/2005

Channel Sand Cap 2/4/2006

Southern Portion of RA 19A, RA 19B, RA 20, 
RA 21, and RA 22 Baseline Subtidal 
Hydrographic Survey Results

2-14

2-10

2-11

2-12

2-13
RA 16, RA 17, RA 18, and the Northern Portion 
of RA 19A Baseline Subtidal Hydrographic 
Survey Results

RA 5 RA 5 Baseline Subtidal Hydrographic Survey 
Results 2-6

2-8

RA 6 and the Southern Portion of RA 8 
Baseline Subtidal Hydrographic Survey Results
RA 7A and the Northern Portion of RA 8 
Baseline Subtidal Hydrographic Survey Results

Thick Slope Cap

RA 6 and the Southern Portion of RA 8 
Baseline Subtidal Hydrographic Survey Results

RA 9 Baseline Subtidal Hydrographic Survey 
Results

Thick Slope Cap and Quarry 
Spall Cap

2-7

RA 14 Baseline Subtidal Hydrographic Survey 
Results

Channel Sand Cap

2-9

Channel Sand Cap

RA 7A and the Northern Portion of RA 8 
Baseline Subtidal Hydrographic Survey Results
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Remediation 
Area Sampling Event Type Results Table Name Table 

No. Event Date Station Sample Report/Memorandum

TF1A-001 TF1A-001-CVSS
TF1A-002-CVSS
TF1A-002-CVSS (dup)
RA-06-041-060123-G
RA-06-042-060123-G (dup)

RA-09-011 RA-09-011-051214-G
RA-09-012 RA-09-012-051214-G
RA-09-013 RA-09-013-051214-G

RA-16-020-051019-G
RA-16-022-051019-G (dup)
RA-16-024-051024-G
RA-16-025-051024-G (dup)

1/23/2006 RA-17-021 RA-17-021-060123-G CR - 2294 (February 17, 2006)
RA-17-031-060206-G
RA-17-032-060206-G (dup)

RA-18-021 RA-18-021-060120-G
RA-18-022 RA-18-022-060120-G
RA-19A-026 RA-19A-026-051012-G
RA-19A-027 RA-19A-027-051012-G
RA-19A-028 RA-19A-028-051012-G
RA-19A-029 RA-19A-029-051012-G
RA-19A-030 RA-19A-030-051012-G
RA-19A-031 RA-019A-031-051012-G
RA-19A-032 RA-019A-032-051012-G
RA-19A-033 RA-019A-033-051012-G

RA-19A-034-060104-G
RA-19A-035-060104-G (dup)

RA-19B-010 RA-19B-010-060104-G
RA-19B-011 RA-19B-011-060104-G
RA-20-021 RA-20-021-060104-G
RA-20-022 RA-20-022-060104-G

RA-20-023-060116-G
RA-20-025-060116-G (dup)

RA-20-024 RA-20-024-060116-G
1/4/2006 RA-21-021 RA-21-021-060104-G CR - 2245 (January 24, 2006)

RA-21-022 RA-21-022-060120-G
RA-21-023 RA-21-023-060120-G

RA 22 Cap Verification Summary of RA 22 Cap 
Verification Sample Results 2-14 1/4/2006 RA-22-021 RA-22-021-060104-G CR - 2245 (January 24, 2006)

Notes:  (dup) - Field duplicate sample

RA 1
TF1A-002

2/19/20032-4Summary of RA 1 Cap 
Verification Sample ResultsCap Verification

Thea's Park Cap Sampling 
Report (April 10, 2003)

CR - 2286 (February 10, 2006)

Construction Coorespondance 
(CR) - 2294 (February 17, 

CR - 2244 (January 23, 2006)

CR-2318 (March 13, 2006)

2-6

2/6/2006 RA-17-031

Cap Verification 2-5

Cap Verification Summary of RA 18 Cap 
Verification Sample Results

Cap Verification

Cap Verification

 Summary of RA 17 Cap 
Verification Sample Results 

Summary of RA 9 Cap 
Verification Sample Results

2-8

Summary of RA 6 Cap 
Verification Sample Results

2-7Summary of RA 16 Cap 
Verification Sample Results

CR - 2187 (December 19, 
2005)

10/19/2005

10/24/2005 RA-16-024

RA-16-020

12/14/2005

RA-06-0411/23/2006

CR - 2280 (February 9, 2006)

CR - 2286 (February 10, 2006)1/20/2006

1/4/2006

2-13

1/4/2006

1/16/2006 RA-20-0232-12

CR - 2245 (January 24, 2006)

CR - 2245 (January 24, 2006)

Cap Verification

2-9

Cap Verification Summary of RA 21 Cap 
Verification Sample Results

Cap Verification Summary of RA 20 Cap 
Verification Sample Results

2-11 Summary of 19B Cap 
Verification Sample Results 

Post-Additional Cap Material 
Placement Verifcation

Table 2-3
Summary of Cap Verification Sampling Events Used as Baseline

RA 6

1/4/2006

Supplemental Cap 
Verification

RA 21

RA 20

RA 9

RA 16

RA 17

RA 18

RA 19B

1/20/2006

Post-Additional Cap Material 
Placement Verifcation

RA 19A

RA-19A-034

CR - 2144 (December 6, 2005)Summary of RA 19A Cap 
Verification Sample Results 2-10

10/12/2005

CR - 2245 (January 24, 2006)
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Table 2-4
Summary of RA 1 Cap Verification Sample Results

Station RA 1 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 587 388 430 388 587 468
Total Solids % NA 94.3 94.79 96.51 94.3 96.51 95.2

Metals
Arsenic mg/kg 57 1.32 J 1.97 U 1.84 U 1.32 1.32 1.32
Copper mg/kg 390 6.38 8.83 8.26 6.38 8.83 7.82
Lead mg/kg 450 2.07 U 1.97 U 1.84 U NA NA NA
Zinc mg/kg 410 13.6 11.3 12.5 11.3 13.6 12.5
Mercury mg/kg 0.59 0.0342 UB 0.0202 UB 0.00848 UB NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 1.27 U 1.35 U 1.3 U NA NA NA
Acenaphthene µg/kg 500 1.27 U 1.35 U 1.3 U NA NA NA
Acenaphthylene µg/kg 1,300 1.27 U 1.35 U 1.3 U NA NA NA
Anthracene µg/kg 960 1.27 U 1.35 U 1.3 U NA NA NA
Fluorene µg/kg 540 1.27 U 1.35 U 1.3 U NA NA NA
Naphthalene µg/kg 2,100 1.27 U 1.35 U 1.3 U NA NA NA
Phenanthrene µg/kg 1,500 1.27 U 0.92 J 1.3 U 0.92 0.92 0.92
Total LPAH µg/kg 5,200 1.27 U 0.92 J 1.3 U 0.92 0.92 0.92

HPAHs
Benzo(a)anthracene µg/kg 1,600 1.27 U 1.35 U 1.3 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 1.27 U 1.35 U 1.3 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 2.55 U 2.69 U 2.59 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 1.27 U 1.35 U 1.3 U NA NA NA
Chrysene µg/kg 2,800 1.27 U 1.35 U 1.3 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 1.27 U 1.35 U 1.3 U NA NA NA
Fluoranthene µg/kg 2,500 1.27 U 2.96 1.52 1.52 2.96 2.24
Indeno(1,2,3-cd)pyrene µg/kg 690 1.27 U 1.35 U 1.3 U NA NA NA
Pyrene µg/kg 3,300 1.27 U 2.3 1.27 J 1.27 2.3 1.8
Total HPAH µg/kg 17,000 2.55 U 5.26 2.79 J 2.79 5.26 4.03

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 12.7 U 13.5 U 13 U NA NA NA
Diethylphthalate µg/kg 200 12.7 U 13.5 U 13 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 12.7 U 13.5 U 13 U NA NA NA
Butyl benzyl phthalate µg/kg 900 12.7 U 13.5 U 13 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 15.7 UB 12.1 J 10.6 J 10.6 12.1 11.4
Di-n-octyl phthalate µg/kg 6,200 12.7 U 13.5 U 13 U NA NA NA

Average Detected 
Concentration

Maximum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm

TF1A-002-CVSS 
(dup)1

12/14/2005 12/14/20052/19/2003

Minimum 
Detected 

Concentration
Parameter

TF1A-001

TF1A-001-CVSS TF1A-002-CVSS

TF1A-002
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Station RA 1 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Average Detected 
Concentration

Maximum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm

TF1A-002-CVSS 
(dup)1

12/14/2005 12/14/20052/19/2003

Minimum 
Detected 

Concentration
Parameter

TF1A-001

TF1A-001-CVSS TF1A-002-CVSS

TF1A-002

Phenol µg/kg 420 12.7 U 13.5 U 13 U NA NA NA
2-Methylphenol µg/kg 63 12.7 U 13.5 U 13 U NA NA NA
3- & 4-Methylphenol µg/kg 670 25.5 U 26.9 U 25.9 U NA NA NA
2,4-Dimethylphenol µg/kg 29 12.7 U 13.5 U 13 U NA NA NA
Pentachlorophenol µg/kg 360 12.7 U 13.5 U 13 U NA NA NA
Benzyl alcohol µg/kg 73 12.7 U 13.5 U 13 U NA NA NA
Benzoic acid µg/kg 650 63.7 U 67.3 U 64.8 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 12.7 U 13.5 U 13 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 12.7 U 13.5 U 13 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 12.7 U 13.5 U 13 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 12.7 U 13.5 U 13 U NA NA NA
Hexachlorobenzene µg/kg 22 2.07 U 2.01 U 1.96 U NA NA NA
Dibenzofuran µg/kg 540 12.7 U 13.5 U 13 U NA NA NA
Hexachlorobutadiene µg/kg 11 1.04 U 1.01 U 0.981 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 12.7 U 13.5 U 13 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 2.07 U 2.01 U 1.96 U NA NA NA
p,p'-DDE µg/kg 9 2.07 U 2.01 U 1.96 U NA NA NA
p,p'-DDT µg/kg 34 2.07 U 2.01 U 1.96 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCB-1221 µg/kg NA 20.7 U 20.1 U 19.6 U NA NA NA
PCB-1232 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCB-1242 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCB-1248 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCB-1254 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCB-1260 µg/kg NA 10.4 U 10.1 U 9.81 U NA NA NA
PCBs (total) µg/kg 300 20.7 U 20.1 U 19.6 U NA NA NA

Notes: Qualifiers:
SQO       Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA          Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          value is an estimated quantity.
1              Sample is a field duplicate of sample TF1A-002-CVSS. UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-5
Summary of RA 6 Cap Verification Sample Results

Station RA-06-041 RA 6 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 810 740 740 810 775
Total Solids % NA 97.2 96.7 96.7 97.2 97.0

Metals
Arsenic mg/kg 57 5 5 U 5 5 5
Copper mg/kg 390 16.1 14.1 14.1 16.1 15.1
Lead mg/kg 450 3 6 3 6 4.5
Zinc mg/kg 410 27.9 J 33.5 J 27.9 33.5 30.7
Mercury mg/kg 0.59 0.04 U 0.05 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 20 U 19 U NA NA NA
Acenaphthene µg/kg 500 20 U 19 U NA NA NA
Acenaphthylene µg/kg 1,300 20 U 19 U NA NA NA
Anthracene µg/kg 960 20 U 19 U NA NA NA
Fluorene µg/kg 540 20 U 19 U NA NA NA
Naphthalene µg/kg 2,100 20 U 19 U NA NA NA
Phenanthrene µg/kg 1,500 20 U 19 U NA NA NA
Total LPAH µg/kg 5,200 20 U 19 U NA NA NA

HPAHs
Benzo(a)anthracene µg/kg 1,600 20 U 19 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 20 U 19 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 20 U 19 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 20 U 19 U NA NA NA
Chrysene µg/kg 2,800 20 U 19 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 20 U 19 U NA NA NA
Fluoranthene µg/kg 2,500 20 U 19 U NA NA NA
Indeno(1,2,3-cd)pyrene µg/kg 690 20 U 19 U NA NA NA
Pyrene µg/kg 3,300 20 U 19 U NA NA NA
Total HPAH µg/kg 17,000 20 U 19 U NA NA NA

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 20 U 19 U NA NA NA
Diethylphthalate µg/kg 200 20 U 19 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 18 UJB 14 UJB NA NA NA
Butyl benzyl phthalate µg/kg 900 20 U 19 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 20 U 19 U NA NA NA
Di-n-octyl phthalate µg/kg 6,200 20 U 19 U NA NA NA

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration

RA-06-041-
060123-G

RA-06-042-
060123-G1

0-10 cm 0-10 cm
1/23/20061/23/2006

Minimum 
Detected 

Concentration
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Station RA-06-041 RA 6 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration

RA-06-041-
060123-G

RA-06-042-
060123-G1

0-10 cm 0-10 cm
1/23/20061/23/2006

Minimum 
Detected 

Concentration

Phenol µg/kg 420 20 U 19 U NA NA NA
2-Methylphenol µg/kg 63 20 U 19 U NA NA NA
3- & 4-Methylphenol µg/kg 670 20 U 19 U NA NA NA
2,4-Dimethylphenol µg/kg 29 20 U 19 U NA NA NA
Pentachlorophenol µg/kg 360 98 U 97 U NA NA NA
Benzyl alcohol µg/kg 73 20 UJ 19 U NA NA NA
Benzoic acid µg/kg 650 200 U 190 UJ NA NA NA
1,2-Dichlorobenzene µg/kg 50 20 U 19 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 20 U 19 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 20 U 19 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 20 U 19 U NA NA NA
Hexachlorobenzene µg/kg 22 0.98 U 0.94 U NA NA NA
Dibenzofuran µg/kg 540 20 U 19 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.98 U 0.94 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 20 U 19 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 2 U 1.9 U NA NA NA
p,p'-DDE µg/kg 9 2 U 1.9 U NA NA NA
p,p'-DDT µg/kg 34 2 U 1.9 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U 20 U NA NA NA
PCB-1221 µg/kg NA 20 U 20 U NA NA NA
PCB-1232 µg/kg NA 20 U 20 U NA NA NA
PCB-1242 µg/kg NA 20 U 20 U NA NA NA
PCB-1248 µg/kg NA 20 U 20 U NA NA NA
PCB-1254 µg/kg NA 20 U 20 U NA NA NA
PCB-1260 µg/kg NA 20 U 20 U NA NA NA
PCBs (total) µg/kg 300 20 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated nume
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          value is an estimated quantity.
1       Sample is a field duplicate of Sample RA-06-041-060123-G. UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-6
Summary of RA 9 Cap Verification Sample Results

Station RA 9 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 690 400 3,000 400 3,000 1,300
Total Solids % NA 94.9 94.6 93.4 93.4 94.9 94.3

Metals
Arsenic mg/kg 57 5 U 6 5 U 6 6 6
Copper mg/kg 390 15 17.6 13.2 13.2 17.6 15
Lead mg/kg 450 3 2 2 2 3 2.3
Zinc mg/kg 410 28 27.8 27.8 27.8 28 28
Mercury mg/kg 0.59 0.04 U 0.04 U 0.04 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 20 U 20 U 19 U NA NA NA
Acenaphthene µg/kg 500 20 U 20 U 19 U NA NA NA
Acenaphthylene µg/kg 1,300 20 U 20 U 19 U NA NA NA
Anthracene µg/kg 960 20 U 20 U 19 U NA NA NA
Fluorene µg/kg 540 20 U 20 U 19 U NA NA NA
Naphthalene µg/kg 2,100 20 U 20 U 19 U NA NA NA
Phenanthrene µg/kg 1,500 20 U 20 U 12 J 12 12 12
Total LPAH µg/kg 5,200 20 U 20 U 12 J 12 12 12

HPAHs
Benzo(a)anthracene µg/kg 1,600 20 U 12 J 10 J 10 12 11
Benzo(a)pyrene µg/kg 1,600 20 U 12 J 16 J 12 16 14
Benzofluoranthenes (total) µg/kg 3,600 20 U 11 J 13 J 11 13 12
Benzo(g,h,i)perylene µg/kg 720 20 U 20 U 19 U NA NA NA
Chrysene µg/kg 2,800 20 U 15 J 12 J 12 15 14
Dibenzo(a,h)anthracene µg/kg 230 20 U 20 U 19 U NA NA NA
Fluoranthene µg/kg 2,500 20 U 18 J 22 18 22 20
Indeno(1,2,3-cd)pyrene µg/kg 690 20 U 20 U 19 U NA NA NA
Pyrene µg/kg 3,300 10 J 24 67 10 67 34
Total HPAH µg/kg 17,000 10 J 92 J 140 J 10 140 81

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 20 U 20 U 19 U NA NA NA
Diethylphthalate µg/kg 200 20 U 20 U 19 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 40 31 U 41 U 40 40 40
Butyl benzyl phthalate µg/kg 900 20 U 20 U 19 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 20 U 36 U 120 U NA NA NA
Di-n-octyl phthalate µg/kg 6,200 20 U 20 U 19 U NA NA NA

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm

RA-09-013-
051214-G

12/14/2005 12/14/200512/14/2005

Minimum 
Detected 

Concentration

RA-09-011 RA-09-012 RA-09-013

RA-09-011-
051214-G

RA-09-012-
051214-G
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Station RA 9 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm

RA-09-013-
051214-G

12/14/2005 12/14/200512/14/2005

Minimum 
Detected 

Concentration

RA-09-011 RA-09-012 RA-09-013

RA-09-011-
051214-G

RA-09-012-
051214-G

Phenol µg/kg 420 20 U 20 U 19 U NA NA NA
2-Methylphenol µg/kg 63 20 U 20 U 19 U NA NA NA
3- & 4-Methylphenol µg/kg 670 20 U 20 U 19 U NA NA NA
2,4-Dimethylphenol µg/kg 29 20 U 20 U 19 U NA NA NA
Pentachlorophenol µg/kg 360 98 U 98 U 97 U NA NA NA
Benzyl alcohol µg/kg 73 20 U 20 U 19 U NA NA NA
Benzoic acid µg/kg 650 200 U 200 U 190 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 20 U 20 U 19 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 20 U 20 U 19 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 20 U 20 U 19 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 20 U 20 U 19 U NA NA NA
Hexachlorobenzene µg/kg 22 0.97 U 0.98 U 0.98 U NA NA NA
Dibenzofuran µg/kg 540 20 U 20 U 19 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.97 U 0.98 U 0.98 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 20 U 20 U 19 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 1.9 U 2 U 2 U NA NA NA
p,p'-DDE µg/kg 9 1.9 U 2 U 2 U NA NA NA
p,p'-DDT µg/kg 34 1.9 U 2 U 2 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1221 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1232 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1242 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1248 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1254 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1260 µg/kg NA 20 U 20 U 20 U NA NA NA
PCBs (total) µg/kg 300 20 U 20 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          numerical value is an estimated quantity.

UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-7
Summary of RA 16 Cap Verification Sample Results

Station RA-16-020 RA-16-024 RA 16 Statistics

Sample ID RA-16-020-
051019-G

RA-16-022-
051019-G1

RA-16-024-
051024-G

RA-16-025-
051024-G2

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA       1,700      2,400 530 J      1,200 530 2,400 1,500
Total Solids % NA 90.4 89 91.1 89 89 91.1 90

Metals
Arsenic mg/kg 57 0.65 J 0.78 J 0.59 J 2.1 J 0.59 2.1 1.0
Copper mg/kg 390 10 9.4 10 12 9.4 12 10
Lead mg/kg 450 2.7 3.8 1.3 J 1.6 J 1.3 3.8 2.4
Zinc mg/kg 410 24 B 23 B 23 J 24 J 23 24 23.5
Mercury mg/kg 0.59 0.019 U 0.011 J 0.019 U 0.018 U 0.011 0.011 0.011

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 2.8 2.9 0.73 J 0.69 J 0.69 2.9 1.8
Acenaphthene µg/kg 500 3.4 5.7 0.64 J 0.64 J 0.64 5.7 2.6
Acenaphthylene µg/kg 1,300 2.4 3.2 0.51 J 2.2 U 0.51 3.2 2.0
Anthracene µg/kg 960 7.8 9.5 1.3 J 1.8 J 1.3 9.5 5.1
Fluorene µg/kg 540 2.6 5 0.63 J 0.85 J 0.63 5 2.3
Naphthalene µg/kg 2,100 6.9  B 7.3 2.8 3.1 2.8 7.3 5.0
Phenanthrene µg/kg 1,500 13 12 2.8 3.1 2.8 13 7.7
Total LPAH µg/kg 5,200 39 46 9 J 10 J 9 46 26

HPAHs
Benzo(a)anthracene µg/kg 1,600 14 9.6 2.8 2.5 2.5 14 7
Benzo(a)pyrene µg/kg 1,600 13 J 10 J 2.1 U 2.2 U 10 13 11.5
Benzofluoranthenes (total) µg/kg 3,600 19 11 5.4 3.9 J 3.9 19 10
Benzo(g,h,i)perylene µg/kg 720 8.2 J 4.6 J 2.1 U 2.2 U 4.6 8.2 6.4
Chrysene µg/kg 2,800 14 11 3 2.3 2.3 14 7.6
Dibenzo(a,h)anthracene µg/kg 230 2.3 J 1.3 J 2.1 U 2.2 U 1.3 2.3 1.8
Fluoranthene µg/kg 2,500 30 26 5.2 4 4 30 16
Indeno(1,2,3-cd)pyrene µg/kg 690 9 J 5.8 J 2.1 U 2.6 2.6 9 5.8
Pyrene µg/kg 3,300 2.1 UJ 2.2 UJ 6.6 5.2 5.2 6.6 5.9
Total HPAH µg/kg 17,000 110 J 79 J 27.6 24.6 J 24.6 110 60

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 11 U 11 U 11 U 11 U NA NA NA
Diethylphthalate µg/kg 200 11 U 11 U 11 UJ 11 UJ NA NA NA
Di-n-butyl phthalate µg/kg 1,400 7.9 J 8.9 J 21 U 3.7 J 3.7 8.9 6.8
Butyl benzyl phthalate µg/kg 900 7.2 J 8.6 J 11 U 11 U 7.2 8.6 7.9
Bis(2-ethylhexyl)phthalate µg/kg 1,300 22 26 21 UJ 22 UJ 22 26 24
Di-n-octyl phthalate µg/kg 6,200 1.8 J 22 U 21 U 5.3 J 1.8 5.3 3.55
Phenol µg/kg 420 5.3 UJ 5.5 UJ 5.4 U 5.5 U NA NA NA
2-Methylphenol µg/kg 63 5.3 U 0.53 J 5.4 U 5.5 U 0.53 0.53 0.53

Average 
Detected 

Concentration

Maximum 
Detected 

Concentration10/24/200510/19/2005 10/19/2005 10/24/2005

Minimum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm 0-10 cm

Parameter
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Station RA-16-020 RA-16-024 RA 16 Statistics

Sample ID RA-16-020-
051019-G

RA-16-022-
051019-G1

RA-16-024-
051024-G

RA-16-025-
051024-G2

Sample Date
Sample Depth

Units SQO

Average 
Detected 

Concentration

Maximum 
Detected 

Concentration10/24/200510/19/2005 10/19/2005 10/24/2005

Minimum 
Detected 

Concentration
0-10 cm 0-10 cm 0-10 cm 0-10 cm

Parameter

3- & 4-Methylphenol µg/kg 670 1.6 J 5.5 U 5.4 U 5.5 U 1.6 1.6 1.6
2,4-Dimethylphenol µg/kg 29 0.37 J 2.2 U 2.1 U 2.2 U 0.37 0.37 0.37
Pentachlorophenol µg/kg 360 11 U 11 U 11 U 11 U NA NA NA
Benzyl alcohol µg/kg 73 5.3 U 5.5 U 5.4 U 5.5 U NA NA NA
Benzoic acid µg/kg 650 64 UJ 66 UJ 64 U 66 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 5.3 U 5.5 U 5.4 U 5.5 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 5.3 U 5.5 U 5.4 U 5.5 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 5.3 U 5.5 U 5.4 U 5.5 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 5.3 U 5.5 U 5.4 U 5.5 U NA NA NA
Hexachlorobenzene µg/kg 22 1.3 U 0.99 U 1 U 1.1 U NA NA NA
Dibenzofuran µg/kg 540 1.2 J 1.5 J 0.48 J 0.46 J 0.46 1.5 0.9
Hexachlorobutadiene µg/kg 11 1.3 U 0.99 U 1 U 1.1 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 1.8 J 0.78 J 5.4 U 5.5 U 0.78 1.8 1.3

Pesticides
p,p'-DDD µg/kg 16 0.38 J 0.22 J 2 U 2.2 U 0.22 0.38 0.30
p,p'-DDE µg/kg 9 2.5 U 2 U 2 U 2.2 U NA NA NA
p,p'-DDT µg/kg 34 0.66 J 0.35 J 2 U 2.2 U 0.35 0.66 0.51

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCB-1221 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCB-1232 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCB-1242 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCB-1248 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCB-1254 µg/kg NA 3 J 2.3 J 54 U 55 U 2.3 3 2.7
PCB-1260 µg/kg NA 49 U 48 U 54 U 55 U NA NA NA
PCBs (total) µg/kg 300 3 J 2.3 J 54 U 55 U 2.3 3 2.7

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          estimated quantity.
1          Sample is a field duplicate of Sample RA-16-020-051019-G. UJ    The analyte was not detected at or above the estimated numerical value.
2          Sample is a field duplicate of Sample RA-16-024-051024-G.
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Table 2-8
Summary of RA 17 Cap Verification Sample Results

Station RA-17-021 RA-17-031 RA 17 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 940 660 460 460 940 690
Total Solids % NA 94.3 96.7 96.7 94.3 96.7 95.9

Metals
Arsenic mg/kg 57 5 U 5 U 5 U NA NA NA
Copper mg/kg 390 14.4 18.1 J 12.9 J 12.9 18.1 15.1
Lead mg/kg 450 2 2 2 U 2 2 2
Zinc mg/kg 410 27.2 J 40.7 J 26.8 J 26.8 40.7 31.6
Mercury mg/kg 0.59 0.04 U 0.05 U 0.05 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 19 U 20 U 19 U NA NA NA
Acenaphthene µg/kg 500 19 U 20 U 19 U NA NA NA
Acenaphthylene µg/kg 1,300 19 U 20 U 19 U NA NA NA
Anthracene µg/kg 960 19 U 20 U 19 U NA NA NA
Fluorene µg/kg 540 19 U 20 U 19 U NA NA NA
Naphthalene µg/kg 2,100 19 U 20 U 19 U NA NA NA
Phenanthrene µg/kg 1,500 19 U 20 U 19 U NA NA NA
Total LPAH µg/kg 5,200 19 U 20 U 19 U NA NA NA

HPAHs
Benzo(a)anthracene µg/kg 1,600 19 U 20 U 19 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 19 U 20 U 19 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 19 U 20 U 19 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 19 U 20 U 19 U NA NA NA
Chrysene µg/kg 2,800 19 U 20 U 19 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 19 U 20 U 19 U NA NA NA
Fluoranthene µg/kg 2,500 19 U 20 U 19 U NA NA NA
Indeno(1,2,3-cd)pyrene µg/kg 690 19 U 20 U 19 U NA NA NA
Pyrene µg/kg 3,300 19 U 20 U 19 U NA NA NA
Total HPAH µg/kg 17,000 19 U 20 U 19 U NA NA NA

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 19 U 20 U 19 U NA NA NA
Diethylphthalate µg/kg 200 19 U 20 U 19 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 18 UJB 20 U 19 U NA NA NA
Butyl benzyl phthalate µg/kg 900 19 U 20 U 19 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 19 U 20 U 19 U NA NA NA
Di-n-octyl phthalate µg/kg 6,200 19 U 20 U 19 U NA NA NA

Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm

RA-17-032-
060206-G1 Minimum 

Detected 
Concentration2/6/2006

RA-17-021-
060123-G

RA-17-031-
060206-GParameter

0-10 cm 0-10 cm
1/23/2006 2/6/2006
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Station RA-17-021 RA-17-031 RA 17 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm

RA-17-032-
060206-G1 Minimum 

Detected 
Concentration2/6/2006

RA-17-021-
060123-G

RA-17-031-
060206-GParameter

0-10 cm 0-10 cm
1/23/2006 2/6/2006

Phenol µg/kg 420 19 U 20 U 19 U NA NA NA
2-Methylphenol µg/kg 63 19 U 20 U 19 U NA NA NA
3- & 4-Methylphenol µg/kg 670 19 U 20 U 19 U NA NA NA
2,4-Dimethylphenol µg/kg 29 19 U 20 UJ 19 UJ NA NA NA
Pentachlorophenol µg/kg 360 97 U 98 U 97 U NA NA NA
Benzyl alcohol µg/kg 73 19 UJ 20 U 19 U NA NA NA
Benzoic acid µg/kg 650 190 U 200 U 190 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 19 U 20 U 19 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 19 U 20 U 19 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 19 U 20 U 19 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 19 U 20 U 19 U NA NA NA
Hexachlorobenzene µg/kg 22 0.98 U 1 U 0.97 U NA NA NA
Dibenzofuran µg/kg 540 19 U 20 U 19 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.98 U 1 U 0.97 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 19 U 20 U 19 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 2 U 2 U 2 U NA NA NA
p,p'-DDE µg/kg 9 2 U 2 U 2 U NA NA NA
p,p'-DDT µg/kg 34 2 U 2 U 2 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1221 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1232 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1242 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1248 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1254 µg/kg NA 20 U 20 U 20 U NA NA NA
PCB-1260 µg/kg NA 20 U 20 U 20 U NA NA NA
PCBs (total) µg/kg 300 20 U 20 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          estimated quantity.
1       Sample is a field duplicate of Sample RA-17-031-060206-G. UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-9
Summary of RA 18 Cap Verification Sample Results

Station RA-18-021 RA-18-022 RA 18 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 1,440 1,050 1,050 1,440 1,250
Total Solids % NA 96.5 92.6 92.6 96.5 94.6

Metals
Arsenic mg/kg 57 5 U 5 U NA NA NA
Copper mg/kg 390 22 14.9 14.9 22 19
Lead mg/kg 450 3 3 3 3 3
Zinc mg/kg 410 28.7 28.4 28.4 28.7 28.6
Mercury mg/kg 0.59 0.04 U 0.04 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 20 U 20 U NA NA NA
Acenaphthene µg/kg 500 20 U 20 U NA NA NA
Acenaphthylene µg/kg 1,300 20 U 20 U NA NA NA
Anthracene µg/kg 960 20 U 20 U NA NA NA
Fluorene µg/kg 540 20 U 20 U NA NA NA
Naphthalene µg/kg 2,100 20 U 20 U NA NA NA
Phenanthrene µg/kg 1,500 20 U 20 U NA NA NA
Total LPAH µg/kg 5,200 20 U 20 U NA NA NA

HPAHs
Benzo(a)anthracene µg/kg 1,600 20 U 20 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 20 U 20 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 20 U 20 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 20 U 20 U NA NA NA
Chrysene µg/kg 2,800 20 U 20 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 20 U 20 U NA NA NA
Fluoranthene µg/kg 2,500 20 U 20 U NA NA NA
Indeno(1,2,3-cd)pyrene µg/kg 690 20 U 20 U NA NA NA
Pyrene µg/kg 3,300 20 U 20 U NA NA NA
Total HPAH µg/kg 17,000 20 U 20 U NA NA NA

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 20 U 20 U NA NA NA
Diethylphthalate µg/kg 200 20 U 20 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 20 U 20 U NA NA NA
Butyl benzyl phthalate µg/kg 900 20 U 20 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 20 U 20 U NA NA NA
Di-n-octyl phthalate µg/kg 6,200 20 U 20 U NA NA NA
Phenol µg/kg 420 20 U 20 U NA NA NA

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration

RA-18-021-
060120-G

RA-18-022-
060120-G

0-10 cm 0-10 cm
1/20/20061/20/2006

Minimum 
Detected 

Concentration
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Station RA-18-021 RA-18-022 RA 18 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration

RA-18-021-
060120-G

RA-18-022-
060120-G

0-10 cm 0-10 cm
1/20/20061/20/2006

Minimum 
Detected 

Concentration

2-Methylphenol µg/kg 63 20 U 20 U NA NA NA
3- & 4-Methylphenol µg/kg 670 20 U 20 U NA NA NA
2,4-Dimethylphenol µg/kg 29 20 U 20 U NA NA NA
Pentachlorophenol µg/kg 360 97 U 98 U NA NA NA
Benzyl alcohol µg/kg 73 20 U 20 U NA NA NA
Benzoic acid µg/kg 650 200 U 200 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 20 U 20 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 20 U 20 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 20 U 20 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 20 U 20 U NA NA NA
Hexachlorobenzene µg/kg 22 0.99 U 0.99 U NA NA NA
Dibenzofuran µg/kg 540 20 U 20 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.99 U 0.99 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 20 U 20 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 2 U 2 U NA NA NA
p,p'-DDE µg/kg 9 2 U 2 U NA NA NA
p,p'-DDT µg/kg 34 2 U 2 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U 20 U NA NA NA
PCB-1221 µg/kg NA 20 U 20 U NA NA NA
PCB-1232 µg/kg NA 20 U 20 U NA NA NA
PCB-1242 µg/kg NA 20 U 20 U NA NA NA
PCB-1248 µg/kg NA 20 U 20 U NA NA NA
PCB-1254 µg/kg NA 20 U 20 U NA NA NA
PCB-1260 µg/kg NA 20 U 20 U NA NA NA
PCBs (total) µg/kg 300 20 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          numerical value is an estimated quantity.

UJ   The analyte was not detected at or above the estimated numerical value.

Annual Operations, Maintenance, and Monitoring Report - Year 0
Table 2-9 Summary of RA 18 Cap Verification Sample Results.xls Page 2 of 2



Table 2-10
Summary of RA 19A Cap Verification Sample Results

Station RA-19A-026 RA-19A-027 RA-19A-028 RA-19A-029 RA-19A-030 RA-19A-031 RA-19A-032 RA-19A-034 RA 19A Statistics

Sample ID RA-19A-026-
051012-G

RA-19A-027-
051012-G

RA-19A-028-
051012-G

RA-19A-029-
051012-G

RA-19A-030-
051012-G

RA-19A-031-
051012-G

RA-19A-032-
051012-G

Sample Date
Sample Depth
Units SQO

Conventionals
Total Organic Carbon mg/kg NA 570         10,000         12,000           9,100           9,400         12,000         17,000 1,100 J 67 J 67 17,000 7,915
Total Solids % NA 96.4 83 79 83 85 77 66 96.9 97.4 66 97.4 85

Metals
Arsenic mg/kg 57 1.3 J 2.4 J 0.6 J 1.8 J 1.6 J 4.9 J 5.1 J 5 U 5 U 0.6 5.1 2.5
Copper mg/kg 390 8.4 22 20 27 15 52 54 14.3 14.3 8.4 54 25
Lead mg/kg 450 2.3 32 19 26 14 63 69 3 2 2 69 26
Zinc mg/kg 410 23 48 35 63 27 94 110 29.5 27.7 23 110 57
Mercury mg/kg 0.59 0.018 U 0.11 0.089 0.11 0.055 0.11 0.26 0.04 U 0.04 U 0.055 0.26 0.12

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 2.1 UJ 10 J 14 J 8.8 J 24 J 22 J 60 J 20 U 19 U 8.8 60 23
Acenaphthene µg/kg 500 2.1 U 12 14 8.8 22 31 150 20 U 19 U 8.8 150 40
Acenaphthylene µg/kg 1,300 2.1 U 8.7 7.8 6.5 11 13 39 20 U 19 U 6.5 39 14
Anthracene µg/kg 960 1 J 24 30 26 42 45 220 20 U 19 U 1 220 55
Fluorene µg/kg 540 0.6 J 12 15 9.1 20 24 94 20 U 19 U 0.6 94 25
Naphthalene µg/kg 2,100 2 J 32 J 51 J 35 J 86 J 78 J 190 J 20 U 19 U 2 190 68
Phenanthrene µg/kg 1,500 2.1 U 46 57 33 75 99 420 20 U 19 U 33 420 122
Total LPAH µg/kg 5,200 4 J 145 J 189 J 127 J 280 J 312 J           1,173 J 20 U 19 U 4 1,173 318

HPAHs
Benzo(a)anthracene µg/kg 1,600 1.8 J 49 56 32 65 76 200 20 U 19 U 1.8 200 69
Benzo(a)pyrene µg/kg 1,600 4.1 50 55 35 70 77 190 20 U 19 U 4.1 190 69
Benzofluoranthenes (total) µg/kg 3,600 3.7 J 92 100 52 110 120 260 20 U 19 U 3.7 260 105
Benzo(g,h,i)perylene µg/kg 720 2.1 U 26 2.5 U 21 35 36 76 20 U 19 U 21 76 39.0
Chrysene µg/kg 2,800 2.2 55 59 35 72 79 220 20 U 19 U 2.2 220 75
Dibenzo(a,h)anthracene µg/kg 230 2.1 U 6.3 2.5 U 5.8 8.1 9.4 21 20 U 19 U 5.8 21 10.0
Fluoranthene µg/kg 2,500 2.8 99 110 55 110 120 360 12 J 19 U 2.8 360 109
Indeno(1,2,3-cd)pyrene µg/kg 690 2.1 U 3.3 2.5 U 4 3.8 4.2 7.1 20 U 19 U 3.3 7.1 3.9
Pyrene µg/kg 3,300 3.1 100 120 61 130 150 420 16 J 19 U 3.1 420 125
Total HPAH µg/kg 17,000 18 J 481 500 301 604 672 U           1,754 28 J 19 U 18 1,754 550

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 10 U 1 J 1.5 J 12 U 1.7 J 13 3.7 J 20 U 19 U 1 13 4.2
Diethylphthalate µg/kg 200 10 U 12 U 12 U 12 U 12 U 13 U 2.5 J 20 U 19 U 2.5 2.5 2.5
Di-n-butyl phthalate µg/kg 1,400 21 U 8.3 J 8.2 J 6.1 J 8.9 J 7.2 J 8.9 J 20 U 19 U 6.1 8.9 7.9
Butyl benzyl phthalate µg/kg 900 10 U 12 24 13 35 29 23 20 U 19 U 12 35 23
Bis(2-ethylhexyl)phthalate µg/kg 1,300 11 J 23 U 25 U 23 U 23 U 26 U 30 U 40 JB 39 JB 11 40 27
Di-n-octyl phthalate µg/kg 6,200 21 U 23 U 25 U 23 U 23 U 26 U 30 U 20 U 19 U NA NA NA
Phenol µg/kg 420 5.2 UJ 3.5 J 5.3 J 5.8 UJ 5.1 J 6.4 UJ 19 J 20 U 19 U 3.5 19 8.2
2-Methylphenol µg/kg 63 5.2 UJ 5.9 UJ 6.1 UJ 5.8 UJ 5.8 UJ 6.4 UJ 2.1 J 20 U 19 U 2.1 2.1 2.1
3- & 4-Methylphenol µg/kg 670 5.2 UJ 11 J 11 J 9.9 J 7.5 J 6.3 J 31 J 20 U 19 U 6.3 31 13
2,4-Dimethylphenol µg/kg 29 2.1 U 3 3.4 1.6 J 4.1 2.6 U 3 U 20 U 19 U 1.6 4.1 3.0
Pentachlorophenol µg/kg 360 10 U 12 U 12 U 12 U 12 U 13 U 15 U 98 U 95 U NA NA NA
Benzyl alcohol µg/kg 73 5.2 U 5.9 U 1.2 J 5.8 U 1.1 J 1.8 J 7.5 U 20 UJ 19 UJ 1.1 1.8 1.4
Benzoic acid µg/kg 650 62 UJ 70 UJ 74 UJ 70 UJ 70 UJ 77 UJ 90 UJ 200 U 190 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 5.2 UJ 5.9 UJ 6.1 UJ 5.8 UJ 5.8 UJ 6.4 UJ 7.5 UJ 20 U 19 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 5.2 UJ 5.9 UJ 6.1 UJ 5.8 UJ 5.8 UJ 6.4 UJ 7.5 UJ 20 U 19 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 5.2 U 7.5 8 2.8 J 3 J 1 J 1.2 J 20 U 19 U 1 8 4
1,2,4-Trichlorobenzene µg/kg 51 5.2 UJ 5.9 UJ 6.1 UJ 5.8 UJ 5.8 UJ 6.4 UJ 7.5 UJ 20 U 19 U NA NA NA

Parameter

RA-19A-035-
060104-G1

1/4/2006 1/4/2006
0-10 cm 0-10 cm

10/12/2005 10/12/2005 10/12/2005 10/12/2005
0-10 cm 0-10 cm 0-10 cm 0-10 cm

Maximum 
Detected 

Concentration

Minimum 
Detected 

Concentration

Average 
Detected 

Concentration10/12/2005
0-10 cm

10/12/2005
0-10 cm

10/12/2005
0-10 cm

RA-19A-034-
060104-G
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Station RA-19A-026 RA-19A-027 RA-19A-028 RA-19A-029 RA-19A-030 RA-19A-031 RA-19A-032 RA-19A-034 RA 19A Statistics

Sample ID RA-19A-026-
051012-G

RA-19A-027-
051012-G

RA-19A-028-
051012-G

RA-19A-029-
051012-G

RA-19A-030-
051012-G

RA-19A-031-
051012-G

RA-19A-032-
051012-G

Sample Date
Sample Depth
Units SQO

Parameter

RA-19A-035-
060104-G1

1/4/2006 1/4/2006
0-10 cm 0-10 cm

10/12/2005 10/12/2005 10/12/2005 10/12/2005
0-10 cm 0-10 cm 0-10 cm 0-10 cm

Maximum 
Detected 

Concentration

Minimum 
Detected 

Concentration

Average 
Detected 

Concentration10/12/2005
0-10 cm

10/12/2005
0-10 cm

10/12/2005
0-10 cm

RA-19A-034-
060104-G

Hexachlorobenzene µg/kg 22 1 U 0.18 J 0.25 J 0.2 J 0.28 J 0.27 J 0.61 J 1 U 0.95 U 0.18 0.61 0.3
Dibenzofuran µg/kg 540 0.4 J 5.6 J 6.7 3.4 J 9.1 6.5 17 20 U 19 U 0.4 17 7.0
Hexachlorobutadiene µg/kg 11 1 U 0.8 U 0.87 U 0.79 U 0.86 U 0.91 U 1.3 U 1 U 0.95 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 5.2 U 5.9 U 6.1 U 5.8 U 5.8 U 6.4 U 7.5 U 20 U 19 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 2 U 2.1 1.8 1.2 J 1.4 J 2.2 5.7 2 U 1.9 U 1.2 5.7 2.4
p,p'-DDE µg/kg 9 2 U 1.9 1.5 J 1.2 J 1.2 J 2 4.9 2 U 1.9 U 1.2 4.9 2.1
p,p'-DDT µg/kg 34 2 UJ 3.7 J 3.9 J 2.7 J 3.3 J 4.3 J 9.1 J 2 U 1.9 U 2.7 9.1 4.5

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCB-1221 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCB-1232 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCB-1242 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCB-1248 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCB-1254 µg/kg NA 49 U 29 J 28 J 17 J 19 J 32 J 78 20 U 19 U 17 78 34
PCB-1260 µg/kg NA 49 U 56 U 62 U 57 U 56 U 64 U 73 U 20 U 19 U NA NA NA
PCBs (total) µg/kg 300 49 U 29 J 28 J 17 J 19 J 32 J 78 20 U 19 U 17 78 34

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quantity.
HPAH  High molecular weight polycyclic aromatic hydrocarbons. UJ    The analyte was not detected at or above the estimated numerical value.
1           Sample is a field duplicate of Sample RA-19A-034-060104-G.
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Table 2-11
Summary of RA 19B Cap Verification Sample Results

Station RA-19B-010 RA-19B-011 RA 19B Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 840 J 760 J 760 840 800
Total Solids % NA 96.3 96.6 96.3 96.6 96.5

Metals
Arsenic mg/kg 57 5 U 5 U NA NA NA
Copper mg/kg 390 13.9 14.6 13.9 14.6 14.3
Lead mg/kg 450 2 2 2 2 2
Zinc mg/kg 410 28.5 30.3 28.5 30.3 29.4
Mercury mg/kg 0.59 0.04 U 0.04 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 19 U 20 U NA NA NA
Acenaphthene µg/kg 500 19 U 20 U NA NA NA
Acenaphthylene µg/kg 1,300 19 U 20 U NA NA NA
Anthracene µg/kg 960 19 U 20 U NA NA NA
Fluorene µg/kg 540 19 U 20 U NA NA NA
Naphthalene µg/kg 2,100 19 U 20 U NA NA NA
Phenanthrene µg/kg 1,500 19 U 20 U NA NA NA
Total LPAH µg/kg 5,200 19 U 20 U NA NA NA

HPAHs
Benzo(a)anthracene µg/kg 1,600 19 U 20 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 19 U 20 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 19 U 20 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 19 U 20 U NA NA NA
Chrysene µg/kg 2,800 19 U 20 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 19 U 20 U NA NA NA
Fluoranthene µg/kg 2,500 13 J 13 J 13 13 13
Indeno(1,2,3-cd)pyrene µg/kg 690 19 U 20 U NA NA NA
Pyrene µg/kg 3,300 12 J 11 J 11 12 11.5
Total HPAH µg/kg 17,000 25 J 24 J 24 25 24.5

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 19 U 20 U NA NA NA
Diethylphthalate µg/kg 200 19 U 12 UJ NA NA NA
Di-n-butyl phthalate µg/kg 1,400 19 U 20 U NA NA NA
Butyl benzyl phthalate µg/kg 900 19 U 20 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 60 JB 73 JB 60 73 67
Di-n-octyl phthalate µg/kg 6,200 19 U 9.8 J 9.8 9.8 9.8

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm

Minimum 
Detected 

Concentration
0-10 cm

RA-19B-010-
060104-G

RA-19B-011-
060104-G

1/4/2006 1/4/2006
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Station RA-19B-010 RA-19B-011 RA 19B Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter
Average 
Detected 

Concentration

Maximum 
Detected 

Concentration
0-10 cm

Minimum 
Detected 

Concentration
0-10 cm

RA-19B-010-
060104-G

RA-19B-011-
060104-G

1/4/2006 1/4/2006

Phenol µg/kg 420 19 U 20 U NA NA NA
2-Methylphenol µg/kg 63 19 U 20 U NA NA NA
3- & 4-Methylphenol µg/kg 670 19 U 20 U NA NA NA
2,4-Dimethylphenol µg/kg 29 19 U 20 U NA NA NA
Pentachlorophenol µg/kg 360 97 U 98 U NA NA NA
Benzyl alcohol µg/kg 73 19 UJ 20 UJ NA NA NA
Benzoic acid µg/kg 650 190 U 200 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 19 U 20 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 19 U 20 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 19 U 20 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 19 U 20 U NA NA NA
Hexachlorobenzene µg/kg 22 0.97 U 0.98 U NA NA NA
Dibenzofuran µg/kg 540 19 U 20 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.97 U 0.98 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 19 U 20 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 1.9 U 2 U NA NA NA
p,p'-DDE µg/kg 9 1.9 U 2 U NA NA NA
p,p'-DDT µg/kg 34 1.9 U 2 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 19 U 20 U NA NA NA
PCB-1221 µg/kg NA 19 U 20 U NA NA NA
PCB-1232 µg/kg NA 19 U 20 U NA NA NA
PCB-1242 µg/kg NA 19 U 20 U NA NA NA
PCB-1248 µg/kg NA 19 U 20 U NA NA NA
PCB-1254 µg/kg NA 19 U 20 U NA NA NA
PCB-1260 µg/kg NA 19 U 20 U NA NA NA
PCBs (total) µg/kg 300 19 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          numerical value is an estimated quantity.

UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-12
Summary of RA 20 Cap Verification Sample Results

Station RA-20-021 RA-20-022 RA-20-023 RA-20-024 RA 20 Statistics

Sample ID RA-20-021-
060104-G

RA-20-022-
060104-G

RA-20-023-
060116-G

RA-20-025-
060116-G1

RA-20-024-
060116-G

Sample Date
Sample Depth
Units SQO

Conventionals
Total Organic Carbon mg/kg NA 470 J 450 J 1,290 680 550 450 1,290 688
Total Solids % NA 95.5 96.6 92.2 91.1 95.5 91.1 96.6 94.2

Metals
Arsenic mg/kg 57 5 U 5 U 5 U 5 U 5 U NA NA NA
Copper mg/kg 390 12 11.6 13.4 12.6 13.3 11.6 13.4 12.6
Lead mg/kg 450 2 U 2 U 3 3 2 2 3 2.7
Zinc mg/kg 410 22.9 25 24.8 J 27.3 J 26.8 J 22.9 27.3 25.4
Mercury mg/kg 0.59 0.04 U 0.04 U 0.04 U 0.05 U 0.05 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 20 U 19 U 19 U 20 U 19 U NA NA NA
Acenaphthene µg/kg 500 20 U 19 U 19 U 20 U 19 U NA NA NA
Acenaphthylene µg/kg 1,300 20 U 19 U 19 U 20 U 19 U NA NA NA
Anthracene µg/kg 960 20 U 19 U 19 U 20 U 19 U NA NA NA
Fluorene µg/kg 540 20 U 19 U 19 U 20 U 19 U NA NA NA
Naphthalene µg/kg 2,100 20 U 19 U 19 U 20 U 19 U NA NA NA
Phenanthrene µg/kg 1,500 20 U 19 U 19 U 20 U 19 U NA NA NA
Total LPAH µg/kg 5,200 20 U 19 U 19 U 20 U 19 U NA NA NA

HPAHs
Benzo(a)anthracene µg/kg 1,600 20 U 19 U 19 U 20 U 19 U NA NA NA
Benzo(a)pyrene µg/kg 1,600 20 U 19 U 19 U 20 U 19 U NA NA NA
Benzofluoranthenes (total) µg/kg 3,600 20 U 19 U 19 U 20 U 19 U NA NA NA
Benzo(g,h,i)perylene µg/kg 720 20 U 19 U 19 U 20 U 19 U NA NA NA
Chrysene µg/kg 2,800 20 U 19 U 19 U 20 U 19 U NA NA NA
Dibenzo(a,h)anthracene µg/kg 230 20 U 19 U 19 U 20 U 19 U NA NA NA
Fluoranthene µg/kg 2,500 20 U 19 U 19 U 20 U 19 U NA NA NA
Indeno(1,2,3-cd)pyrene µg/kg 690 20 U 19 U 19 U 20 U 19 U NA NA NA
Pyrene µg/kg 3,300 20 U 19 U 19 U 20 U 19 U NA NA NA
Total HPAH µg/kg 17,000 20 U 19 U 19 U 20 U 19 U NA NA NA

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 20 U 19 U 19 U 20 U 19 U NA NA NA
Diethylphthalate µg/kg 200 20 U 19 U 19 U 20 U 19 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 20 U 19 U 300 UB 300 UB 300 UB NA NA NA
Butyl benzyl phthalate µg/kg 900 20 U 19 U 19 U 20 U 19 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 28 UB 31 UB 53 33 19 U 33 53 43
Di-n-octyl phthalate µg/kg 6,200 20 U 19 U 19 U 20 U 19 U NA NA NA

Parameter
1/16/2006

0-10 cm 0-10 cm 0-10 cm 0-10 cm
1/4/2006 1/4/2006 1/16/2006

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration1/16/2006
0-10 cm

Minimum 
Detected 

Concentration
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Station RA-20-021 RA-20-022 RA-20-023 RA-20-024 RA 20 Statistics

Sample ID RA-20-021-
060104-G

RA-20-022-
060104-G

RA-20-023-
060116-G

RA-20-025-
060116-G1

RA-20-024-
060116-G

Sample Date
Sample Depth
Units SQO

Parameter
1/16/2006

0-10 cm 0-10 cm 0-10 cm 0-10 cm
1/4/2006 1/4/2006 1/16/2006

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration1/16/2006
0-10 cm

Minimum 
Detected 

Concentration

Phenol µg/kg 420 20 U 19 U 19 U 20 U 19 U NA NA NA
2-Methylphenol µg/kg 63 20 U 19 U 19 U 20 U 19 U NA NA NA
3- & 4-Methylphenol µg/kg 670 20 U 19 U 19 U 20 U 19 U NA NA NA
2,4-Dimethylphenol µg/kg 29 20 U 19 U 19 U 20 U 19 U NA NA NA
Pentachlorophenol µg/kg 360 97 U 96 U 96 U 98 U 95 U NA NA NA
Benzyl alcohol µg/kg 73 20 UJ 19 UJ 19 U 20 U 19 U NA NA NA
Benzoic acid µg/kg 650 200 U 190 U 190 U 200 U 190 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 20 U 19 U 19 U 20 U 19 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 20 U 19 U 19 U 20 U 19 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 20 U 19 U 19 U 20 U 19 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 20 U 19 U 19 U 20 U 19 U NA NA NA
Hexachlorobenzene µg/kg 22 0.97 U 0.96 U 0.96 U 0.98 U 0.96 U NA NA NA
Dibenzofuran µg/kg 540 20 U 19 U 19 U 20 U 19 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.97 U 0.96 U 0.96 U 0.98 U 0.96 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 20 U 19 U 19 U 20 U 19 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 1.9 U 1.9 U 1.9 U 2 U 1.9 U NA NA NA
p,p'-DDE µg/kg 9 1.9 U 1.9 U 1.9 U 2 U 1.9 U NA NA NA
p,p'-DDT µg/kg 34 1.9 U 1.9 U 1.9 U 2 U 1.9 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1221 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1232 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1242 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1248 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1254 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCB-1260 µg/kg NA 19 U 19 U 19 U 20 U 19 U NA NA NA
PCBs (total) µg/kg 300 19 U 19 U 19 U 20 U 19 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          numerical value is an estimated quantity.
1           Sample is a field duplicate of Sample RA-20-023-060116-G. UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-13
Summary of RA 21 Cap Verification Sample Results 

Station RA-21-021 RA-21-022 RA 21 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 1,260 J 860 6,530 860 6,530 2,880
Total Solids % NA 93.2 96 84.7 93.2 96 91

Metals
Arsenic mg/kg 57 5 U 5 U 6 U NA NA NA
Copper mg/kg 390 14 12.2 18.4 12.2 18.4 15
Lead mg/kg 450 2 U 2 4 2 4 3
Zinc mg/kg 410 28 26.4 27.8 26.4 28 27
Mercury mg/kg 0.59 0.04 U 0.05 U 0.04 U NA NA NA

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 19 U 20 U 20 U NA NA NA
Acenaphthene µg/kg 500 19 U 20 U 20 U NA NA NA
Acenaphthylene µg/kg 1,300 19 U 20 U 20 U NA NA NA
Anthracene µg/kg 960 19 U 20 U 20 U NA NA NA
Fluorene µg/kg 540 19 U 20 U 20 U NA NA NA
Naphthalene µg/kg 2,100 19 U 20 U 20 U NA NA NA
Phenanthrene µg/kg 1,500 19 U 20 U 13 J 13 13 13
Total LPAH µg/kg 5,200 19 U 20 U 13 J 13 13 13

HPAHs
Benzo(a)anthracene µg/kg 1,600 19 U 20 U 13 J 13 13 13
Benzo(a)pyrene µg/kg 1,600 19 U 20 U 15 J 15 15 15
Benzofluoranthenes (total) µg/kg 3,600 19 U 20 U 28 28 28 28
Benzo(g,h,i)perylene µg/kg 720 19 U 20 U 13 J 13 13 13
Chrysene µg/kg 2,800 19 U 20 U 20 20 20 20
Dibenzo(a,h)anthracene µg/kg 230 19 U 20 U 20 U NA NA NA
Fluoranthene µg/kg 2,500 19 U 20 U 28 28 28 28
Indeno(1,2,3-cd)pyrene µg/kg 690 19 U 20 U 12 J 12 12 12
Pyrene µg/kg 3,300 19 U 20 U 32 32 32 32
Total HPAH µg/kg 17,000 19 U 20 U 161 J 161 161 161

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 19 U 20 U 20 U NA NA NA
Diethylphthalate µg/kg 200 19 U 20 U 20 U NA NA NA
Di-n-butyl phthalate µg/kg 1,400 19 U 20 U 20 U NA NA NA
Butyl benzyl phthalate µg/kg 900 19 U 20 U 20 U NA NA NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 35 JB 20 U 66 35 66 51
Di-n-octyl phthalate µg/kg 6,200 19 U 20 U 20 U NA NA NA

Parameter
Maximum 
Detected 

Concentration

Average 
Detected 

Concentration

RA-21-023

0-10 cm

RA-21-023-
060120-G
1/20/2006

Minimum 
Detected 

Concentration

RA-21-021-
060104-G

RA-21-022-
060120-G

0-10 cm 0-10 cm
1/20/20061/4/2006
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Station RA-21-021 RA-21-022 RA 21 Statistics

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter
Maximum 
Detected 

Concentration

Average 
Detected 

Concentration

RA-21-023

0-10 cm

RA-21-023-
060120-G
1/20/2006

Minimum 
Detected 

Concentration

RA-21-021-
060104-G

RA-21-022-
060120-G

0-10 cm 0-10 cm
1/20/20061/4/2006

Phenol µg/kg 420 19 U 20 U 20 U NA NA NA
2-Methylphenol µg/kg 63 19 U 20 U 20 U NA NA NA
3- & 4-Methylphenol µg/kg 670 19 U 20 U 20 U NA NA NA
2,4-Dimethylphenol µg/kg 29 19 U 20 U 20 U NA NA NA
Pentachlorophenol µg/kg 360 97 U 99 U 98 U NA NA NA
Benzyl alcohol µg/kg 73 19 UJ 20 U 20 U NA NA NA
Benzoic acid µg/kg 650 190 U 200 U 200 U NA NA NA
1,2-Dichlorobenzene µg/kg 50 19 U 20 U 20 U NA NA NA
1,3-Dichlorobenzene µg/kg 170 19 U 20 U 20 U NA NA NA
1,4-Dichlorobenzene µg/kg 110 19 U 20 U 20 U NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 19 U 20 U 20 U NA NA NA
Hexachlorobenzene µg/kg 22 0.96 U 1 U 0.99 U NA NA NA
Dibenzofuran µg/kg 540 19 U 20 U 20 U NA NA NA
Hexachlorobutadiene µg/kg 11 0.96 U 1 U 0.99 U NA NA NA
N-Nitrosodiphenylamine µg/kg 28 19 U 20 U 20 U NA NA NA

Pesticides
p,p'-DDD µg/kg 16 1.9 U 2 U 2 U NA NA NA
p,p'-DDE µg/kg 9 1.9 U 2 U 2 U NA NA NA
p,p'-DDT µg/kg 34 1.9 U 2 U 2 U NA NA NA

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1221 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1232 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1242 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1248 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1254 µg/kg NA 19 U 20 U 20 U NA NA NA
PCB-1260 µg/kg NA 19 U 20 U 20 U NA NA NA
PCBs (total) µg/kg 300 19 U 20 U 20 U NA NA NA

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Applicable. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated
HPAH  High molecular weight polycyclic aromatic hydrocarbons.          numerical value is an estimated quantity.

UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-14
Summary of RA 22 Cap Verification Sample Results

Station

Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 720 J
Total Solids % NA 97.9

Metals
Arsenic mg/kg 57 5 U
Copper mg/kg 390 15.1
Lead mg/kg 450 2 U
Zinc mg/kg 410 34.5
Mercury mg/kg 0.59 0.04 U

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 19 U
Acenaphthene µg/kg 500 19 U
Acenaphthylene µg/kg 1,300 19 U
Anthracene µg/kg 960 19 U
Fluorene µg/kg 540 19 U
Naphthalene µg/kg 2,100 19 U
Phenanthrene µg/kg 1,500 19 U
Total LPAH µg/kg 5,200 19 U

HPAHs
Benzo(a)anthracene µg/kg 1,600 19 U
Benzo(a)pyrene µg/kg 1,600 19 U
Benzofluoranthenes (total) µg/kg 3,600 19 U
Benzo(g,h,i)perylene µg/kg 720 19 U
Chrysene µg/kg 2,800 19 U
Dibenzo(a,h)anthracene µg/kg 230 19 U
Fluoranthene µg/kg 2,500 9.8 J
Indeno(1,2,3-cd)pyrene µg/kg 690 19 U
Pyrene µg/kg 3,300 19 U
Total HPAH µg/kg 17,000 9.8 J

Parameter

0-10 cm
1/4/2006

RA-22-021
RA-22-021-
060104-G
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Station

Sample ID

Sample Date
Sample Depth

Units SQO

Parameter

0-10 cm
1/4/2006

RA-22-021
RA-22-021-
060104-G

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 19 U
Diethylphthalate µg/kg 200 19 U
Di-n-butyl phthalate µg/kg 1,400 19 U
Butyl benzyl phthalate µg/kg 900 19 U
bis(2-ethylhexyl)phthalate µg/kg 1,300 57 JB
Di-n-octyl phthalate µg/kg 6,200 19 U
Phenol µg/kg 420 19 U
2-Methylphenol µg/kg 63 19 U
3- & 4-Methylphenol µg/kg 670 19 U
2,4-Dimethylphenol µg/kg 29 19 U
Pentachlorophenol µg/kg 360 96 U
Benzyl alcohol µg/kg 73 19 UJ
Benzoic acid µg/kg 650 190 U
1,2-Dichlorobenzene µg/kg 50 19 U
1,3-Dichlorobenzene µg/kg 170 19 U
1,4-Dichlorobenzene µg/kg 110 19 U
1,2,4-Trichlorobenzene µg/kg 51 19 U
Hexachlorobenzene µg/kg 22 0.96 U
Dibenzofuran µg/kg 540 19 U
Hexachlorobutadiene µg/kg 11 0.96 U
N-Nitrosodiphenylamine µg/kg 28 19 U Notes:

Pesticides SQO    Sediment Quality Objective.
p,p'-DDD µg/kg 16 1.9 U Not 
p,p'-DDE µg/kg 9 1.9 U LPAH   Low molecular weight polycyclic aromatic hydrocarbons.
p,p'-DDT µg/kg 34 1.9 U HPAH  High molecular weight polycyclic aromatic hydrocarbons.

Polychlorinated Biphenyls (PCBs) Qualifiers:
PCB-1016 µg/kg NA 19 U U     The analyte was not detected at or above the identified numerical value
PCB-1221 µg/kg NA 19 U B     The analyte was detected in the associated method blank.
PCB-1232 µg/kg NA 19 U J      The analyte was analyzed for and positively identified, but the associate
PCB-1242 µg/kg NA 19 U          numerical value is an estimated quantity.
PCB-1248 µg/kg NA 19 U UJ    The analyte was not detected at or above the estimated numerical valu
PCB-1254 µg/kg NA 19 U
PCB-1260 µg/kg NA 19 U
PCBs (total) µg/kg 300 19 U
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RA-02-006-041022-G
RA-02-004-041022-G (dup)

RA-02-007 RA-02-007-041022-G
RA-02-008 RA-02-008-041022-G
RA-02-009 RA-02-009-041022-G
RA-04-005 RA-04-005-041115-G
RA-04-006 RA-04-006-041115-G
RA-04-007 RA-04-007-041115-G
RA-04-008 RA-04-008-041115-G

RA-04-009-041229-G
RA-04-012-041229-G (dup)

RA-04-010 RA-04-010-041229-G
RA-04-011 RA-04-011-041229-G
NR-06 NR-06-Y0-D
NR-07 NR-07-Y0-D

Post-dredge, No Cap or Backfill 9/23/2005 RA-05-002 RA-05-002-050923-G CR - 2094 (November 4, 2005)
RA-05-009-051215-G
RA-05-010-051215-G (dup)

RA-06-014 RA-06-014-051215-G
RA-06-015 RA-06-015-051215-G

Remedial Action Modification Sampling 
in RA5, RA6, and RA7 6/29/2005 RA-07-001 RA-07-001-050629-G CR - 1902 (August 11, 2005)

Supplmental Baseline Natural Recovery 
Area Sampling 10/23/2006 NR-16 NR-16-Y0-D

Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

Area at the Mouth of 
the Wheeler-Osgood 

Waterway

Supplmental Baseline Natural Recovery 
Area Sampling

Summary of Baseline Natural 
Recovery Sample Results for the 
Area at the Mouth of the Wheeler-
Osgood Waterway

2-20 10/23/2006 NR-17 NR-17-Y0-D
Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

SR-10 SR-10-Y0-D
SR-11-Y0-D
SR-11-Y0-D4

SR-13 SR-13-Y0-D
NR-19 NR-19-Y0-D

NR-20-Y0-D

NR-20-Y0-D1

NR-25-Y0-D

NR-25-Y0-D1

Notes:  (dup) - Field duplicate sample   

Event Date Station Sample Report/Memorandum                 Area Sampling Event Type Results Table Name Table 
No.

Northern Portion
of RA 5

RA-06-001-050629-G
Northern Portion

of RA 6

2-17

2-18
12/15/2005

Remedial Action Modification 
Evaluation in RA5, RA6, and RA7 RA-06-001

Dredge Boundary Verification

6/29/2005

RA 2 Dredge Boundary Verification

CR - 2244 (January 23, 2006)

NR-11-Y0-DNR-11

CR - 1662 (January 20, 2005)

CR - 1591 (December 13, 2004)

12/29/2004

Summary of Baseline Natural 
Recovery and Enhanced Natural 
Recovery Sample Results for RA 7

RA 7 2-19

Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

Summary of Baseline Natural 
Recovery Sample Results for the 
Shoreline of the Wheeler-Osgood 
Waterway 

10/25/20062-21Supplmental Baseline Natural Recovery 
Area Sampling SR-11

Table 2-15
Summary of Natural Recovery Area Sampling Events Used as Baseline

Shoreline of the 
Wheeler-Osgood 

Waterway

NR-20

Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

Head of the Wheeler-
Osgood Waterway

Supplmental Baseline Natural Recovery 
Area Sampling 10/23/2006

Summary of  Baseline Natural 
Recovery Sample Results for the 
Head of the Wheeler-Osgood 
Waterway

2-22

NR-25Harbor Area Adjacent 
to RA 15 and RA 16

Supplmental Baseline Natural Recovery 
Area Sampling

Summary of Baseline Natural 
Recovery Sample Results for the 
Harbor Area Adjacent to RA 15 and 
RA 16 

2-23 10/24/2006
Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

Construction Correspondence 
Memorandum (CR) -1557 (December 9, 
2004)

CR - 1902 (August 11, 2005)

RA-04-009

Dredge Boundary Verification

RA 4 Dredge Boundary Verification, 
Offset Confirmation

RA 4 Dredge Boundary Verification

RA-02-006

RA-05-009

10/22/2004

2-16

12/15/2005

11/15/2004
Area North of 11th 

Street Bridge

Summary of Baseline Natural 
Recovery Sample Results for the 
Northern Portion of RA 5

Summary of Baseline Natural 
Recovery Sample Results for the 
Northern Portion of RA 6

Supplmental Baseline Natural Recovery 
Area Sampling 10/23/2006

Summary of Baseline Natural 
Recovery Sample Results for the 
Area North of 11th Street Bridge 

Preliminary Findings Memorandum
Supplemental Baseline Natural Recovery 
Monitoring (February 1, 2007)

CR - 2244 (January 23, 2006)
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Station RA-02-007 RA-02-008 RA-02-009 RA-04-005 RA-04-006
Sample ID RA-02-007-041022-G RA-02-008-041022-G RA-02-009-041022-G RA-04-005-041115-G RA-04-006-041115-G

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 23,500 NA 22,400 NA 29,000 NA 23,400 NA 26,800 NA   42,900   NA     25,700   NA
Total Solids % NA 51.59 NA 52.41 NA 45.44 NA 50.96 NA 44.97 NA 42.02 NA 55.38 NA

Metals
Antimony mg/kg 150 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Arsenic mg/kg 57 9.77 0.17 9.26 0.16 12.4 0.22 9.59 0.17 10.8 0.19 12.6 0.22 18 0.32
Cadmium mg/kg 5 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Copper mg/kg 390 77.1 J 0.20 71.3 J 0.18 90.4 J 0.23 70.9 J 0.18 91.8 J 0.24 113 0.29 83.8 0.21
Lead mg/kg 450 59 0.13 56.7 0.13 75.2 0.17 59.8 0.13 63 0.14 98.2 0.22 81 0.18
Nickel mg/kg 140 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Silver mg/kg 6 NA NA NA NA NA NA NA NA NA NA NA NA NA NA
Zinc mg/kg 410 86 0.21 85.2 0.21 106 0.26 84.5 0.21 101 0.25 124 B 0.30       2,870 B 7.0
Mercury mg/kg 0.59 0.161 0.27 0.169 0.29 0.207 0.35 0.224 0.38 0.234 0.40 0.194 0.33 0.187 0.32

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 15.6 0.02 14.8 0.02 11.9 0.02 18.8 0.03 15.6 0.02 4.46 J 0.01 12.5 0.02
Acenaphthene µg/kg 500 23.3 0.05 20.6 0.04 18.5 0.04 62.9 0.13 40.5 0.08 6.26 J 0.01 46 0.09
Acenaphthylene µg/kg 1,300 81.2 0.06 59.5 0.05 56.6 0.04 134 0.10 130 0.10 20.6 J 0.02 71.3 0.05
Anthracene µg/kg 960 249 0.26 122 0.13 79.5 0.08 218 0.23 212 0.22 48.4 J 0.05 161 0.17
Fluorene µg/kg 540 57.6 0.11 27.5 0.05 24.9 0.05 76.5 0.14 50.9 0.09 17.8 J 0.03 74.8 0.14
Naphthalene µg/kg 2,100 42.8 0.02 29.1 0.01 25.4 0.01 45.7 0.02 46.9 0.02 10.2 J 0.00 16.9 0.01
Phenanthrene µg/kg 1,500 388 0.26 139 0.09 100 0.07 266 0.18 249 0.17 86.5 J 0.06 300 0.20
Total LPAH µg/kg 5,200 858 0.16 413 0.08 317 0.06 822 0.16 745 0.14 194 J 0.04 683 0.13

HPAHs
Benzo(a)anthracene µg/kg 1,600 354 0.22 211 0.13 199 0.12 324 0.20 335 0.21 192 J 0.12 627 0.39
Benzo(a)pyrene µg/kg 1,600 318 0.20 204 0.13 229 0.14 327 0.20 335 0.21 4.72 UJ NA 3.6 U NA
Benzofluoranthenes (total) µg/kg 3,600 354 0.10 267 0.07 272 0.08 357 0.10 419 0.12 204 J 0.06       1,060 0.29
Benzo(g,h,i)perylene µg/kg 720 154 0.21 106 0.15 126 0.18 173 0.24 155 0.22 96.2 J 0.13 226 0.31
Chrysene µg/kg 2,800 359 0.13 220 0.08 223 0.08 338 0.12 380 0.14 160 J 0.06 636 0.23
Dibenzo(a,h)anthracene µg/kg 230 20.8 0.09 38.1 0.17 36.1 0.16 68.8 0.30 59.9 0.26 4.72 UJ NA 117 0.51
Fluoranthene µg/kg 2,500 498 0.20 314 0.13 249 0.10 431 0.17 485 0.19 94.3 J 0.04       1,310 0.52
Indeno(1,2,3-cd)pyrene µg/kg 690 129 0.19 86.6 0.13 105 0.15 129 0.19 133 0.19 102 J 0.15 510 0.74
Pyrene µg/kg 3,300 752 0.23 406 0.12 357 0.11 798 0.24 826 0.25 161 J 0.05       1,030 0.31
Total HPAH µg/kg 17,000 2,939 0.17 1,853 0.11 1,796 0.11 2,946 0.17 3,128 0.18     1,010 J 0.06       5,516 0.32

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 19.4 U NA 18.2 U NA 21.6 U NA 4.43 J 0.03 21.6 U NA 23.6 UJ NA 4.7 J 0.03
Diethylphthalate µg/kg 200 19.4 U NA 18.2 U NA 21.6 U NA 19 U NA 21.6 U NA 23.6 UJ NA 18 U NA
Di-n-butyl phthalate µg/kg 1,400 24.7 UJB NA 23 UB NA 15.1 UJB NA 16.8 UJB NA 20 UJB NA 13.3 UJB NA 27.8 UB NA
Butyl benzyl phthalate µg/kg 900 79.7 0.09 36.4 U NA 88.1 0.10 38 U NA 43.2 U NA 22.9 UJB NA 36 U NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 114 B 0.09 113 B 0.09 122 B 0.09 92.7 B 0.07 120 B 0.09 47.2 UJ NA 78.7 B 0.06
Di-n-octyl phthalate µg/kg 6,200 38.8 U NA 36.4 U NA 43.2 U NA 38 U NA 43.2 U NA 47.2 UJ NA 36 U NA
Phenol µg/kg 420 54.1 0.13 12.9 0.03 43.3 0.10 13.3 0.03 11.9 0.03 4.59 J 0.01 21.3 0.05
2-Methylphenol µg/kg 63 2.72 J 0.04 9.11 U NA 10.8 U NA 2.24 J 0.04 10.8 U NA 11.8 UJ NA 8.99 U NA
3- & 4-Methylphenol µg/kg 670 11.4 0.02 9.11 0.01 12 0.02 16.4 0.02 14 0.02 11.8 UJ NA 9.26 0.01
2,4-Dimethylphenol µg/kg 29 3.88 U NA 3.64 U NA 4.32 U NA 2.44 J 0.08 4.32 U NA 4.72 UJ NA 3.6 U NA
Pentachlorophenol µg/kg 360 19.4 U NA 18.2 U NA 21.6 U NA 19 U NA 21.6 U NA 23.6 UJ NA 18 U NA
Benzyl alcohol µg/kg 73 4.13 J 0.06 4.85 J 0.07 6.09 J 0.08 9.51 U NA 10.8 U NA 11.8 UJ NA 8.99 U NA
Benzoic acid µg/kg 650 116 U NA 109 U NA 130 U NA 114 U NA 130 U NA 142 UJ NA 108 U NA
1,2-Dichlorobenzene µg/kg 50 9.69 U NA 9.11 U NA 10.8 U NA 9.51 U NA 10.8 U NA 11.8 UJ NA 8.99 UJ NA
1,3-Dichlorobenzene µg/kg 170 9.69 U NA 9.11 U NA 10.8 U NA 9.51 U NA 10.8 U NA 11.8 UJ NA 8.99 UJ NA
1,4-Dichlorobenzene µg/kg 110 9.69 U NA 9.11 U NA 10.8 U NA 9.51 U NA 10.8 U NA 11.8 UJ NA 8.99 UJ NA

11/15/2004Parameter
RA-02-006-041022-G RA-02-004-041022-G1

RA-02-006

0-10 cm 0-10 cm
Enrichment 

Ratio
10/22/2004 10/22/2004

0-10 cm
11/15/2004

0-10 cm
10/22/2004 10/22/2004Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio0-10 cm

Table 2-16
Summary of Baseline Natural Recovery Sample Results for the Area North of 11th Street Bridge

0-10 cm 0-10 cm
10/22/2004
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Station RA-02-007 RA-02-008 RA-02-009 RA-04-005 RA-04-006
Sample ID RA-02-007-041022-G RA-02-008-041022-G RA-02-009-041022-G RA-04-005-041115-G RA-04-006-041115-G

Sample Date
Sample Depth

Units SQO

11/15/2004Parameter
RA-02-006-041022-G RA-02-004-041022-G1

RA-02-006

0-10 cm 0-10 cm
Enrichment 

Ratio
10/22/2004 10/22/2004

0-10 cm
11/15/2004

0-10 cm
10/22/2004 10/22/2004Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio
Enrichment 

Ratio0-10 cm0-10 cm 0-10 cm
10/22/2004

1,2,4-Trichlorobenzene µg/kg 51 9.69 U NA 9.11 U NA 10.8 U NA 9.51 U NA 10.8 U NA 11.8 UJ NA 8.99 UJ NA
Hexachlorobenzene µg/kg 22 3.84 U NA 3.78 U NA 4.18 U NA 3.85 U NA 4.18 U NA 3.71 U NA 3.37 U NA
Dibenzofuran µg/kg 540 6.72 J 0.01 6.72 J 0.01 6.27 J 0.01 11.4 0.02 10.9 0.02 3.27 J 0.01 21.8 0.04
Hexachlorobutadiene µg/kg 11 4.03 0.37 1.89 U NA 5.36 0.49 5.13 0.47 2.09 U NA 1.86 U NA 1.68 U NA
N-Nitrosodiphenylamine µg/kg 28 3.88 U NA 3.64 U NA 4.32 U NA 3.8 U NA 4.32 U NA 4.72 UJ NA 3.6 U NA

Pesticides
p,p'-DDD µg/kg 16 3.06 J 0.19 4.34 0.27 5.08 0.32 4.75 0.30 4.16 J 0.26 1.76 J 0.11 2.4 J 0.15
p,p'-DDE µg/kg 9 2.85 J 0.32 3.49 J 0.39 4.93 0.55 3.51 J 0.39 3.51 J 0.39 3.71 U NA 3.14 J 0.35
p,p'-DDT µg/kg 34 7.68 0.23 8.98 0.26 11.6 0.34 8.75 0.26 9.07 0.27 4.27 0.13 5.49 0.16

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 18.6 U NA 16.8 U NA
PCB-1221 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 18.6 U NA 16.8 U NA
PCB-1232 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 18.6 U NA 16.8 U NA
PCB-1242 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 18.6 U NA 16.8 U NA
PCB-1248 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 18.6 U NA 16.8 U NA
PCB-1254 µg/kg NA 16.1 U NA 15.6 U NA 17.5 U NA 16.3 U NA 17.8 U NA 31.6 NA 41.4 NA
PCB-1260 µg/kg NA 26.3 NA 22.4 NA 30.2 NA 21.5 NA 10.3 J NA 40.4 NA 34.6 NA
PCBs (total) µg/kg 300 26.3 0.09 22.4 0.07 30.2 0.10 21.5 0.07 10.3 J 0.03 72 0.24 76 0.25
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Station
Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA
Total Solids % NA

Metals
Antimony mg/kg 150
Arsenic mg/kg 57
Cadmium mg/kg 5
Copper mg/kg 390
Lead mg/kg 450
Nickel mg/kg 140
Silver mg/kg 6
Zinc mg/kg 410
Mercury mg/kg 0.59

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670
Acenaphthene µg/kg 500
Acenaphthylene µg/kg 1,300
Anthracene µg/kg 960
Fluorene µg/kg 540
Naphthalene µg/kg 2,100
Phenanthrene µg/kg 1,500
Total LPAH µg/kg 5,200

HPAHs
Benzo(a)anthracene µg/kg 1,600
Benzo(a)pyrene µg/kg 1,600
Benzofluoranthenes (total) µg/kg 3,600
Benzo(g,h,i)perylene µg/kg 720
Chrysene µg/kg 2,800
Dibenzo(a,h)anthracene µg/kg 230
Fluoranthene µg/kg 2,500
Indeno(1,2,3-cd)pyrene µg/kg 690
Pyrene µg/kg 3,300
Total HPAH µg/kg 17,000

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160
Diethylphthalate µg/kg 200
Di-n-butyl phthalate µg/kg 1,400
Butyl benzyl phthalate µg/kg 900
Bis(2-ethylhexyl)phthalate µg/kg 1,300
Di-n-octyl phthalate µg/kg 6,200
Phenol µg/kg 420
2-Methylphenol µg/kg 63
3- & 4-Methylphenol µg/kg 670
2,4-Dimethylphenol µg/kg 29
Pentachlorophenol µg/kg 360
Benzyl alcohol µg/kg 73
Benzoic acid µg/kg 650
1,2-Dichlorobenzene µg/kg 50
1,3-Dichlorobenzene µg/kg 170
1,4-Dichlorobenzene µg/kg 110

Parameter

RA-04-007 RA-04-008 RA-04-009 RA-04-010 RA-04-011
RA-04-007-041115-G RA-04-008-041115-G RA-04-009-041229-G RA-04-012-041229-G2 RA-04-010-041229-G RA-04-011-041229-G NR-06-Y0-D

   43,600   NA       47,200 NA NA NA NA NA NA NA NA NA 21,900 NA
43.29 NA 43.47 NA 53.16 NA 47.87 NA 62.1 NA 50.06 NA 47.7 NA

NA NA NA NA NA NA NA NA NA NA NA NA 6 U NA
11.8 0.21 16 0.28 NA NA NA NA NA NA NA NA 10.2 0.18
NA NA NA NA NA NA NA NA NA NA NA NA 0.926 0.18
120 0.31 135 0.35 NA NA NA NA NA NA NA NA 80.4 J 0.21
152 0.34 137 0.30 NA NA NA NA NA NA NA NA 55.8 0.12
NA NA NA NA NA NA NA NA NA NA NA NA 17.6 0.13
NA NA NA NA NA NA NA NA NA NA NA NA 0.22 U NA
166 B 0.40 163 B 0.40 130 0.32 130 0.32 53.9 0.13 106 0.26 102 0.25

0.227 0.38 0.238 0.40 NA NA NA NA NA NA NA NA 0.298 0.51

6.56 0.01 8.7 0.01 NA NA NA NA NA NA NA NA 160 0.24
11.5 0.02 14.3 0.03 NA NA NA NA NA NA NA NA 100 U NA
42.9 0.03 62.7 0.05 NA NA NA NA NA NA NA NA 100 U NA
57.1 0.06 75.1 0.08 NA NA NA NA NA NA NA NA 260 0.27
22.8 0.04 26.9 0.05 NA NA NA NA NA NA NA NA 110 0.20
10.9 0.01 12.9 0.01 NA NA NA NA NA NA NA NA 290 0.14
90.5 0.06 143 0.10 NA NA NA NA NA NA NA NA 510 0.34
242 0.05 344 0.07 NA NA NA NA NA NA NA NA 1,400 0.27

138 0.09 296 0.19 NA NA NA NA NA NA NA NA 500 0.31
385 0.24 426 0.27 NA NA NA NA NA NA NA NA 520 0.33
286 0.08 396 0.11 NA NA NA NA NA NA NA NA 1,100 0.31
118 0.16 135 0.19 NA NA NA NA NA NA NA NA 360 0.50
169 0.06 406 0.15 NA NA NA NA NA NA NA NA 620 0.22

18.5 0.08 60.6 0.26 NA NA NA NA NA NA NA NA 100 U NA
234 0.09 290 0.12 NA NA NA NA NA NA NA NA 810 0.32
109 0.16 127 0.18 NA NA NA NA NA NA NA NA 270 0.39
261 0.08 345 0.10 NA NA NA NA NA NA NA NA 1,800 0.55

     1,719 0.10         2,482 0.15 NA NA NA NA NA NA NA NA 6,100 0.36

22.1 U NA 22.1 U NA NA NA NA NA NA NA NA NA 10 0.06
22.1 U NA 22.1 U NA NA NA NA NA NA NA NA NA 100 U NA
22.9 UB NA 30.8 UB NA NA NA NA NA NA NA NA NA 100 U NA
44.2 U NA 86.9 B 0.10 NA NA NA NA NA NA NA NA 240 0.27
155 B 0.12 134 B 0.10 NA NA NA NA NA NA NA NA 730 0.56

31.8 J 0.01 44.2 U NA NA NA NA NA NA NA NA NA 100 U NA
11 U NA 9.44 J 0.02 NA NA NA NA NA NA NA NA 100 U NA
11 U NA 11.1 U NA NA NA NA NA NA NA NA NA 4 UJ NA

7.13 J 0.01 7.87 J 0.01 NA NA NA NA NA NA NA NA 100 U NA
4.42 U NA 4.42 U NA NA NA NA NA NA NA NA NA 18 J 0.62
22.1 U NA 22.1 U NA NA NA NA NA NA NA NA NA 4 UJ NA
13.8 0.19 11.1 U NA NA NA NA NA NA NA NA NA 69 UJ NA
132 U NA 133 U NA NA NA NA NA NA NA NA NA 170 UJ NA
11 UJ NA 11.1 UJ NA NA NA NA NA NA NA NA NA 4 U NA
11 UJ NA 11.1 UJ NA NA NA NA NA NA NA NA NA 4 U NA
11 UJ NA 11.1 UJ NA NA NA NA NA NA NA NA NA 11 0.10

NR-06 

11/15/2004 11/15/2004
0-10 cm 0-10 cm 0-10 cm

12/29/2004 12/29/2004 12/29/2004 10/23/2006
0 to 10 cm

Enrichment 
Ratio

Enrichment 
Ratio

Enrichment 
Ratio0-10 cm 0-10 cm

12/29/2004 Enrichment 
Ratio

Enrichment 
Ratio0-10 cm

Enrichment 
Ratio

Enrichment 
Ratio
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Station
Sample ID

Sample Date
Sample Depth

Units SQO

Parameter

1,2,4-Trichlorobenzene µg/kg 51
Hexachlorobenzene µg/kg 22
Dibenzofuran µg/kg 540
Hexachlorobutadiene µg/kg 11
N-Nitrosodiphenylamine µg/kg 28

Pesticides
p,p'-DDD µg/kg 16
p,p'-DDE µg/kg 9
p,p'-DDT µg/kg 34

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA
PCB-1221 µg/kg NA
PCB-1232 µg/kg NA
PCB-1242 µg/kg NA
PCB-1248 µg/kg NA
PCB-1254 µg/kg NA
PCB-1260 µg/kg NA
PCBs (total) µg/kg 300

RA-04-007 RA-04-008 RA-04-009 RA-04-010 RA-04-011
RA-04-007-041115-G RA-04-008-041115-G RA-04-009-041229-G RA-04-012-041229-G2 RA-04-010-041229-G RA-04-011-041229-G NR-06-Y0-D

NR-06 

11/15/2004 11/15/2004
0-10 cm 0-10 cm 0-10 cm

12/29/2004 12/29/2004 12/29/2004 10/23/2006
0 to 10 cm

Enrichment 
Ratio

Enrichment 
Ratio

Enrichment 
Ratio0-10 cm 0-10 cm

12/29/2004 Enrichment 
Ratio

Enrichment 
Ratio0-10 cm

Enrichment 
Ratio

Enrichment 
Ratio

11 UJ NA 11.1 UJ NA NA NA NA NA NA NA NA NA 4 U NA
3.75 U NA 3.62 U NA NA NA NA NA NA NA NA NA 4 U NA

11 U NA 5.48 J 0.01 NA NA NA NA NA NA NA NA 100 U NA
1.87 U NA 1.81 U NA NA NA NA NA NA NA NA NA 4 U NA
4.42 U NA 4.42 U NA NA NA NA NA NA NA NA NA 17 0.61

1.68 J 0.11 2.11 J 0.13 NA NA NA NA NA NA NA NA 4 U NA
3.75 U NA 3.62 U NA NA NA NA NA NA NA NA NA 4 U NA
3.69 J 0.11 5.28 0.16 NA NA NA NA NA NA NA NA 4 U NA

18.7 U NA 18.1 U NA NA NA NA NA NA NA NA NA 20 U NA
18.7 U NA 18.1 U NA NA NA NA NA NA NA NA NA 20 U NA
18.7 U NA 18.1 U NA NA NA NA NA NA NA NA NA 20 U NA
18.7 U NA 18.1 U NA NA NA NA NA NA NA NA NA 20 U NA
18.7 U NA 18.1 U NA NA NA NA NA NA NA NA NA 20 U NA
27.9 NA 34.4 NA NA NA NA NA NA NA NA NA 150 J NA

23 NA 31 NA NA NA NA NA NA NA NA NA 20 U NA
50.9 0.17 65.4 0.22 NA NA NA NA NA NA NA NA 150 J 0.50
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Station
Sample ID

Sample Date
Sample Depth

Units SQO
Conventionals

Total Organic Carbon mg/kg NA
Total Solids % NA

Metals
Antimony mg/kg 150
Arsenic mg/kg 57
Cadmium mg/kg 5
Copper mg/kg 390
Lead mg/kg 450
Nickel mg/kg 140
Silver mg/kg 6
Zinc mg/kg 410
Mercury mg/kg 0.59

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670
Acenaphthene µg/kg 500
Acenaphthylene µg/kg 1,300
Anthracene µg/kg 960
Fluorene µg/kg 540
Naphthalene µg/kg 2,100
Phenanthrene µg/kg 1,500
Total LPAH µg/kg 5,200

HPAHs
Benzo(a)anthracene µg/kg 1,600
Benzo(a)pyrene µg/kg 1,600
Benzofluoranthenes (total) µg/kg 3,600
Benzo(g,h,i)perylene µg/kg 720
Chrysene µg/kg 2,800
Dibenzo(a,h)anthracene µg/kg 230
Fluoranthene µg/kg 2,500
Indeno(1,2,3-cd)pyrene µg/kg 690
Pyrene µg/kg 3,300
Total HPAH µg/kg 17,000

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160
Diethylphthalate µg/kg 200
Di-n-butyl phthalate µg/kg 1,400
Butyl benzyl phthalate µg/kg 900
Bis(2-ethylhexyl)phthalate µg/kg 1,300
Di-n-octyl phthalate µg/kg 6,200
Phenol µg/kg 420
2-Methylphenol µg/kg 63
3- & 4-Methylphenol µg/kg 670
2,4-Dimethylphenol µg/kg 29
Pentachlorophenol µg/kg 360
Benzyl alcohol µg/kg 73
Benzoic acid µg/kg 650
1,2-Dichlorobenzene µg/kg 50
1,3-Dichlorobenzene µg/kg 170
1,4-Dichlorobenzene µg/kg 110

Parameter

Area North of 11th Street Bridge Statistics
NR-07-Y0-D

22,600 NA 25,800 NA 21,900 47,200 29,600
46 NA 45.5 NA 42.0 62.1 49

6 U NA 6 U NA NA NA NA
9.83 0.17 11.4 0.20 9.26 18 12

0.897 0.18 1.17 0.23 0.897 1.17 0.998
83 J 0.21 96.8 J 0.25 70.9 135 93

51.4 0.11 69.2 0.15 51.4 152 80
15.7 0.11 18.7 0.13 15.7 18.7 17.3
0.2 U NA 0.22 U NA NA NA NA
109 0.27 130 0.32 53.9 2,870 284

0.317 0.54 0.407 0.69 0.161 0.407 0.239

150 0.22 150 0.22 4.46 160 47
100 U NA 100 U NA 6.26 62.9 27
100 U NA 100 U NA 20.6 134 80
210 0.22 230 0.24 48.4 260 160
100 U NA 110 0.20 17.8 110 58
260 0.12 270 0.13 10.2 290 88
470 0.31 560 0.37 86.5 560 275

1,200 0.23 1,400 0.27 194 1,400 718

450 0.28 550 0.34 138 627 348
510 0.32 620 0.39 204 620 387

1,100 0.31 1,400 0.39 204 1,400 601
330 0.46 400 0.56 96.2 400 198
620 0.22 700 0.25 160 700 403
100 U NA 100 U NA 18.5 117 52
770 0.31 900 0.36 94.3 1,310 532
270 0.39 300 0.43 86.6 510 189

1,800 0.55 2,400 0.73 161 2,400 911
5,800 0.34 7,300 0.43 1,010 7,300 3,549

16 0.10 18 0.11 4.43 18 11
100 U NA 100 U NA NA NA NA
100 U NA 100 U NA NA NA NA
290 0.32 480 0.53 79.7 480 211

1,000 0.77 2,000 1.54 78.7 2,000 424
100 U NA 100 U NA 31.8 31.8 31.8
100 U NA 100 U NA 4.59 54.1 21.4

4 UJ NA 4 UJ NA 2.24 2.72 2.48
100 U NA 100 U NA 7.13 16.4 10.9
18 J 0.62 19 J 0.66 2.44 19 14.4
76 0.21 4 UJ NA 76 76 76
75 U NA 81 UJ NA 4.13 13.8 7.2

170 UJ NA 190 UJ NA NA NA NA
4 U NA 4 U NA NA NA NA
4 U NA 4 U NA NA NA NA

15 0.14 21 0.19 11 21 16

Maximum 
Detected 

Concentration

Average Detected 
Concentration

NR-11-Y0-D

0 to 10 cm
Enrichment 

Ratio

NR-07 NR-11 
Minimum 
Detected 

Concentration
10/23/2006 10/23/2006
0 to 10 cm

Enrichment 
Ratio
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Station
Sample ID

Sample Date
Sample Depth

Units SQO

Parameter

1,2,4-Trichlorobenzene µg/kg 51
Hexachlorobenzene µg/kg 22
Dibenzofuran µg/kg 540
Hexachlorobutadiene µg/kg 11
N-Nitrosodiphenylamine µg/kg 28

Pesticides
p,p'-DDD µg/kg 16
p,p'-DDE µg/kg 9
p,p'-DDT µg/kg 34

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA
PCB-1221 µg/kg NA
PCB-1232 µg/kg NA
PCB-1242 µg/kg NA
PCB-1248 µg/kg NA
PCB-1254 µg/kg NA
PCB-1260 µg/kg NA
PCBs (total) µg/kg 300

Area North of 11th Street Bridge Statistics
NR-07-Y0-D Maximum 

Detected 
Concentration

Average Detected 
Concentration

NR-11-Y0-D

0 to 10 cm
Enrichment 

Ratio

NR-07 NR-11 
Minimum 
Detected 

Concentration
10/23/2006 10/23/2006
0 to 10 cm

Enrichment 
Ratio

4 U NA 4 U NA NA NA NA
4 U NA 4 U NA NA NA NA

100 U NA 100 U NA 3.27 21.8 9.07
4 U NA 4 U NA 4.03 5.36 4.84

13 0.46 12 0.43 12 17 14

4 U NA 4 U NA 1.68 5.08 3.26
4 U NA 4 U NA 2.85 4.93 3.57
4 U NA 4 U NA 3.69 11.6 7.2

20 U NA 20 U NA NA NA NA
20 U NA 20 U NA NA NA NA
20 U NA 20 U NA NA NA NA
20 U NA 20 U NA NA NA NA
20 U NA 20 U NA NA NA NA

140 J NA 200 J NA 27.9 200 89.3
20 U NA 20 U NA 10.3 40.4 26.6

140 J 0.47 200 J 0.67 10.3 200 72
Notes:

SQO    Sediment Quality Objective.
NA       Not Applicable
LPAH   Low molecular weight polycyclic aromatic hydrocarbons.
HPAH  High molecular weight polycyclic aromatic hydrocarbons.
If sample concentration is highlighted in red, concentration exceeds the SQO.
1    Sample is a field duplicate of Sample RA-02-006-041022-G.
2    Sample is a field duplicate of Sample RA-04-009-041229-G.

Qualifiers:
U     The analyte was not detected at or above the identified numerical value.
B     The analyte was detected in the associated method blank.
J      The analyte was analyzed for and positively identified, but the associated 
        numerical value is an estimated quantity.
UJ   The analyte was not detected at or above the estimated numerical value.
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Table 2-17
Summary of Baseline Natural Recovery Sample Results for the Northern Portion of RA 5

Station RA-05-002 RA-05-009 Northern Portion of RA 5 Statistics
Sample ID RA-05-002-050923-G

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO
Conventionals

Total Organic Carbon mg/kg NA    4,000   NA 2.96 NA 3.32 NA 2.96 4,000 1,300
Total Solids % NA 82.76 NA 49.4 NA 50 NA 49.4 83 61

Metals
Arsenic mg/kg 57 5.24 0.09 18 0.32 18 0.32 5.24 18 14
Copper mg/kg 390 71.6 0.18 125 0.32 122 0.31 71.6 125 106
Lead mg/kg 450 23.6 0.05 113 0.25 105 0.23 23.6 113 80.5
Zinc mg/kg 410 82.9 0.20 150 0.37 150 0.37 82.9 150 128
Mercury mg/kg 0.59 0.0711 0.12 0.41 0.69 0.45 0.76 0.0711 0.45 0.31

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 8.53 J 0.01 64 0.10 52 0.08 8.53 64 42
Acenaphthene µg/kg 500 14.4 J 0.03 64 0.13 47 0.09 14.4 64 42
Acenaphthylene µg/kg 1,300 9.24 J 0.01 150 0.12 98 0.08 9.24 150 86
Anthracene µg/kg 960 26.9 J 0.03 290 0.30 200 0.21 26.9 290 172
Fluorene µg/kg 540 17.2 J 0.03 60 0.11 51 0.09 17.2 60 43
Naphthalene µg/kg 2,100 23.7 J 0.01 130 0.06 100 0.05 23.7 130 84.6
Phenanthrene µg/kg 1,500 61.3 J 0.04 520 0.35 320 0.21 61.3 520 300
Total LPAH µg/kg 5,200 161 J 0.03     1,278 0.25 868 0.17 161 1,278 769

HPAHs
Benzo(a)anthracene µg/kg 1,600 34.6 J 0.02 720 0.45 420 0.26 34.6 720 392
Benzo(a)pyrene µg/kg 1,600 28.9 J 0.02 880 0.55 610 0.38 28.9 880 506
Benzofluoranthenes (total) µg/kg 3,600 43.3 J 0.01     2,400 0.67    1,550 0.43 43.3 2,400 1,331
Benzo(g,h,i)perylene µg/kg 720 18.1 J 0.03 340 0.47 260 0.36 18.1 340 206
Chrysene µg/kg 2,800 40.1 J 0.01     1,100 0.39 610 0.22 40.1 1,100 583
Dibenzo(a,h)anthracene µg/kg 230 10.1 J 0.04 84 0.37 68 0.30 10.1 84 54
Fluoranthene µg/kg 2,500 90 J 0.04     1,600 0.64 720 0.29 90 1,600 803
Indeno(1,2,3-cd)pyrene µg/kg 690 15.4 J 0.02 320 0.46 240 0.35 15.4 320 192
Pyrene µg/kg 3,300 110 J 0.03     1,600 0.48    1,000 0.30 110 1,600 903
Total HPAH µg/kg 17,000       391  J 0.02     9,044 0.53    5,478 0.32 391 9,044 4,971

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 12 UJ NA 28 NA 23 0.14 23 28 26
Diethylphthalate µg/kg 200 12 UJ NA 20 U NA 19 U NA NA NA NA
Di-n-butyl phthalate µg/kg 1,400 30.7 JB 0.02 60 JB 0.04 160 JB 0.11 30.7 160 84
Butyl benzyl phthalate µg/kg 900 17 J 0.02 390 0.43 350 0.39 17 390 252
Bis(2-ethylhexyl)phthalate µg/kg 1,300 31.7 JB 0.02     1,500 B 1.15    1,400 B 1.08 31.7 1,500 977
Di-n-octyl phthalate µg/kg 6,200 23.9 UJ NA 20 U NA 19 U NA NA NA NA
Phenol µg/kg 420 5.98 UJ NA 26 0.06 21 0.05 21 26 24
2-Methylphenol µg/kg 63 5.98 UJ NA 20 U NA 19 U NA NA NA NA
3- & 4-Methylphenol µg/kg 670 4.58 UJ NA 24 0.04 19 J 0.03 19 24 22
2,4-Dimethylphenol µg/kg 29 2.39 UJ NA 20 U NA 19 U NA NA NA NA

Average Detected 
ConcentrationParameter

0-10 cm
12/15/200512/15/2005

RA-05-010-051215-G1RA-05-009-051215-G
9/23/2005
0-10 cm 0-10 cm

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration
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Station RA-05-002 RA-05-009 Northern Portion of RA 5 Statistics
Sample ID RA-05-002-050923-G

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO

Average Detected 
ConcentrationParameter

0-10 cm
12/15/200512/15/2005

RA-05-010-051215-G1RA-05-009-051215-G
9/23/2005
0-10 cm 0-10 cm

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Pentachlorophenol µg/kg 360 18 J 0.05 99 U NA 97 U NA 18 18 18
Benzyl alcohol µg/kg 73 5.98 UJ NA 20 U NA 19 U NA NA NA NA
Benzoic acid µg/kg 650 71.7 UJ NA 56 J 0.09 190 U NA 56 56 56
1,2-Dichlorobenzene µg/kg 50 5.98 UJ NA 20 UJ NA 19 UJ NA NA NA NA
1,3-Dichlorobenzene µg/kg 170 5.98 UJ NA 20 U NA 19 U NA NA NA NA
1,4-Dichlorobenzene µg/kg 110 5.98 UJ NA 20 U NA 19 U NA NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 5.98 UJ NA 20 U NA 19 U NA NA NA NA
Hexachlorobenzene µg/kg 22 2.36 U NA 0.99 U NA 0.98 U NA NA NA NA
Dibenzofuran µg/kg 540 9.67 J 0.02 46 0.09 41 0.08 9.67 46 32
Hexachlorobutadiene µg/kg 11 1.18 U NA 0.99 U NA 0.98 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 2.39 UJ NA 20 U NA 19 U NA NA NA NA

Pesticides
p,p'-DDD µg/kg 16 1.12 J 0.07 6.4 0.40 6.3 0.39 1.12 6.4 4.6
p,p'-DDE µg/kg 9 1.06 J 0.12 6.9 U NA 6 U NA 1.06 1.06 1.06
p,p'-DDT µg/kg 34 1.77 J 0.05 12 U NA 9.8 U NA 1.77 1.77 1.77

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 11.5 U NA 20 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 11.5 U NA 20 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 11.5 U NA 20 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 11.5 U NA 20 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 11.5 U NA 36 NA 31 NA 31 36 34
PCB-1254 µg/kg NA 34.1 NA 120 NA 110 NA 34.1 120 88
PCB-1260 µg/kg NA 11.5 U NA 91 NA 85 NA 85 91 88
PCBs (total) µg/kg 300 34.1 0.11 247 0.82 226 0.75 34.1 247 169

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.           estimated quantity.
If sample concentration is highlighted in red, concentration exceeds the SQO. UJ    The analyte was not detected at or above the estimated numerical value.
1       Sample is a field duplicate of Sample RA-05-009-051215-G.
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Table 2-18
Summary of Baseline Natural Recovery Sample Results for the Northern Portion of RA 6

Station Northern Portion of RA 6 Statistics
Sample ID

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO
Conventionals

Total Organic Carbon mg/kg NA 31,600 NA 3.53 NA 3.12 NA 3.12 31,600 10,500
Total Solids % NA 56.32 NA 53.3 NA 55.9 NA 53.3 56.32 55.2

Metals
Arsenic mg/kg 57 4.28 J 0.08 13 0.23 11 0.19 4.28 13 9.4
Copper mg/kg 390 68.9 J 0.18 79 0.20 73.2 0.19 68.9 79 74
Lead mg/kg 450 72.5 J 0.16 71 0.16 64 0.14 64 72.5 69
Zinc mg/kg 410 103 J 0.25 104 0.25 98 0.24 98 104 102
Mercury mg/kg 0.59 0.241 J 0.41 0.34 0.58 0.32 0.54 0.241 0.34 0.30

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 22.4 0.03 62 0.09 58 0.09 22.4 62 47.47
Acenaphthene µg/kg 500 18.5 0.04 62 0.12 69 0.14 18.5 69 49.83
Acenaphthylene µg/kg 1,300 49.6 0.04 100 0.08 92 0.07 49.6 100 80.5
Anthracene µg/kg 960 84.4 J 0.09 210 0.22 200 0.21 84.4 210 165
Fluorene µg/kg 540 23.3 0.04 63 0.12 66 0.12 23.3 66 50.77
Naphthalene µg/kg 2,100 38.6 0.02 130 0.06 120 0.06 38.6 130 96.2
Phenanthrene µg/kg 1,500 144 J 0.10 350 0.23 360 0.24 144 360 285
Total LPAH µg/kg 5,200 381 J 0.07 977 0.19 965 0.19 381 977 774

HPAHs
Benzo(a)anthracene µg/kg 1,600 163 J 0.10 390 0.24 390 0.24 163 390 314
Benzo(a)pyrene µg/kg 1,600 171 J 0.11 530 0.33 500 0.31 171 530 400
Benzofluoranthenes (total) µg/kg 3,600 196 0.05     1,250 0.35      1,130 0.31 196 1,250 859
Benzo(g,h,i)perylene µg/kg 720 107 J 0.15 240 0.33 220 0.31 107 240 189
Chrysene µg/kg 2,800 191 J 0.07 530 0.19 480 0.17 191 530 400
Dibenzo(a,h)anthracene µg/kg 230 58.7 0.26 52 0.23 50 0.22 50 58.7 54
Fluoranthene µg/kg 2,500 283 J 0.11 710 0.28 670 0.27 283 710 554
Indeno(1,2,3-cd)pyrene µg/kg 690 76.9 J 0.11 210 0.30 190 0.28 76.9 210 159
Pyrene µg/kg 3,300 362 J 0.11 950 0.29 910 0.28 362 950 741
Total HPAH µg/kg 17,000 1,609 J 0.09     4,862   0.29      4,540 0.27 1,609 4,862 3,670

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 5.94 J 0.04 20 U NA 20 U NA 5.94 5.94 5.94
Diethylphthalate µg/kg 200 17.5 U NA 20 U NA 20 U NA NA NA NA
Di-n-butyl phthalate µg/kg 1,400 17.5 U NA 71 B NA 59 JB 0.04 59 71 65
Butyl benzyl phthalate µg/kg 900 74.3 0.08 400 0.44 400 0.44 74.3 400 291
Bis(2-ethylhexyl)phthalate µg/kg 1,300 131 J 0.10     1,100 B 0.85      1,300 B 1.00 131 1,300 844
Di-n-octyl phthalate µg/kg 6,200 34.9 U NA 29 0.00 20 U NA 29 29 29
Phenol µg/kg 420 12.6 0.03 20 U NA 20 U NA 12.6 12.6 12.6
2-Methylphenol µg/kg 63 8.73 U NA 20 U NA 20 U NA NA NA NA
3- & 4-Methylphenol µg/kg 670 11.6 0.02 20 0.03 16 J 0.02 11.6 20 16
2,4-Dimethylphenol µg/kg 29 3.49 U NA 20 U NA 20 U NA NA NA NA

Parameter
Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average Detected 
Concentration

0-10 cm 0-10 cm
12/15/200512/15/2005

RA-06-014
RA-06-014-051215-G

RA-06-015
RA-06-015-051215-G

6/29/2005
0-10 cm

RA-06-001-050629-G
RA-06-001
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Station Northern Portion of RA 6 Statistics
Sample ID

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO

Parameter
Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average Detected 
Concentration

0-10 cm 0-10 cm
12/15/200512/15/2005

RA-06-014
RA-06-014-051215-G

RA-06-015
RA-06-015-051215-G

6/29/2005
0-10 cm

RA-06-001-050629-G
RA-06-001

Pentachlorophenol µg/kg 360 17.5 U NA 98 U NA 97 U NA NA NA NA
Benzyl alcohol µg/kg 73 8.73 U NA 20 UJ NA 20 U NA NA NA NA
Benzoic acid µg/kg 650 105 UJ NA 53 J 0.08 47 J 0.07 47 53 50
1,2-Dichlorobenzene µg/kg 50 8.73 UJ NA 20 UJ NA 20 UJ NA NA NA NA
1,3-Dichlorobenzene µg/kg 170 8.73 UJ NA 20 U NA 20 U NA NA NA NA
1,4-Dichlorobenzene µg/kg 110 8.73 UJ NA 20 U NA 20 U NA NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 8.73 U NA 20 U NA 20 U NA NA NA NA
Hexachlorobenzene µg/kg 22 3.86 U NA 0.99 U NA 0.99 U NA NA NA NA
Dibenzofuran µg/kg 540 10.3 0.02 49 0.09 53 0.10 10.3 53 37.4
Hexachlorobutadiene µg/kg 11 1.93 U NA 0.99 U NA 0.99 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 3.49 U NA 20 U NA 20 U NA NA NA NA

Pesticides
p,p'-DDD µg/kg 16 3.93 0.25 5.1 0.32 4.6 0.29 3.93 5 4.5
p,p'-DDE µg/kg 9 1.86 J 0.21 2 U NA 2 U NA 1.86 1.86 1.86
p,p'-DDT µg/kg 34 7.47 0.22 7.8 U NA 6.5 U NA 7.47 7.47 7.47

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 19.3 U NA 20 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 19.3 U NA 20 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 19.3 U NA 20 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 19.3 U NA 20 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 19.3 U NA 24 J NA 19 J NA 19 24 22
PCB-1254 µg/kg NA 19.3 U NA 83 NA 68 NA 68 83 76
PCB-1260 µg/kg NA 96.2 NA 78 NA 54 NA 54 96.2 66
PCBs (total) µg/kg 300 96.2 0.32 185 J 0.62 141 J 0.47 96.2 185 141

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.           estimated quantity.

UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-19
Summary of Baseline Natural Recovery and Enhanced Natural Recovery Sample Results for RA 7

Station RA 7 Statistics
Sample ID NR-16-Y0-D

Sample Date Enrichment Enrichment
Sample Depth Ratio Ratio

Units SQO
Conventionals

Total Organic Carbon mg/kg NA         24,700 NA 21,600 NA 21,600 24,700 23,150
Total Solids % NA 50.35 NA 83.7 NA 50.35 83.7 67.0

Metals
   Antimony mg/kg 150 NA NA 0.76 U NA NA NA NA

Arsenic mg/kg 57 5.8 J 0.10 3.33 0.06 3.33 5.8 4.6
   Cadmium mg/kg 5.1 NA NA 0.238 0.05 0.238 0.238 0.238

Copper mg/kg 390 81.7 J 0.21 20.9 J 0.05 21 82 51
Lead mg/kg 450 76.9 J 0.17 7.95 0.02 7.95 76.9 42.4

   Nickel mg/kg 140 NA NA 13.3 0.10 13.3 13.3 13.3
   Silver mg/kg 6.1 NA NA 0.21 U NA NA NA NA

Zinc mg/kg 410 136 J 0.33 35.3 0.09 35.3 136 86
Mercury mg/kg 0.59 0.181 J 0.31 0.029 U NA 0.181 0.181 0.181

Semi-volatile Organic Compounds
LPAHs

2-Methylnaphthalene µg/kg 670 17 0.03 99 U NA 17 17 17
Acenaphthene µg/kg 500 33.4 0.07 99 U NA 33.4 33.4 33.4
Acenaphthylene µg/kg 1,300 91 0.07 99 U NA 91 91 91
Anthracene µg/kg 960 213 J 0.22 99 U NA 213 213 213
Fluorene µg/kg 540 37.5 0.07 99 U NA 37.5 37.5 37.5
Naphthalene µg/kg 2,100 28 0.01 99 U NA 28 28 28
Phenanthrene µg/kg 1,500 294 J 0.20 99 U NA 294 294 294
Total LPAH µg/kg 5,200 714 J 0.14 350 U NA 714 714 714

HPAHs
Benzo(a)anthracene µg/kg 1,600 364 J 0.23 99 U NA 364 364 364
Benzo(a)pyrene µg/kg 1,600 365 J 0.23 99 U NA 365 365 365
Benzofluoranthenes (total) µg/kg 3,600 362 0.10 99 0.03 99 362 231
Benzo(g,h,i)perylene µg/kg 720 165 J 0.23 99 U NA 165 165 165
Chrysene µg/kg 2,800 430 J 0.15 99 U NA 430 430 430
Dibenzo(a,h)anthracene µg/kg 230 60.4 0.26 99 U NA 60.4 60.4 60.4
Fluoranthene µg/kg 2,500 601 J 0.24 99 U NA 601 601 601
Indeno(1,2,3-cd)pyrene µg/kg 690 131 0.19 99 U NA 131 131 131
Pyrene µg/kg 3,300 851 J 0.26 99 U NA 851 851 851
Total HPAH µg/kg 17,000           3,329  J 0.20 450 U NA 3,329 3,329 3,329

Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 6.22 J 0.04 1.2 0.01 1.2 6.22 3.7
Diethylphthalate µg/kg 200 18.2 U NA 99 U NA NA NA NA
Di-n-butyl phthalate µg/kg 1,400 26.9 JB 0.02 99 U NA 26.9 26.9 26.9
Butyl benzyl phthalate µg/kg 900 102 0.11 99 U NA 102 102 102

Parameter
Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average Detected 
Concentration

0-10 cm
6/29/2005 10/23/2006

0-10 cm

NR-16 
RA-07-001-050629-G

RA-07-001
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Station RA 7 Statistics
Sample ID NR-16-Y0-D

Sample Date Enrichment Enrichment
Sample Depth Ratio Ratio

Units SQO

Parameter
Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average Detected 
Concentration

0-10 cm
6/29/2005 10/23/2006

0-10 cm

NR-16 
RA-07-001-050629-G

RA-07-001

Bis(2-ethylhexyl)phthalate µg/kg 1,300 181 J 0.14 230 0.18 181 230 206
Di-n-octyl phthalate µg/kg 6,200 36.4 U NA 99 U NA NA NA NA
Phenol µg/kg 420 113 0.27 99 U NA 113 113 113
2-Methylphenol µg/kg 63 9.11 U NA 1 UJ NA NA NA NA
3- & 4-Methylphenol µg/kg 670 8.45 J 0.01 99 U NA 8.45 8.45 8.45
2,4-Dimethylphenol µg/kg 29 3.64 U NA 1 UJ NA NA NA NA
Pentachlorophenol µg/kg 360 18.2 U NA 1 U NA NA NA NA
Benzyl alcohol µg/kg 73 9.11 U NA 20 U NA NA NA NA
Benzoic acid µg/kg 650 109 UJ NA 48 UJ NA NA NA NA
1,2-Dichlorobenzene µg/kg 50 9.11 UJ NA 1 U NA NA NA NA
1,3-Dichlorobenzene µg/kg 170 9.11 UJ NA 1 U NA NA NA NA
1,4-Dichlorobenzene µg/kg 110 9.11 UJ NA 1.2 0.01 1.2 1.2 1.2
1,2,4-Trichlorobenzene µg/kg 51 9.11 U NA 1 U NA NA NA NA
Hexachlorobenzene µg/kg 22 4.1 U NA 1 U NA NA NA NA
Dibenzofuran µg/kg 540 17.2 0.03 99 U NA 17.2 17.2 17.2
Hexachlorobutadiene µg/kg 11 2.05 U NA 1 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 3.64 U NA 2 0.07 2 2 2

Pesticides
p,p'-DDD µg/kg 16 1.82 J 0.11 1 U NA 1.82 1.82 1.82
p,p'-DDE µg/kg 9 2.1 J 0.23 1 U NA 2.1 2.1 2.1
p,p'-DDT µg/kg 34 3.52 J 0.10 1 U NA 3.52 3.52 3.52

Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1254 µg/kg NA 20.5 U NA 20 U NA NA NA NA
PCB-1260 µg/kg NA 47.1 NA 20 U NA 47.1 47.1 47.1
PCBs (total) µg/kg 300 47.1 0.16 20 U NA 47.1 47.1 47.1

Notes: Qualifiers:
SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated numerical value is an 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.           estimated quantity.

UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-20
 Summary of Baseline Natural Recovery Sample Results for the Area

at the Mouth of the Wheeler-Osgood Waterway 

Station
Sample ID

Sample Date Enrichment
Sample Depth Ratio

Units SQO
Conventionals
Total Organic Carbon mg/kg NA 46,600 NA
Total Solids % NA 62.8 NA
Metals
Antimony mg/kg 150 0.8 U NA
Arsenic mg/kg 57 4.75 0.08
Cadmium mg/kg 5.1 0.554 0.11
Copper mg/kg 390 62 J 0.16
Lead mg/kg 450 26.7 0.06
Nickel mg/kg 140 9.41 0.07
Silver mg/kg 6.1 0.22 U NA
Zinc mg/kg 410 65.6 0.16
Mercury mg/kg 0.59 0.032 U NA
Semi-volatile Organic Compounds
LPAHs
2-Methylnaphthalene µg/kg 670 410 0.61
Acenaphthene µg/kg 500 99 U NA
Acenaphthylene µg/kg 1,300 99 U NA
Anthracene µg/kg 960 520 0.54
Fluorene µg/kg 540 300 0.56
Naphthalene µg/kg 2,100 420 0.20
Phenanthrene µg/kg 1,500 1,300 0.87
Total LPAH µg/kg 5,200 3,000 0.58
HPAHs
Benzo(a)anthracene µg/kg 1,600 440 0.28
Benzo(a)pyrene µg/kg 1,600 380 0.24
Benzofluoranthenes (total) µg/kg 3,600 630 0.18
Benzo(g,h,i)perylene µg/kg 720 200 0.28
Chrysene µg/kg 2,800 580 0.21
Dibenzo(a,h)anthracene µg/kg 230 99 U NA
Fluoranthene µg/kg 2,500 1,000 0.40
Indeno(1,2,3-cd)pyrene µg/kg 690 160 0.23
Pyrene µg/kg 3,300 4,100 1.24
Total HPAH µg/kg 17,000 7,500 0.44
Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 4 U NA
Diethylphthalate µg/kg 200 99 U NA
Di-n-butyl phthalate µg/kg 1,400 99 U NA
Butyl benzyl phthalate µg/kg 900 99 U NA
Bis(2-ethylhexyl)phthalate µg/kg 1,300 330 0.25
Di-n-octyl phthalate µg/kg 6,200 99 U NA

Parameter

NR-17 
NR-17-Y0-D

10/23/2006
0 to 10 cm
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Station
Sample ID

Sample Date Enrichment
Sample Depth Ratio

Units SQO

Parameter

NR-17 
NR-17-Y0-D

10/23/2006
0 to 10 cm

Phenol µg/kg 420 99 U NA
2-Methylphenol µg/kg 63 4 UJ NA
3- & 4-Methylphenol µg/kg 670 99 U NA
2,4-Dimethylphenol µg/kg 29 21 J 0.72
Pentachlorophenol µg/kg 360 4 U NA
Benzyl alcohol µg/kg 73 42 U NA
Benzoic acid µg/kg 650 190 UJ NA
1,2-Dichlorobenzene µg/kg 50 4 U NA
1,3-Dichlorobenzene µg/kg 170 4 U NA
1,4-Dichlorobenzene µg/kg 110 6.3 0.06
1,2,4-Trichlorobenzene µg/kg 51 4 U NA
Hexachlorobenzene µg/kg 22 4 U NA
Dibenzofuran µg/kg 540 130 0.24
Hexachlorobutadiene µg/kg 11 4 U NA
N-Nitrosodiphenylamine µg/kg 28 18 0.64
Pesticides
4,4'-DDD µg/kg 16 4 U NA
4,4'-DDE µg/kg 9 4 U NA
4,4'-DDT µg/kg 34 4 U NA
Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U NA
PCB-1221 µg/kg NA 20 U NA
PCB-1232 µg/kg NA 20 U NA
PCB-1242 µg/kg NA 20 U NA
PCB-1248 µg/kg NA 20 U NA
PCB-1254 µg/kg NA 20 U NA
PCB-1260 µg/kg NA 20 U NA
PCBs (total) µg/kg 300 20 U NA
Notes:

SQO    Sediment Quality Objective.
NA       Not Available.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons.
HPAH  High molecular weight polycyclic aromatic hydrocarbons.
If sample concentration is highlighted in red, concentration exceeds the SQO.

Qualifiers:
U     The analyte was not detected at or above the identified numerical value.
B     The analyte was detected in the associated method blank.
J      The analyte was analyzed for and positively identified, but the associated 
        numerical value is an estimated quantity.
UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-21
Summary of Baseline Natural Recovery Sample Results for the Shoreline of the Wheeler-Osgood Waterway

Station
Shoreline of the Wheeler-Osgood Waterway 

Statistics 
Sample ID

Sample Date Enrichment Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio Ratio

Units SQO
Conventionals
Total Organic Carbon mg/kg NA 10,600 NA 3,590 NA 3,820 NA 6,040 NA 3,590 10,600 6,013
Total Solids % NA 79.2 NA 76.4 NA 76.3 NA 78.7 NA 76.3 79.2 77.7
Metals
Antimony mg/kg 150 6 U NA 6 U NA 0.79 U NA 0.79 U NA NA NA NA
Arsenic mg/kg 57 5.81 0.10 4.23 0.07 4.29 0.08 3.93 0.07 3.93 5.81 5
Cadmium mg/kg 5.1 0.249 0.05 0.251 0.05 0.251 0.05 0.285 0.06 0.249 0.285 0.26
Copper mg/kg 390 31 J 0.08 25.4 J 0.07 18.3 J 0.05 27.8 J 0.07 18.3 31 26
Lead mg/kg 450 52 0.12 18.5 0.04 13.4 0.03 14.9 0.03 13.4 52 25
Nickel mg/kg 140 13.3 0.10 10.8 0.08 9.91 0.07 16.4 0.12 9.91 16.4 12.6
Silver mg/kg 6.1 0.21 U NA 0.21 U NA 0.22 U NA 0.22 U NA NA NA NA
Zinc mg/kg 410 77.6 0.19 56 0.14 52 0.13 58.1 0.14 52 77.6 61
Mercury mg/kg 0.59 0.056 0.09 0.016 U NA 0.014 U NA 0.052 0.09 0.052 0.056 0.054
Semi-volatile Organic Compounds
LPAHs
2-Methylnaphthalene µg/kg 670 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Acenaphthene µg/kg 500 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Acenaphthylene µg/kg 1,300 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Anthracene µg/kg 960 140 0.15 84 U NA 100 U NA 96 U NA 140 140 140
Fluorene µg/kg 540 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Naphthalene µg/kg 2,100 130 0.06 84 U NA 100 U NA 96 U NA 130 130 130
Phenanthrene µg/kg 1,500 480 0.32 84 U NA 100 U NA 96 U NA 480 480 480
Total LPAH µg/kg 5,200 950 0.18 290 U NA 350 U NA 340 U NA 950 950 950
HPAHs
Benzo(a)anthracene µg/kg 1,600 390 0.24 84 U NA 100 U NA 96 U NA 390 390 390
Benzo(a)pyrene µg/kg 1,600 340 0.21 84 U NA 100 U NA 96 U NA 340 340 340
Benzofluoranthenes (total) µg/kg 3,600 650 0.18 100 0.03 140 0.04 180 0.05 100 650 268
Benzo(g,h,i)perylene µg/kg 720 170 0.24 84 U NA 100 U NA 96 U NA 170 170 170
Chrysene µg/kg 2,800 520 0.19 84 U NA 100 U NA 130 0.05 130 520 325
Dibenzo(a,h)anthracene µg/kg 230 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Fluoranthene µg/kg 2,500 740 0.30 84 U NA 100 U NA 150 0.06 150 740 445
Indeno(1,2,3-cd)pyrene µg/kg 690 140 0.20 84 U NA 100 U NA 96 U NA 140 140 140
Pyrene µg/kg 3,300 1,500 0.45 130 0.04 140 0.04 200 0.06 130 1,500 493
Total HPAH µg/kg 17,000 4,400 0.26 524 0.03 630 0.04 900 0.05 524 4,400 1,614
Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 4 U NA 1.5 0.01 1 0.01 10 0.06 1 10 4
Diethylphthalate µg/kg 200 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Di-n-butyl phthalate µg/kg 1,400 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Butyl benzyl phthalate µg/kg 900 99 U NA 84 U NA 100 U NA 170 0.19 170 170 170
Bis(2-ethylhexyl)phthalate µg/kg 1,300 190 0.15 84 U NA 100 U NA 380 0.29 190 380 285
Di-n-octyl phthalate µg/kg 6,200 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Phenol µg/kg 420 99 U NA 84 U NA 100 UJ NA 100 U NA NA NA NA
2-Methylphenol µg/kg 63 4 UJ NA 1 UJ NA 1 UJ NA 4 UJ NA NA NA NA
3- & 4-Methylphenol µg/kg 670 99 U NA 84 U NA 100 UJ NA 96 U NA NA NA NA
2,4-Dimethylphenol µg/kg 29 4 UJ NA 1 UJ NA 1 UJ NA 4 UJ NA NA NA NA
Pentachlorophenol µg/kg 360 4 U NA 1 UJ NA 1 UJ NA 4 U NA NA NA NA
Benzyl alcohol µg/kg 73 55 U NA 27 UJ NA 33 UJ NA 51 U NA NA NA NA

Parameter
10/25/2006 10/25/2006 10/25/2006

0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm
10/25/2006

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration

 SR-10   SR-11   SR-13  
SR-10-Y0-D SR-11-Y0-D SR-11-Y0-D41 SR-13-Y0-D
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Station
Shoreline of the Wheeler-Osgood Waterway 

Statistics 
Sample ID

Sample Date Enrichment Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio Ratio

Units SQO

Parameter
10/25/2006 10/25/2006 10/25/2006

0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm
10/25/2006

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration

 SR-10   SR-11   SR-13  
SR-10-Y0-D SR-11-Y0-D SR-11-Y0-D41 SR-13-Y0-D

Benzoic acid µg/kg 650 170 UJ NA 51 UJ NA 51 UJ NA 150 UJ NA NA NA NA
1,2-Dichlorobenzene µg/kg 50 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
1,3-Dichlorobenzene µg/kg 170 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
1,4-Dichlorobenzene µg/kg 110 4 U NA 1.3 0.01 1.1 0.01 4 U NA 1.1 1.3 1.2
1,2,4-Trichlorobenzene µg/kg 51 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
Hexachlorobenzene µg/kg 22 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
Dibenzofuran µg/kg 540 99 U NA 84 U NA 100 U NA 96 U NA NA NA NA
Hexachlorobutadiene µg/kg 11 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 14 0.50 3.1 0.11 3.3 0.12 6.8 0.24 3.1 14 6.8
Pesticides
4,4'-DDD µg/kg 16 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
4,4'-DDE µg/kg 9 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
4,4'-DDT µg/kg 34 4 U NA 1 U NA 1 U NA 4 U NA NA NA NA
Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1254 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1260 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
PCBs (total) µg/kg 300 20 U NA 20 U NA 20 U NA 20 U NA NA NA NA
Notes: Qualifiers:

SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.         numerical value is an estimated quantity.
1     Sample is a field duplicate of Sample SR-11-Y0-D. UJ   The analyte was not detected at or above the estimated numerical value.
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Table 2-22
Summary of Baseline Natural Recovery Sample Results for the Head of the Wheeler-Osgood Waterway

Station  Head of the Wheeler-Osgood Waterway Statistics 
Sample ID

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO
Conventionals
Total Organic Carbon mg/kg NA 27,700 NA 36,900 NA 35,600 NA 27,700 36,900 33,400
Total Solids % NA 63.2 NA 56.5 NA 57.7 NA 56.5 63.2 59.1
Metals
Antimony mg/kg 150 6 U NA 6 U NA 6 U NA NA NA NA
Arsenic mg/kg 57 6.23 0.11 9.62 0.17 10.6 0.19 6.23 10.6 8.8
Cadmium mg/kg 5.1 0.529 0.10 0.952 0.19 0.994 0.19 0.529 0.994 0.825
Copper mg/kg 390 49.6 J 0.13 87 J 0.22 88.8 J 0.23 49.6 88.8 75.1
Lead mg/kg 450 41.5 0.09 67.4 0.15 75.7 0.17 41.5 75.7 61.5
Nickel mg/kg 140 12.6 0.09 15.6 0.11 17.3 0.12 12.6 17.3 15.2
Silver mg/kg 6.1 0.21 U NA 0.22 U NA 0.22 U NA NA NA NA
Zinc mg/kg 410 84 0.20 167 0.41 178 0.43 84 178 143
Mercury mg/kg 0.59 0.099 0.17 0.175 0.30 0.173 0.29 0.099 0.175 0.149
Semi-volatile Organic Compounds
LPAHs
2-Methylnaphthalene µg/kg 670 400 0.60 500 0.75 360 0.54 360 500 420
Acenaphthene µg/kg 500 140 0.28 820 1.64 100 U NA 140 820 480
Acenaphthylene µg/kg 1,300 260 0.20 100 U NA 100 U NA 260 260 260
Anthracene µg/kg 960 420 0.44 1,700 1.77 250 0.26 250 1,700 790
Fluorene µg/kg 540 100 U NA 1,100 2.04 140 0.26 140 1,100 620
Naphthalene µg/kg 2,100 510 0.24 360 0.17 330 0.16 330 510 400
Phenanthrene µg/kg 1,500 950 0.63 7,800 5.20 640 0.43 640 7,800 3,130
Total LPAH µg/kg 5,200 2,700 0.52 12,000 2.31 1,800 0.35 1,800 12,000 5,500
HPAHs
Benzo(a)anthracene µg/kg 1,600 1900 1.19 2700 1.69 780 0.49 780 2,700 1,793
Benzo(a)pyrene µg/kg 1,600 920 0.58 1,500 0.94 540 0.34 540 1,500 987
Benzofluoranthenes (total) µg/kg 3,600 1,600 0.44 3,400 0.94 1,300 0.36 1,300 3,400 2,100
Benzo(g,h,i)perylene µg/kg 720 430 0.60 870 1.21 340 0.47 340 870 547
Chrysene µg/kg 2,800 2,300 0.82 2,700 0.96 1,100 0.39 1,100 2,700 2,033
Dibenzo(a,h)anthracene µg/kg 230 130 0.57 200 0.87 100 0.43 100 200 143
Fluoranthene µg/kg 2,500 2,000 0.80 3,900 1.56 850 0.34 850 3,900 2,250
Indeno(1,2,3-cd)pyrene µg/kg 690 360 0.52 670 0.97 260 0.38 260 670 430
Pyrene µg/kg 3,300 6,800 2.06 7,600 2.30 2,000 0.61 2,000 7,600 5,467
Total HPAH µg/kg 17,000 16,000 0.94 24,000 1.41 7,400 0.44 7,400 24,000 15,800
Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 9.6 0.06 27 0.17 47 0.29 9.6 47 28
Diethylphthalate µg/kg 200 100 U NA 100 U NA 100 U NA NA NA NA
Di-n-butyl phthalate µg/kg 1,400 100 U NA 100 U NA 100 0.07 100 100 100
Butyl benzyl phthalate µg/kg 900 230 0.26 520 0.58 480 0.53 230 520 410

Parameter

NR-19 NR-20 
NR-19-Y0-D NR-20-Y0-D NR-20-Y0-D11

0 to 10 cm 0 to 10 cm 0 to 10 cm
10/23/2006

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration
10/23/2006 10/23/2006
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Station  Head of the Wheeler-Osgood Waterway Statistics 
Sample ID

Sample Date Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio

Units SQO

Parameter

NR-19 NR-20 
NR-19-Y0-D NR-20-Y0-D NR-20-Y0-D11

0 to 10 cm 0 to 10 cm 0 to 10 cm
10/23/2006

Minimum 
Detected 

Concentration

Maximum 
Detected 

Concentration

Average 
Detected 

Concentration
10/23/2006 10/23/2006

Bis(2-ethylhexyl)phthalate µg/kg 1,300 720 0.55 1,600 1.23 1,600 1.23 720 1,600 1,307
Di-n-octyl phthalate µg/kg 6,200 100 U NA 100 U NA 100 U NA NA NA NA
Phenol µg/kg 420 100 UJ NA 100 UJ NA 100 J 0.24 100 100 100
2-Methylphenol µg/kg 63 4 UJ NA 4 UJ NA 4 UJ NA NA NA NA
3- & 4-Methylphenol µg/kg 670 100 UJ NA 100 UJ NA 100 U NA NA NA NA
2,4-Dimethylphenol µg/kg 29 4 UJ NA 4 UJ NA 4 UJ NA NA NA NA
Pentachlorophenol µg/kg 360 77 J 0.21 4 UJ NA 4 UJ NA 77 77 77
Benzyl alcohol µg/kg 73 62 UJ NA 79 UJ NA 71 UJ NA NA NA NA
Benzoic acid µg/kg 650 170 UJ NA 170 UJ NA 190 UJ NA NA NA NA
1,2-Dichlorobenzene µg/kg 50 6 0.12 91 1.82 85 1.70 6 91 61
1,3-Dichlorobenzene µg/kg 170 4 U NA 6 0.04 4.8 0.03 4.8 6 5.4
1,4-Dichlorobenzene µg/kg 110 8.8 0.08 63 0.57 44 0.40 8.8 63 39
1,2,4-Trichlorobenzene µg/kg 51 4 U NA 6.8 0.13 4.8 0.09 4.8 6.8 5.8
Hexachlorobenzene µg/kg 22 4 U NA 4 U NA 4 U NA NA NA NA
Dibenzofuran µg/kg 540 120 0.22 270 0.50 100 U NA 120 270 195
Hexachlorobutadiene µg/kg 11 4 U NA 4 U NA 4 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 30 1.07 4 U NA 4 U NA 30 30 30
Pesticides
4,4'-DDD µg/kg 16 4 U NA 4 U NA 4 U NA NA NA NA
4,4'-DDE µg/kg 9 4 U NA 4 U NA 4 U NA NA NA NA
4,4'-DDT µg/kg 34 4 U NA 4 U NA 4 U NA NA NA NA
Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCB-1254 µg/kg NA 110 J NA 350 J NA 490 J NA 110 490 317
PCB-1260 µg/kg NA 20 U NA 20 U NA 20 U NA NA NA NA
PCBs (total) µg/kg 300 110 J 0.37 350 J 1.17 490 J 1.63 110 490 317
Notes: Qualifiers:

SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.         numerical value is an estimated quantity.
If sample concentration is highlighted in red, concentration exceeds the SQO. UJ    The analyte was not detected at or above the estimated numerical value.
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Table 2-23
Summary of Baseline Natural Recovery Sample Results for the Harbor Area Adjacent to RA 15 and RA 16

Station Harbor Area Adjacent to RA 15 and RA 16 Statistics 
Sample ID

Sample Date Enrichment Enrichment
Sample Depth Ratio Ratio

Units SQO
Conventionals
Total Organic Carbon mg/kg NA 90,300 NA 95,100 NA 90,300 95,100 92,700
Total Solids % NA 35.8 NA 36.5 NA 35.8 36.5 36.2
Metals
Antimony mg/kg 150 7.45 0.05 6 U NA 7.45 7.45 7.45
Arsenic mg/kg 57 31.4 0.55 22.8 0.40 22.8 31.4 27.1
Cadmium mg/kg 5.1 2.36 0.46 1.96 0.38 1.96 2.36 2.16
Copper mg/kg 390 173 J 0.44 136 J 0.35 136 173 155
Lead mg/kg 450 130 0.29 108 0.24 108 130 119
Nickel mg/kg 140 19.9 0.14 19.3 0.14 19.3 19.9 19.6
Silver mg/kg 6.1 0.22 U NA 0.22 U NA NA NA NA
Zinc mg/kg 410 254 0.62 206 0.50 206 254 230
Mercury mg/kg 0.59 0.602 1.02 0.771 1.31 0.602 0.771 0.687
Semi-volatile Organic Compounds
LPAHs
2-Methylnaphthalene µg/kg 670 320 0.48 310 0.46 310 320 315
Acenaphthene µg/kg 500 280 0.56 250 0.50 250 280 265
Acenaphthylene µg/kg 1,300 170 0.13 130 0.10 130 170 150
Anthracene µg/kg 960 720 0.75 640 0.67 640 720 680
Fluorene µg/kg 540 350 0.65 320 0.59 320 350 335
Naphthalene µg/kg 2,100 790 0.38 740 0.35 740 790 765
Phenanthrene µg/kg 1,500 1,800 1.20 1,500 1.00 1,500 1,800 1,650
Total LPAH µg/kg 5,200 4,500 0.87 3,900 0.75 3,900 4,500 4,200
HPAHs
Benzo(a)anthracene µg/kg 1,600 1700 1.06 1700 1.06 1,700 1,700 1,700
Benzo(a)pyrene µg/kg 1,600 1,400 0.88 1,300 0.81 1,300 1,400 1,350
Benzofluoranthenes (total) µg/kg 3,600 3,200 0.89 3,400 0.94 3,200 3,400 3,300
Benzo(g,h,i)perylene µg/kg 720 820 1.14 640 0.89 640 820 730
Chrysene µg/kg 2,800 2,400 0.86 2,100 0.75 2,100 2,400 2,250
Dibenzo(a,h)anthracene µg/kg 230 180 0.78 140 0.61 140 180 160
Fluoranthene µg/kg 2,500 2,500 1.00 2,900 1.16 2,500 2,900 2,700
Indeno(1,2,3-cd)pyrene µg/kg 690 650 0.94 520 0.75 520 650 585
Pyrene µg/kg 3,300 6,900 2.09 7,100 2.15 6,900 7,100 7,000
Total HPAH µg/kg 17,000 20,000 1.18 20,000 1.18 20,000 20,000 20,000
Other Semi-volatile Organic Compounds
Dimethyl phthalate µg/kg 160 87 0.54 46 0.29 46 87 67
Diethylphthalate µg/kg 200 100 U NA 170 0.85 170 170 170
Di-n-butyl phthalate µg/kg 1,400 100 U NA 100 U NA NA NA NA
Butyl benzyl phthalate µg/kg 900 1,400 1.56 1,400 1.56 1,400 1,400 1,400

Average Detected 
Concentration0 to 10 cm 0 to 10 cm

10/24/2006
Minimum 
Detected 

Concentration

NR-25-Y0-D NR-25-Y0-D11

10/24/2006Parameter

NR-25 
Maximum 
Detected 

Concentration
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Station Harbor Area Adjacent to RA 15 and RA 16 Statistics 
Sample ID

Sample Date Enrichment Enrichment
Sample Depth Ratio Ratio

Units SQO

Average Detected 
Concentration0 to 10 cm 0 to 10 cm

10/24/2006
Minimum 
Detected 

Concentration

NR-25-Y0-D NR-25-Y0-D11

10/24/2006Parameter

NR-25 
Maximum 
Detected 

Concentration

Bis(2-ethylhexyl)phthalate µg/kg 1,300 3,600 2.77 2,700 2.08 2,700 3,600 3,150
Di-n-octyl phthalate µg/kg 6,200 100 U NA 100 U NA NA NA NA
Phenol µg/kg 420 100 U NA 100 U NA NA NA NA
2-Methylphenol µg/kg 63 4 UJ NA 4 UJ NA NA NA NA
3- & 4-Methylphenol µg/kg 670 100 U NA 100 U NA NA NA NA
2,4-Dimethylphenol µg/kg 29 4 UJ NA 4 UJ NA NA NA NA
Pentachlorophenol µg/kg 360 4 U NA 4 U NA NA NA NA
Benzyl alcohol µg/kg 73 4 U NA 4 U NA NA NA NA
Benzoic acid µg/kg 650 80 UJ NA 80 UJ NA NA NA NA
1,2-Dichlorobenzene µg/kg 50 7.6 0.15 6.4 0.13 6.4 7.6 7.0
1,3-Dichlorobenzene µg/kg 170 4 U NA 4 U NA NA NA NA
1,4-Dichlorobenzene µg/kg 110 28 0.25 28 0.25 28 28 28
1,2,4-Trichlorobenzene µg/kg 51 4 U NA 4 U NA NA NA NA
Hexachlorobenzene µg/kg 22 4 U NA 4 U NA NA NA NA
Dibenzofuran µg/kg 540 240 0.44 240 0.44 240 240 240
Hexachlorobutadiene µg/kg 11 4 U NA 4 U NA NA NA NA
N-Nitrosodiphenylamine µg/kg 28 4 U NA 4 U NA NA NA NA
Pesticides
4,4'-DDD µg/kg 16 4 U NA 4 U NA NA NA NA
4,4'-DDE µg/kg 9 4 U NA 4 U NA NA NA NA
4,4'-DDT µg/kg 34 4 U NA 4 U NA NA NA NA
Polychlorinated Biphenyls (PCBs)
PCB-1016 µg/kg NA 20 U NA 20 U NA NA NA NA
PCB-1221 µg/kg NA 20 U NA 20 U NA NA NA NA
PCB-1232 µg/kg NA 20 U NA 20 U NA NA NA NA
PCB-1242 µg/kg NA 20 U NA 20 U NA NA NA NA
PCB-1248 µg/kg NA 20 U NA 20 U NA NA NA NA
PCB-1254 µg/kg NA 270 J NA 290 J NA 270 290 280
PCB-1260 µg/kg NA 20 U NA 20 U NA NA NA NA
PCBs (total) µg/kg 300 270 J 0.90 290 J 0.97 270 290 280
Notes: Qualifiers:

SQO    Sediment Quality Objective. U     The analyte was not detected at or above the identified numerical value.
NA       Not Available. B     The analyte was detected in the associated method blank.
LPAH   Low molecular weight polycyclic aromatic hydrocarbons. J      The analyte was analyzed for and positively identified, but the associated 
HPAH  High molecular weight polycyclic aromatic hydrocarbons.         numerical value is an estimated quantity.
If sample concentration is highlighted in red, concentration exceeds the SQO. UJ    The analyte was not detected at or above the estimated numerical value.
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NOTES

·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Baseline low-tide slope cap inspection performed during year 0
   (July 2006).
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Low Tide Slope Cap Inspection Monitoring Intervals

Thea Foss and Wheeler-Osgood Waterways
Year 0 Baseline OMMP Report
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NOTES
·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Benchmark Control Location coordinates provided in WA State Plane
   Coordinates, South Zone, (NAD 83/91).

·  Baseline low-tide slope cap inspection performed during year 0
   (July 2006).
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NOTES

·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Baseline low-tide slope cap inspection performed during year 0
   (July 2006).
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Slope Areas Requiring Maintenance

Thea Foss and Wheeler-Osgood Waterways
Year 0 Baseline OMMP Report
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NOTES
·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Benchmark Control Location coordinates provided in WA State Plane
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3.0 EARLY WARNING MONITORING FOR RECONTAMINATION  
 
Early warning monitoring for recontamination, referred to as early warning monitoring, will be 
performed to evaluate the potential for recontamination in the Thea Foss and Wheeler-Osgood 
Waterways.  As described in Section 3.0 of the Operations, Maintenance, and Monitoring Plan 
(OMMP) (City of Tacoma 2006), early warning monitoring includes collection and analysis of 
recently deposited sediments represented by the 0 to 2 cm interval of the sediment column.  
Early warning sampling and analysis data will be used to evaluate the potential for 
recontamination and identify potential sources of recontamination (if suspected) before the 
remediated sediments become out of compliance with the remedial action and long-term 
monitoring objectives.  Early warning monitoring will be performed throughout the Thea Foss 
and Wheeler-Osgood Waterways including dredged to clean, capped, and natural recovery 
areas. 
 
Early warning monitoring is specifically designed to achieve the following objectives: 
 

 Monitor the chemical quality of recently deposited sediments in remediation areas of the 
Thea Foss and Wheeler-Osgood Waterways with attention to potential sources of 
recontamination (i.e., marinas, outfalls, industrial facilities, etc.); and 

 Identify potential sources of recontamination if exceedances of chemical Sediment 
Quality Objectives (SQO) and early warning threshold concentrations have occurred or 
are predicted to occur. 

 
Early warning monitoring was not required as part of Baseline (Year 0) OMMP activities.  Early 
warning monitoring will first be performed  in Year 2.  The schedule for OMMP activities to be 
performed as part of the Thea Foss and Wheeler-Osgood Waterways Remediation Project 
(Foss Project) is presented in Table 1-1.  The scope of early warning monitoring to be 
conducted in Year 2 is described in the OMMP. 
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4.0 BENTHIC RECOLONIZATION MONITORING 
 
Monitoring will be performed in the Thea Foss and Wheeler-Osgood Waterways to track the 
progress of benthic recolonization.  Benthic habitat was altered by historical contamination and 
sediment dredging and capping actions completed in the waterways.  Given the habitat 
improvements resulting from the completed remedial actions, the waterway is expected to be 
recolonized by benthic infauna and epifauna common to Commencement Bay.  As described in 
Section 4.0 of the Operations, Maintenance, and Monitoring Plan (OMMP) (City of Tacoma 
2006), benthic recolonization monitoring utilizes Sediment Profile Imagery (SPI) technology.  
SPI will allow for data to be collected on sediment composition, benthic habitat classification, 
infaunal successional stages, redox potential discontinuity, and organism-sediment index.  Data 
from each specific location within a remediation area will be evaluated relative to previous years 
of monitoring at the specific location to assess the rate and success of benthic recolonization.   
 
The objective of the benthic recolonization monitoring is to document and evaluate the success 
of benthic recolonization in the Thea Foss and Wheeler-Osgood Waterways.  Benthic 
recolonization will be evaluated throughout the waterways including dredged to clean, capped, 
and natural recovery areas as described in the OMMP.  Additionally, four benthic monitoring 
locations outside of the remediated areas near the mouth of the waterway are included to 
provide background information in non-remediated areas. 
 
Benthic recolonization monitoring was not required as part of Baseline (Year 0) OMMP 
activities.  Benthic recolonization monitoring will first be performed  in Year 2.  The schedule for 
OMMP activities to be performed as part of the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project (Foss Project) is presented in Table 1-1.  The scope of benthic 
recolonization monitoring to be conducted in Year 2 is described in the OMMP. 
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5.0 CONFINED DISPOSAL FACILITY MONITORING 
 
5.1 Introduction 
 
Confined Disposal Facility (CDF) monitoring is designed to protect water quality in adjacent 
surface water bodies from the migration of contaminants from dredged material confined within 
the St. Paul CDF.  The St. Paul CDF was constructed to dispose of and confine contaminated 
dredged sediment from the Thea Foss and Wheeler-Osgood Waterways (Figure 5-1).  The 
primary, potential mechanism for contaminant transport is groundwater flow through the CDF 
and into the adjacent water bodies.  Monitoring activities consist of the collection and analysis of 
hydrogeologic and groundwater data to evaluate groundwater flow and quality in and around the 
CDF to ensure compliance with performance criteria.  
 
As described in Section 5.0 of the Operations, Maintenance, and Monitoring Plan (OMMP) (City 
of Tacoma 2006), CDF monitoring includes the following activities: 
 

 Installation and development of 15 monitoring wells in and adjacent to the CDF;  

 Performance of slug tests and a 72-hour tidal study to evaluate post-construction 
groundwater gradients and flow conditions at the CDF;  

 Documentation of the hydrogeologic conditions at the CDF in the Post-Construction 
Hydrogeologic Conditions Report; 

 Selection of monitoring wells to be used for baseline groundwater quality monitoring; 

 Performance of quarterly groundwater and surface water monitoring for two years to 
identify baseline conditions; 

 Documentation of the baseline conditions in a report to be submitted to EPA; 

 Identification of the performance monitoring program for the CDF; 

 Monitoring of groundwater quality over time in accordance with the performance 
monitoring program; and 

 Performance of visual observations of the berms and CDF cap. 
 
CDF monitoring activities that have been performed since the completion of CDF construction in 
March 2006 include the following:  
 

 Installation and development of 15 monitoring wells in and adjacent to the CDF (i.e., 
MW-01 through MW-15) was performed from August 28, 2006 through September 18, 
2006 (Figure 5-1); 

 Slug testing of the new wells was performed on September 27-28, 2006;  

 Performance of a 72-hour tidal study was performed on October 3-6, 2006; 

 Documentation of field activities, observations, and hydrogeologic conditions in the Post-
Construction Hydrogeologic Conditions Report (City of Tacoma 2006) (provided in 
Attachment D-1 of Appendix D); 

 Preparation of a memorandum identifying the proposed wells to be used to monitor 
baseline groundwater quality conditions at the St. Paul CDF.  This memorandum is 
provided in Attachment D-2 of Appendix D;  
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 Submittal of the Post-Construction Hydrogeologic Conditions Report and memorandum 
identifying the wells to be monitored to establish baseline conditions to EPA for review 
on November 22, 2006; and 

 Preparation of response to EPA comments on the Post-Construction Hydrogeologic 
Conditions Report and memorandum identifying the wells to be monitored to establish 
baseline conditions at the CDF.  EPA provided comments in an email from Piper 
Peterson Lee, EPA to Mary Henley, City of Tacoma, dated December 20, 2006.  This 
response to comments was submitted to EPA on January 16, 2007.  The response to 
EPA comments is provided in Attachment D-3 of Appendix D.   

 
All investigation activities, preparation of the Post-Construction Hydrogeologic Conditions 
Report, and identification of wells to be monitored to establish baseline conditions have been 
performed in accordance with requirements specified in the OMMP.  The results of CDF 
monitoring activities performed to date are summarized in the following sections.   
 
5.2 Post-Construction Hydrogeologic Conditions 

 
5.2.1 Monitoring Well Network  
 
Fifteen monitoring wells (MW-01 through MW-15) were installed in and adjacent to the St. Paul 
CDF (Figure 5-1).  The monitoring wells were installed in accordance with the Confined 
Disposal Facility Monitoring Operations Manual developed as part of the OMMP (Appendix D of 
the OMMP) and the Minimum Standards for Construction and Maintenance of Wells (Chapter 
173-160 WAC).   
 
Eight of the monitoring wells were completed at shallow depths (MW-01 through MW-04, MW-
06, MW-09, MW-10, and MW-13).  The shallow wells are located and screened to evaluate 
hydrogeologic conditions in near-surface soil, fill, and material used to construct the 
containment and offset berms, and to allow characterization and monitoring of the quality of 
groundwater that is most likely to be impacted by the saltwater washout effect (i.e., where the 
lowest saline groundwater and stormwater infiltration come in contact with and flow over the 
surface of contaminated sediment placed in the CDF).   
 
Three of the monitoring wells were completed at intermediate depths (MW-07, MW-11, and 
MW-14) and are located and screened to evaluate hydrogeologic conditions and allow 
characterization and monitoring of the quality of groundwater occurring within a depth that is 
between the shallow and deep monitoring well depths.   
 
Four of the wells were completed as deep wells (MW-05, MW-08, MW-12, and MW-15).  The 
deep wells were designed to evaluate hydrogeologic conditions and allow characterization and 
monitoring of groundwater quality at the elevation of the bottom of the CDF.   
 
5.2.2 Hydraulic Conductivity 

Following well development activities, slug tests were conducted on all the monitoring wells in 
general accordance with ASTM D 4044-96 to estimate the hydraulic conductivity in and adjacent 
to the CDF.  The methods of Bouwer and Rice (Bouwer and Rice 1976 and 1989) and Butler 
and Garnett (Butler and Garnett 2000) were used to evaluate the slug test data collected from 
the site and estimate hydraulic conductivities.   
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Hydraulic conductivity varies across the site.  The estimated hydraulic conductivity values for 
the soil and fill within and adjacent to the CDF ranged from 1.2 x 10-4 centimeters per second 
(cm/sec) or 0.35 feet per day (ft/day) in MW-05 to 4.6 x 10-1 cm/sec or 1,320 ft/day in MW-01, 
located in the containment berm.  This variability is the result of differences in soil 
characteristics encountered in a given location and horizon.   
 
The hydraulic conductivity values measured at the CDF are highest in the containment and 
offset berms, as expected.  The two wells located within the berms (MW-01 and MW-09) show 
similar hydraulic conductivity values of 4.64 x 10-1 cm/sec or 1,320 ft/day and 3.57 x 10-1 cm/sec 
or 1,010 ft/day, respectively.  MW-01 and MW-09 are screened over highly-permeable coarse 
gravel and sand fill placed during construction of the berms.   
 
The wells located adjacent to the Middle Waterway (MW-02, MW-06 through MW-08 and MW-
10 through MW-12) show similar hydraulic conductivity values ranging from 2.02 x 10-2 cm/sec 
or 57.2 ft/day at MW-07 to 1.1 x 10-1 cm/sec or 310 ft/day at MW-06.  Hydraulic conductivities 
estimated for MW-06 through MW-08 and MW-10 through MW-12 are within the mid-range of 
conductivities observed at the site and reflect the hydraulic properties of the silty fine sand to 
coarse sand comprising the historical fill and deltaic and shallow marine deposits in which these 
wells are screened.   
 
The two wells installed within the dredged material disposed of in the CDF (MW-04 and MW-05) 
exhibit the lowest estimated hydraulic conductivity values at the site (4.08 x 10-4 cm/sec or 1.16 
ft/day and 1.24 x 10-4 cm/sec or 0.35 ft/day, respectively).  The low conductivity values reflect 
the low permeability of the predominantly fine sandy silt dredged material fill disposed of in the 
CDF.   
 
5.2.3 Groundwater Response to Tidal Fluctuations 

A 72-hour tidal study was completed to assess tidal effects on groundwater levels in and around 
the CDF.  Water levels were recorded at 15-minute intervals at each well location, at a tide 
gauge established in the Middle Waterway, and in a still well established in the surface water 
swale located on the eastern boundary of the CDF (Figure 5-1).  Data for the elevation of 
groundwater in each well was compared to the surface water elevations in the Middle Waterway 
to evaluate the affect of tidal fluctuations on groundwater in and adjacent to the CDF.   
 
The data for shallow wells installed in the containment and offset berms and shallow and 
intermediate wells west of the CDF indicate a relatively rapid to moderately rapid response in 
groundwater elevation in response to tidal fluctuations with calculated lag times ranging from 15 
to 45 minutes.  Additionally, the change in groundwater elevations ranged from approximately 
four to seven feet.   
 
Although the shallow wells installed in the berms and shallow and intermediate wells installed 
west of the CDF had significant responses to changes in tidal fluctuations, MW-04 and MW-05 
installed within the CDF had a limited response to tidal fluctuations.  The calculated lag time for 
MW-04 and MW-05 were 165 and 135 minutes, respectively (i.e., 2 hours and 45 minutes and 2 
hours and 15 minutes, respectively).  Groundwater elevation changes in shallow monitoring well 
MW-04 and deep monitoring well MW-05 were three inches and approximately six inches, 
respectively.  The relatively small response to tidal fluctuations in MW-04 and MW-05 are 
indicative of the fine sandy, silt that was disposed of in the CDF.   
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The data for MW-03, MW-13, and MW-14 installed east of the CDF also indicated minimal 
response to tidal fluctuations.  However, deep monitoring well MW-15 located east of the CDF 
exhibited a greater response to tidal fluctuations than the shallow and intermediate wells.  The 
greater response to tidal fluctuations exhibited by MW-15 indicates that the presence of the silty 
dredged material fill in the CDF is likely inhibiting the response in MW-03, MW-13, and MW-14.   
 
The information from groundwater responses to tidal fluctuations corroborates the results of 
hydraulic conductivities and further indicates that the silt and fine sand comprising the dredged 
fill material placed in the CDF limits the hydraulic connection between groundwater within the 
CDF and groundwater and surface water surrounding the CDF and the potential transport of 
contaminants out of the dredged fill material. 
 
5.2.4 Mean Groundwater Elevation, Gradients, and Flow Direction 
 
Groundwater elevation data collected during the tidal study was used to determine the mean 
groundwater elevation at each monitoring well location to identify groundwater gradients across 
the CDF.  Mean groundwater elevations were calculated for the wells in and adjacent to the 
CDF using the method described by Serfes (Serfes 1991).  The groundwater gradients identified 
from the tidal study are used to infer overall groundwater flow directions at the CDF and areas 
of potential groundwater discharge to surface water.   
 
Mean groundwater elevations for shallow and intermediate depth monitoring wells show that 
groundwater flow is west toward the outer St. Paul and Middle Waterways.  The groundwater 
gradients for the shallow and intermediate depths were similar in magnitude and greater than 
the gradient for deep groundwater which is essentially flat.   
 
Although net groundwater flow is westerly, the groundwater elevation data from the tidal study 
shows that the horizontal hydraulic gradients change in response to tidal fluctuation in the St. 
Paul and Middle Waterways and Commencement Bay.  The groundwater flow direction was 
observed to reverse direction during flood tide.  However, the reversal of the groundwater 
gradient is transient and the overall net groundwater gradient is to the west. 
 
The vertical groundwater gradients at monitoring wells located downgradient of the CDF and 
adjacent to the Middle Waterway indicate that the vertical gradient is upward from the deep well 
depth toward the intermediate depth and downward from the shallow depth toward the 
intermediate depth.  The upward vertical gradient from the deep well depth toward the 
intermediate well depth adjacent to the Middle Waterway indicates that groundwater is not likely 
to transport contaminants into deeper deltaic marine sediment downgradient of the CDF.  
Additionally, because both sets of gradients (i.e., shallow / intermediate and intermediate / 
deep) are toward the intermediate depth horizon, intermediate depth groundwater has the 
potential to transport contamination from the dredged material recently placed in the CDF. 
 
5.2.5 Conceptual Model for CDF Post-Construction Hydrogeological Conditions 
 
The hydraulic conductivities of the soil and fill at the CDF, groundwater response to tidal 
fluctuations, direction of groundwater flow, and hydraulic gradients influence potential 
contaminant transport and discharge to surface water.  Details of the post-construction 
investigation and evaluation of hydrogeologic conditions at the St. Paul CDF can be found in the 
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Post-Construction Hydrogeologic Conditions Report.  The following summarizes the conclusions 
resulting from this work:  
 

 Information for hydraulic conductivities and tidal fluctuations indicates that the silt and 
fine sand comprising the dredged fill material placed in the CDF has lower hydraulic 
conductivities than the materials surrounding the CDF which will reduce the hydraulic 
connection between groundwater within the CDF and groundwater and surface water 
surrounding the CDF and the potential transport of contaminants out of the dredged fill 
material; 

 The groundwater flow direction at the shallow and intermediate well depths is to the west 
and indicates that groundwater at these depths likely discharges to the outer St. Paul 
and Middle Waterways;   

 The average horizontal groundwater gradient for the shallow groundwater interval was 
slightly greater than that of the intermediate depth groundwater interval whereas the 
groundwater gradient for the deep monitoring well interval is relatively flat; and  

 The vertical groundwater gradients at monitoring wells located west of the CDF (i.e., 
horizontally downgradient from the CDF) and adjacent to the Middle Waterway indicate 
that groundwater flows upward from the deep well depth toward the intermediate depth 
and downward from the shallow depth toward the intermediate depth.   

 
5.2.6 Potential for Contaminant Transport from Recently Placed Dredge Material 
 
Based on the findings of the hydrogeologic investigation of the CDF and adjacent areas, and the 
conceptual model for post-construction hydrogeologic conditions, the following conditions 
identify potential contaminant transport mechanisms: 
 

 Shallow groundwater, downgradient of the dredged sediment recently placed in the CDF 
is most likely to be impacted by saltwater washout effects and to transport contaminants 
from the CDF.  Modeling performed as part of the design identified that contaminant 
release is most likely to occur where less saline groundwater and stormwater infiltration 
come in contact with confined, contaminated dredged materials and then flows away 
from (i.e., downgradient from) the CDF.  Hydrogeologic investigations indicate that 
shallow groundwater generally flows to the west toward the outer St. Paul and Middle 
Waterways; and 

 Intermediate depth groundwater, downgradient of the CDF, also has the potential to 
transport contamination from the confined, contaminated dredged materials.  Evaluation 
of vertical groundwater gradients shows that shallow and deep groundwater flowing 
through the CDF converge at the intermediate depth horizon.  Therefore, groundwater 
from all depths that has been in contact with the contaminated dredged material has the 
potential to flow from the CDF within the intermediate depth horizon.  Hydrogeologic 
investigations indicate that intermediate depth groundwater flows to the west toward the 
Middle Waterway. 

 
The wells to be monitored to establish baseline water quality were selected based on the results 
of the hydrogeologic investigation of the CDF and findings for potential chemical transport.   
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5.3 Identification of Wells to be Monitored to Establish Baseline Water Quality 
 
The proposed wells and rationale for well selection were presented in the memorandum titled 
Identification of Wells to be Monitored to Establish Baseline at the CDF (Attachment D-2 of 
Appendix D).  Comments on the memorandum were received from EPA and were incorporated 
into the selection of wells identified for baseline monitoring.  The wells selected for baseline 
monitoring are summarized below: 
 

 Shallow depth monitoring wells MW-01, MW-02, MW-06, and MW-10, which are located 
downgradient of dredged sediment placed in the CDF (Figure 5-2), were selected to 
characterize baseline for groundwater that may be affected as a result of salt washout by 
shallow groundwater that encounters the dredged material confined within the CDF and 
is then discharged downgradient; 

 Intermediate depth monitoring wells MW-07 and MW-11, also located downgradient of 
dredged sediment placed in the CDF, were selected to characterize baseline for 
groundwater that may be affected as a result of shallow, intermediate, and deep 
groundwater that encounters the dredged material within the CDF and converges at the 
intermediate depth as it discharges downgradient; 

 MW-04 and MW-05, installed within the CDF, were selected to identify contaminant 
levels in groundwater within the dredged material confined in the CDF; and 

 Deep monitoring wells MW-08 and MW-12, also located downgradient of dredged 
sediment placed in the CDF, were selected at the request of EPA to establish baseline 
groundwater quality present at the depth of the bottom of the CDF. 

 
5.4 Schedule of CDF Monitoring  
 
The monitoring plan has been approved by EPA, and the first quarter of water quality monitoring 
to establish baseline conditions is scheduled for March 2007 pending installation of pumps.  
Groundwater sampling and analysis will be performed on selected wells in accordance with 
procedures specified in the OMMP.  The scope of CDF monitoring to be conducted during the 
two year baseline monitoring period is described in the OMMP.  The schedule for all OMMP 
activities is presented in Table 1-1.     
 
 
 
FIGURES 
 
5-1 – Site Map and Monitoring Locations 

5-2 – Baseline Groundwater Monitoring Locations 
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6.0 HABITAT MITIGATION AREA MONITORING 
 
6.1 Introduction 

 
This section presents a summary of the Baseline (Year 0) habitat mitigation area monitoring 
performed at the Thea Foss Waterway and Wheeler-Osgood Waterways Remediation Project 
(Foss Project) habitat mitigation and enhancement area sites.  This habitat mitigation area 
monitoring was performed in accordance with the Operations, Maintenance, and Monitoring 
Plan (OMMP) (City of Tacoma 2006).  The OMMP requires that various components of habitat 
mitigation monitoring occur throughout the first ten years following completion of the remedial 
action.  After 10 years of monitoring, the City and EPA will evaluate the need for and scope of 
additional monitoring.  A summary of the habitat area monitoring activities performed during this 
baseline monitoring year is provided in Table 6-1. 
 
As described in Section 6.0 of the OMMP, the habitat mitigation areas for the project are 
identified as the North Beach Habitat, Middle Waterway Tideflat Habitat, Puyallup River Side 
Channel, and the Hylebos Creek Mitigation Site.  Constructed acreages of these mitigation 
areas are provided in Table 6-2.  The Thea Foss Habitat Enhancement Areas are identified as 
the Johnny’s Dock Habitat Enhancement, Head of Thea Foss Shoreline Habitat, SR 509 
Esplanade Riparian Habitat, and the Log Step Habitat Enhancement.   
 
Following completion of the habitat mitigation area monitoring field activities described below, 
the City prepared the Year 0 Baseline Monitoring Habitat Mitigation Area Monitoring Preliminary 
Findings Memorandum (City of Tacoma, 2006) that summarized the work performed and the 
findings.  This memorandum was submitted for agency review on November 30, 2006.  A copy 
of this Preliminary Findings Memorandum is included in Attachment E-1 of Appendix E.   

 
6.1.1 Habitat Mitigation Area Monitoring Objectives 

 
The OMMP specifies that habitat mitigation monitoring be performed to achieve the following 
objectives: 
 

 To evaluate the effectiveness of the development of biological features and physical 
features at the mitigation and enhancement sites to confirm that they are on a trajectory 
to provide habitat function necessary to meet the objectives for each site; and 

 To confirm that the habitat sites have attained and continue to meet the objectives for 
each site over time. 

 
As required by the OMMP, habitat monitoring activities are generally performed when tidal 
elevations are below 0.0 feet Mean Lower Low Water (MLLW) except at the Hylebos Creek 
Mitigation Site where the primary monitoring activities are performed when tidal elevations are 
below 8.78 feet MLLW.   
 
6.1.2 Scope of Habitat Mitigation Area Monitoring 
 
Baseline mitigation area performance monitoring consists of three components:  baseline 
habitat mitigation area monitoring, habitat mitigation area maintenance, and contingency 
planning and response actions. 
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Baseline habitat mitigation area monitoring included the following activities: 
 

 Qualitative ground surveys; 

 Photo documentation; 

 Elevation monitoring; 

 Brackish marsh salinity monitoring; and 

 Water surface elevation monitoring. 
 
These activities are described in more detail in Section 6.2.1 below. 
 
Site stewardship and routine maintenance, performed on an ongoing basis throughout the year, 
are key components of the habitat maintenance and monitoring program.  The City had, under 
contract, a site steward who routinely checked up on the sites for the purpose of identifying any 
areas of concern to the City.  At this time, the site steward has determined that he will retire and 
will no longer be routinely available for this work.  The City will evaluate the need for a 
replacement vs. performing this task with City staff during the coming year.    
 
In addition, the City maintains a contract with the Washington Conservation Corps (WCC) for 
performance of routine maintenance activities at the various mitigation and enhancement sites.  
The crew picks up garbage, repairs goose exclusion grids, tightens Large Woody Debris (LWD) 
cables, pulls weeds, and replants on an as needed basis.  A summary of their work during the 
baseline monitoring year is provided in Section 6.3. 
 
Adaptive management and contingency planning procedures were established in Sections 6.4 
and 6.5 of the OMMP.  As issues are identified over time, these procedures will be implemented 
to determine the best course of action.  To date, only one issue, erosion at the North Beach 
Habitat area, has been identified that requires follow-up action.  The current status of this issue 
is described in Section 6.4. 
 
6.2 Baseline Habitat Mitigation Area Monitoring 
 
6.2.1 Summary of Baseline Habitat Mitigation Area Monitoring  
 
Baseline habitat mitigation area monitoring activities are set forth in the OMMP.  The primary 
function of the baseline monitoring event is to provide confirmation that the habitat mitigation 
and enhancement sites were constructed and planted in accordance with the approved plans.  
This was done through the performance of qualitative inspections of each of the sites.  In 
addition, elevation stakes were established at the mitigation sites as part of the baseline work to 
provide a mechanism for monitoring sediment accretion/erosion at the sites.  These elevation 
stakes will be used during subsequent monitoring years to track changes in elevation over time.  
Photo points were established at both the mitigation and enhancement sites.  Photographs were 
taken at these points to provide baseline documentation.  Photographs taken during this 
baseline year will be used for comparative purposes with photographs taken during subsequent 
monitoring years. 
 
Additional mitigation monitoring work performed during this baseline monitoring year included 
salinity monitoring at the brackish marsh at the Middle Waterway Tideflat Habitat and water 
surface elevation monitoring at the Hylebos Creek Mitigation Site.   
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6.2.2 Summary of Field Activities 
 
Year 0 baseline habitat monitoring activities were initiated in April 2006 with the placement of 
the water surface elevation monitoring probe at the Hylebos Creek Mitigation Site.  The water 
surface elevation monitoring at Hylebos Creek was completed on November 2, 2006.   
 
Brackish marsh salinity monitoring at the Middle Waterway Tideflat Habitat was performed 
between May 2006 and December 2006 
 
Qualitative ground surveys, photo documentation, and elevation monitoring were performed 
primarily on July 10-11, 2006, with minor follow-up on July 12-13, 2006.  Copies of the 
completed inspection forms and photographs are included in the Preliminary Findings 
Memorandum in Appendix E.  The following is a summary of activities performed at each site: 
 
North Beach Habitat – The qualitative ground survey of the site was completed on July 11, 
2006.  Six permanent photo points were established at the locations shown on Figure 6-1.  A 
total of 17 photographs were taken at these points at tidal elevations ranging from 
approximately -1.66 feet MLLW to 1.91 feet MLLW.  Rebar were placed at the photo point 
locations and the points surveyed to allow for reproducibility in subsequent monitoring years.  
Photographs for photo point 5 were retaken on October 17, 2006, as the original photographs 
were lost due to technical difficulties.   
 
Five elevation stakes were placed at the locations shown on Figure 6-1.  Photographs showing 
the elevation stakes in place were taken and the stakes were surveyed to allow for replacement 
if needed.  Top of stake and ground surface elevations were also measured.  Survey 
information for photo point locations and elevation stakes are included in Table 6-3.   
 
Middle Waterway Tideflat Habitat – The qualitative ground survey of the site was completed 
on July 11, 2006.  Four permanent photo points were established at the locations shown on 
Figure 6-2.  A total of eleven photographs were taken at these points at tidal elevations ranging 
from approximately -3.25 feet MLLW to -2.77 feet MLLW.  Rebar were placed at the photo point 
locations and the points surveyed to allow for reproducibility in subsequent monitoring years.   
 
Six elevation stakes were placed at the locations shown on Figure 6-2.  Photographs showing 
the elevation stakes in place were taken and the stakes were surveyed to allow for replacement 
if needed.  Top of stake and ground surface elevations were also measured.  Survey 
information for photo point locations and elevation stakes are included in Table 6-3.   
 
As specified in the OMMP, initial salinity measurements were taken at the site prior to brackish 
marsh planting to ensure that the conditions were suitable.  Three rounds of samples were 
taken in May 2006 as the irrigation system was being adjusted and prior to planting.  Plantings 
were then completed in July 2006, followed by monthly sampling for three months between July 
2006 and September 2006.  Because of inconclusive results for the third of these sampling 
events, a fourth sampling event was performed in December 2006.   
 
Puyallup River Side Channel – The qualitative ground survey of the site was completed on 
July 10, 2006.  Six permanent photo points were established at the locations shown on Figure 
6-3.  A total of ten photographs were taken at these points at tidal elevations ranging from 
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approximately -3.10 feet MLLW to -0.83 feet MLLW.  Rebar were placed at the photo point 
locations and the points surveyed to allow for reproducibility in subsequent monitoring years.   
 
Six elevation stakes were placed at the locations shown on Figure 6-3.  Photographs showing 
the elevation stakes in place were taken and the stakes were surveyed to allow for replacement 
if needed.  Top of stake and ground surface elevations were also measured.  Survey 
information for photo point locations and elevation stakes are included in Table 6-3.   
 
Hylebos Creek Mitigation Site – The qualitative ground survey of the site was completed on 
July 11, 2006.  Seven permanent photo points were established at the locations shown on 
Figure 6-4.  A total of 21 photographs were taken at these points at tidal elevations ranging from 
approximately 0.58 feet MLLW to 3.3 feet MLLW.  In addition, a second set of photographs were 
taken at six of the seven photo point locations at tidal elevations ranging from approximately 
12.69 feet MLLW to 12.74 feet MLLW to show site conditions during periods of inundation.  
Rebar were placed at the photo point locations and the points surveyed to allow for 
reproducibility in subsequent monitoring years.   
 
Six elevation stakes were placed at the locations shown on Figure 6-4.  Photographs showing 
the elevation stakes in place were taken and the stakes were surveyed to allow for replacement 
if needed.  Top of stake and ground surface elevations were also measured.  Survey 
information for photo point locations and elevation stakes are included in Table 6-3. 
 
Water surface elevation monitoring was performed between April 18, 2006 and November 2, 
2006.  The monitoring was completed using a hydrostatic pressure water level sensor attached 
to a data logger.  The logger recorded water depth during periods of inundation in 10-minute 
intervals.  The elevation of the data probe was surveyed to NGVD29 datum.   

Johnny’s Dock Habitat Enhancement – The qualitative ground survey of the site was 
completed on July 10, 2006.  Two permanent photo points were established at the locations 
shown on Figure 6-5.  A total of four photographs were taken at these points at tidal elevations 
ranging from approximately -2.82 feet MLLW to -2.75 feet MLLW.  Rebar were placed at the 
photo point locations and the points surveyed to allow for reproducibility in subsequent 
monitoring years.  Survey information for photo point locations is included in Table 6-3. 
 
Head of Thea Foss Shoreline Habitat – The qualitative ground survey of the site was 
completed on July 10, 2006.  Two permanent photo points were established at the locations 
shown on Figure 6-6.  Two photographs were taken at these points at tidal elevations ranging 
from approximately -2.96 feet MLLW to -2.89 feet MLLW.  Rebar were placed at the photo point 
locations and the points surveyed to allow for reproducibility in subsequent monitoring years.  
Survey information for photo point locations is included in Table 6-3. 
 
SR 509 Esplanade Riparian Habitat – The qualitative ground survey of the site was completed 
on July 10, 2006.  Three permanent photo points were established at the locations shown on 
Figure 6-7.  A total of four photographs were taken at these points at tidal elevations ranging 
from approximately -2.68 feet MLLW to -2.28 feet MLLW.  Rebar were placed at the photo point 
locations and the points surveyed to allow for reproducibility in subsequent monitoring years.  
Survey information for photo point locations is included in Table 6-3. 
 
Log Step Habitat Enhancement – The qualitative ground survey of the site was completed on 
July 10, 2006.  One permanent photo point was established at the location shown on Figure 6-8.  
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One photograph was taken at this point at a tidal elevation of -1.24 feet MLLW.  Rebar was 
placed at the photo point location and the point surveyed to allow for reproducibility in 
subsequent monitoring years.  Survey information for photo point locations is included in Table 
6-3. 
 
6.2.3 Summary of Findings from Baseline Habitat Mitigation Area Monitoring 

 
The primary purpose of the Year 0 monitoring was to document that habitat mitigation and 
enhancement sites were constructed and planted in accordance with the approved plans and 
that sites are in a healthy condition required for plant establishment.  In addition, this monitoring 
event provides documentation of the baseline conditions at the sites.  Results of monitoring at 
each of the sites is described in detail in the Year 0 Baseline Monitoring Habitat Mitigation Area 
Monitoring Preliminary Findings Memorandum, and are summarized in the sections below. 
 
North Beach Habitat – The qualitative ground survey confirmed that the site had been 
constructed and planted in general accordance with the approved plans.  Some of the willows 
were planted farther back from the top of bank than intended in the plan, and are currently in 
close proximity to the access road.  Therefore, additional willows will be planted to ensure that 
adequate coverage is achieved.  Additional distichilis will also be planted in the nodes since 
there was only an estimated 50% survival rate for these plantings.   
 
Minor repairs to the goose exclusion grids are needed along with some minor weeding of the 
area.   
 
Middle Waterway Tideflat Habitat – The qualitative ground survey confirmed that the site had 
been constructed and planted in general accordance with the approved plans.  The plants in the 
brackish marsh nodes appear to be establishing well.  Salinity monitoring indicated that the 
sprinkler system is functioning as designed.  Continued adjustment and maintenance of the 
system, along with monitoring of plant health will be performed to achieve the site performance 
standards.  
 
Some erosion from seeps and springs in the marsh area was identified, but is minor and 
consistent with the amount that would be expected in this setting.  In addition, pickleweed is 
beginning to spread into the southern portion of the site from seed sources in the head of the 
Middle Waterway.   
 
Minor repairs to the goose exclusion grids are needed, along with some limited weeding.  There 
is some bark and other wood debris accumulating within the goose exclusion grids which should 
be removed as needed to prevent impact to the plants.   
 
Puyallup River Side Channel – The qualitative ground survey confirmed that the site had been 
constructed and planted in general accordance with the approved plans.  Only one small area of 
erosion was identified on the outside of the old levee, but no action is necessary at this time.   
 
Overall, this site appeared to be in excellent condition.  Plants are establishing well, and only 
minor weeding and trash removal are needed at this time.  A small temporary shelter, believed 
to be a fishing camp, has been established on the north half of the old levee.  The City has been 
in contact with Puyallup Tribe representatives on this issue. 
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Hylebos Creek Mitigation Site – The qualitative ground survey confirmed that the site had 
been constructed and planted in general accordance with the approved plans.  Planted species 
are generally doing well, although there is some drought stress on the upland forest due to the 
unusually dry summer.  Some bulrush were found to be volunteering in the downstream lobe.   
Overall, this site appeared to be in excellent condition.  Only minor weeding and the repair of 
one of the LWD anchors is needed at this time. 
 
As a result of final discussions with the agencies regarding the acceptance of this site, the City 
is in the process of placing additional LWD as well as smaller branches at the site and in 
Hylebos Creek.  Figure 6-4 has been updated to include this information.  In addition, additional 
red alders will be planted in Spring 2007 in compliance with agency request.  
 
Johnny’s Dock Habitat Enhancement – The qualitative ground survey confirmed that the site 
had been constructed and planted in general accordance with the approved plans.  Overall, the 
site appeared to be in excellent condition.  The distichilis and pickleweed appear to be 
establishing well, however, the tufted hairgrass has not.  A survey was performed to confirm the 
elevation of the top of the planting area.  The survey indicated that the top of the goose 
exclusion fence was between approximate elevations 13.7 feet MLLW and 14.6 feet MLLW.  
This was higher than the planned planting zone of 12 feet MLLW to 13 feet MLLW, and 
therefore, the hairgrass was likely planted at an elevation somewhat higher than is optimum for 
its growth.  Therefore, these plants have been replaced at a somewhat lower elevation.   
 
Head of Thea Foss Shoreline Habitat – The qualitative ground survey confirmed that the site 
had been constructed and planted in general accordance with the approved plans.  The fleshy 
jaumea is not doing well at the site and the City plans to change species and replace the 
jaumea with more distichilis and deschampsia per discussions with the agencies as outlined in 
Section 6.4.2.  In addition, some of the willows will be replaced in the higher elevations where 
survivability was estimated at 50%.  Some gumweed is volunteering at the site. 
 
Minor repairs to the goose exclusion grids are needed, along with some weeding.   
 
SR 509 Esplanade Riparian Habitat – The qualitative ground survey confirmed that the site 
had been constructed and planted in general accordance with the approved plans.  The site 
appeared to be in excellent condition, with only reduced survivability on the Pacific madrone.  
The sprinkler system in the area under the bridge was in good repair and is adequately watering 
this area.  For ease of maintenance of this area, the sprinkler system was extended, after initial 
construction was completed, to the north and south ends of the planting area.   
 
Minor weeding and replanting of some of the Pacific madrone are the only required follow-up 
activities at this site.   
 
Log Step Habitat Enhancement – The qualitative ground survey confirmed that the site had 
been constructed and planted in general accordance with the approved plans.  Overall, the site 
appeared to be in excellent condition with close to 100% survival of the american dunegrass.  
The tufted hairgrass had a fairly low survival rate, and will be replaced in Spring 2007.   
 
Minor weeding and replanting of the tufted hairgrass are the only required follow-up activities at 
this site.   
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As outlined above, very few follow-up actions were identified during this monitoring event and 
these are summarized in Table 6-4.  The status of each of these follow-up actions is described 
in Section 6.3. 

 
6.2.4 Schedule of Habitat Mitigation Area Monitoring Activities 
 
The next round of habitat mitigation area monitoring activities is scheduled for Year 1, in 2007.  
Year 1 monitoring activities are summarized in Table 6-5 and include qualitative site surveys 
and photo documentation at both the mitigation sites and the enhancement sites.  In addition, 
quantitative vegetation monitoring, elevation monitoring, and juvenile salmonid monitoring will 
be performed at the mitigation sites.  The juvenile salmonid monitoring will be conducted during 
the first and last weeks of May 2007.  The remainder of these activities will be conducted in July 
2007 during appropriate tidal cycles.   
 
In addition, invertebrate monitoring will be performed at the Puyallup River Side Channel and 
the Hylebos Creek Mitigation Site in conjunction with the qualitative ground surveys.  Finally, the 
last planned salinity sampling event will be scheduled in March 2007 or April 2007 at an 
appropriate tidal cycle.         
 
6.3 Habitat Mitigation Area Maintenance  
  
6.3.1 Maintenance Approach 
 
The approach established at this time by the City for maintenance of the mitigation sites 
includes a combination of site stewardship (a private contractor) and maintenance by the 
Washington Conservation Crew (WCC).  Both the site steward and WCC have visited the sites 
periodically during the year doing both routine inspections and maintenance, as well as 
specifically following up on issues identified during the qualitative site surveys. 
 
6.3.2 Completed Maintenance Activities 
 
Since the performance of the qualitative site inspections in July 2006, the WCC has followed up 
on the majority of the maintenance issues identified.  Specifically, they have performed the 
following activities: 
 

 Repaired goose exclusion grids at the Head of Thea Foss Shoreline Habitat; 

 Picked up trash as needed from all sites; 

 Tightened the anchors on the LWD at the Log Step Habitat Enhancement area; and 

 Weeded at the Head of Thea Foss Shoreline Habitat, Puyallup River Side Channel, Log 
Step Habitat Enhancement, SR 509 Esplanade Riparian Habitat, and Middle Waterway 
Tideflat Habitat.  

 
Items remaining at this time include: 
 

 Repair goose exclusion grids as needed at the North Beach Habitat and Middle 
Waterway Tideflat Habitat; 

 Minor weeding at the North Beach Habitat and the Hylebos Creek Mitigation Site; 
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 Removal of any remaining wood debris within goose exclusion at the Middle Waterway 
Tideflat Habitat; and 

 Complete placement and tightening of LWD at the Hylebos Creek Mitigation Site. 
  
6.3.3 Replanting Performed as Part of Maintenance Activities  
 
The primary purpose of this baseline monitoring event was to confirm that the sites had been 
constructed and planted in accordance with the approved plans and specifications.  Under the 
approved OMMP, replanting will generally be performed as a contingency action if, upon 
completion of quantitative evaluation, it is determined that plant coverage is less than the 
performance standards.  The first quantitative vegetation survey is not scheduled until Year 1 
monitoring in 2007.  However, during the qualitative surveys, the City identified some areas 
where certain plants had not become established after planting.  The reason for this varied, from 
certain species being planted somewhat higher than optimum at the Johnny’s Dock Habitat 
Enhancement and the Head of Thea Foss Shoreline Habitat, to willows being planted too far 
back from the top of slope at the North Beach Habitat, to potential drought stress during 
establishment.  In some cases, the cause could not be identified. 
 
Because of these issues, and while not specifically required at this time, the City has elected to 
do some replanting and additional plantings as part of maintenance activities to ensure the 
establishment of these habitat areas.  The following replanting/additional plantings have been 
completed at this time: 
 

 Harvested willow stakes from Swan Creek and planted them at the Head of Thea Foss 
Shoreline Habitat; 

 Planted 70 tufted hairgrass at the Johnny’s Dock Habitat Enhancement; 

 Planted 32 tufted hairgrass at the Log Step Habitat Enhancement; 

 Planted 86 oceanspray at the Puyallup River Side Channel; 

 Planted 10 Pacific madrone, 28 oceanspray, 20 rhododendron, and 10 huckleberry at 
the SR 509 Esplanade Riparian Habitat; 

 Planted 238 tufted hairgrass at the Head of Thea Foss Shoreline Habitat; and 

 Planted 86 oceanspray in the riparian area at the Middle Waterway Tideflat Habitat; 
 
Other replanting activities planned for Spring 2007 include the following: 
 

 Plant additional pickleweed at the Johnny’s Dock Habitat Enhancement; 

 Plant additional tufted hairgrass at the Log Step Habitat Enhancement; 

 Plant additional riparian plants at the Puyallup River Side Channel, including snowberry, 
big leaf maple, red alder, cottonwood, and red flowering currant; 

 Plant approximately 280 red alder at the Hylebos Creek Mitigation Site; 

 Plant additional riparian plants, including shore pine, red flowering currant, and salal at 
the SR 509 Esplanade Riparian Habitat; 

 Plant distichilis (saltgrass) and tufted hairgrass at the Head of Thea Foss Shoreline 
Habitat, likely, to replace the fleshy jaumea, per EPA approval (see Section 6.4.2); 
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 Harvest additional willows, likely from Swan Creek, and plant at the Head of Thea Foss 
Shoreline Habitat; 

 In accordance with the approved design, construct four new planting nodes at the Middle 
Waterway Tideflat Habitat to accelerate colonization.  Plantings will include pickleweed, 
distichilis, and tufted hairgrass.  Nodes will be constructed and planted pending agency 
approval of the locations proposed in an email dated January 23, 2007; and  

 Plant additional oceanspray, willows, and distichilis at the North Beach Habitat. 
 

6.4 Contingency Planning and Response Actions 
 

The approach to adaptive management and contingency planning are set forth in Sections 6.4 
and 6.5 of the OMMP, respectively.  To date, only two issues have been identified relative to 
habitat mitigation monitoring that have required potential review of adaptive management and/or 
contingency planning.  These issues are described below.  
 
6.4.1 St. Paul Beach Habitat / North Beach Habitat  
 
After completion of the qualitative site survey in July, some increasing erosion of an area of the 
St. Paul Beach portion of the North Beach Habitat was identified.  The City verbally informed 
EPA that we were tracking this issue in August 2006, and followed up with an email on October 
5, 2006.  In that email, the City proposed the placement of some LWD at the northwest corner of 
the Middle/St. Paul Waterway peninsula to protect the bank.   
 
After further email correspondence, it was determined that the best course of action was to 
conduct a meeting at the site to further evaluate the conditions.  The site meeting was held on 
December 7, 2006.  A Coastal Geologist from the Department of Ecology attended the meeting 
to provide additional expertise.  The consensus at the meeting was that the movement of 
material at the site was not unusual, and that it had likely not reached a state of equilibrium.  
The outcomes from the meeting were to: 
 

 Take quarterly photographs of the site at the established photo points and other relevant 
locations to track continued movement of the beach at the site.  This will be done in 
conjunction with the quarterly monitoring of the CDF beginning in March 2007; 

 Develop a modified plan for placement of LWD at the northwest corner of the peninsula; 
and 

 Evaluate the potential for placement of additional beach nourishment material in the 
future.  The first step of this is to perform a gradation of the surface materials currently 
present at the beach and provide that gradation to the Army Corps of Engineers.  The 
purpose of providing the gradation is to evaluate whether materials are available in 
Commencement Bay that could be used for nourishment of the St. Paul Beach at a 
future date.  A sample of material has been taken and the grain size analysis is being 
performed.   
 

In summary, in terms of the Contingency Planning Procedures set forth in Section 6.5 of the 
OMMP, the following tasks in the Contingency Screening Process have been performed: 
 

 Task 1 – Screening Levels:  The City identified that erosion was taking place at the 
site. 
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 Task 2 – Notice and Verification:  The City notified EPA verbally in August 2006, and 
via email on October 5, 2006.   

 Task 3 – Meeting and Consultation:  A meeting was held on December 7, 2006, to 
review the site conditions. 

 Task 4 – Response to Contingency Screening:  In accordance with the meeting 
outcome, the City will continue to monitor the site and is also gathering information that 
may be needed for determination of future response actions.  In addition, the City is 
preparing a proposal for placement of additional LWD as a contingency action, and will 
place the LWD pending agency approval. 

 
6.4.2 Replacement of Plants at the Head of Thea Foss Shoreline Habitat 
 
During the qualitative site inspection it was found that there was a low survival rate for the fleshy 
jaumea and the tufted hairgrass.  As described in Section 6.3.3, approximately 50% of the 
number of tufted hairgrass originally planted has been replaced at this time with additional tufted 
hairgrass to be planted in Spring 2007.  When completed, 400 of the original 500 tufted 
hairgrass plants will have been replaced.  
 
In attempting to order additional fleshy jaumea for replacement at the site, it was found that the 
species was unavailable at this time from the nurseries.  As a result, the City sent an email 
request to EPA on January 3, 2007, to modify the planting plan to include 200 additional tufted 
hairgrass in lieu of the fleshy jaumea.   
 
Through subsequent email correspondence and review of the construction and planting plans, it 
was identified that the elevation of the log step was probably too high to support the growth of 
the jaumea.  Therefore, on January 10, 2007, U.S. Fish and Wildlife Services recommended the 
planting of a combination of tufted hairgrass, distichlis, and possibly some jaumea and 
additional species.  Therefore, the City has proposed to plant approximately 200 additional 
tufted hairgrass and 300 additional distichilis at the site to replace the 300 fleshy jaumea.  
These plantings will be completed per agency approval received on February 15, 2007.   
 
6.5 Additional Work at the Hylebos Creek Mitigation Site 

 
As part of the final approval of the construction of the Hylebos Creek Mitigation Site, a number 
of meetings and discussions have been held.  As a result, and in the interest of working toward 
final acceptance of the site by EPA, several work elements have been agreed upon: 

 Additional LWD has been placed at the site, and several pieces of LWD are being 
placed in Hylebos Creek.  In addition, some small branches will be placed around the 
LWD; 

 Approximately 280 additional red alders will be planted in the forested wetland area in 
Spring 2007;     

 Invertebrate monitoring has been added in Monitoring Years 1 and 3 to confirm the 
presence of juvenile salmon prey;   

 Water Surface Elevation Monitoring was performed between April 2006 and November 
2006, and additional Water Surface Elevation Monitoring will be performed in Monitoring 
Years 3, 5, 7, and 10; and 



 Section 6.0 – Habitat Mitigation Area Monitoring
 

Annual Operations, Maintenance, and Monitoring Report – Year 0 Page 6-11
Section 6.0 Habitat Mitigation Area Monitoring.doc 
 

 Annual centerline transect surveys of the two channels will be performed to monitor 
elevation changes over time. 

The City believes that the additional water surface elevation monitoring and annual centerline 
transect survey information will allow for reasonable evaluation of this site relative to the 
established performance standards in the future. 
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Table 6-1 
Baseline Monitoring Activities 

 

 North Beach 
Habitat 

Middle Waterway 
Tideflat Habitat 

Puyallup River 
Side Channel 

Hylebos Creek 
Mitigation Site 

Thea Foss 
Enhancement 

Areas 

Qualitative Ground Survey x x x x x 

Photo Documentation x x x x x 

Quantitative Vegetation Monitoring      

Invertebrate Monitoring      

Elevation Monitoring x x x x  

Surface Water Elevation Sampling    x  

Brackish Marsh Salinity Monitoring  x    

Juvenile Salmonid Monitoring      
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Table 6-2 
Mitigation Area Acreage  

Site 
Subtidal, acres 
(Below -10 feet 

MLLW) 

Littoral, acres 
(Between OHW 

and -10 feet 
MLLW) 

Total Aquatic 
Habitat, acres 

Riparian, 
acres 

Puyallup River Side 
Channel  5.39 5.39 0.44 

North Beach 0.10 7.26 7.36 0.30 

Middle Waterway 
Tideflat Habitat  8.84 8.84 0.55 

Hylebos Creek 
Mitigation Site  0.58 0.58 0.30 

1 At the Hylebos Creek Mitigation Site, the riparian area subject to performance monitoring is identified as forested 
wetland (see Figure 6-4). 

Annual Operations Maintenance, and Monitoring Report – Year 0 
Table 6-2 - Mitigation Area Acreage.doc    

Page 1 of 1 
 



Table 6-3 
Survey Information for Photo Points and Elevation Stakes 

 
Elevation 

Top of Stake 
Site Photo Point 

Identification 
Elevation 

Stake 
Identification 

Coordinates 
Top of Stake 

Depth from Top of 
Stake to Sediment 

Surface 

P-1  710023.3 / 1161327   
P-2  709994.3 / 1161228   
P-3  709909.6 / 1160964   
P-4  709869.5 / 1160958   
P-5  709671.7 / 1160934   
P-6  710551.3 / 1160645   

 E-1 710056.7 / 1161259 -0.689 1.07 
 E-2 710001.4 / 1161054 8.207  1.09 
 E-3 709900.2 / 1160916 5.383 0.68 
 E-4 709818.6 / 1160941 5.984 1.02 

North Beach 

 E-5 709742.3 / 1160912 3.442 1.05 

P-1  708961.1 / 1161384   
P-2  708534.1 / 1161575   
P-3  708040.6 / 1161800   
P-4  707863.4 / 1161619   

 E-1 708976.1 / 1161325 6.801 1.05 
 E-2 708792.6 / 1161327 0.398 1.05 
 E-3 708545.3 / 1161470 -1.133 1.05 
 E-4 708494.6 / 1161558 5.429 1.02 
 E-5 708269 / 1161523 0.003 1.05 

Middle Waterway Tideflat 
Habitat 

 E-6 707981.6 / 1161745 5.548 1.05 
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Elevation 
Top of Stake 

Site Photo Point 
Identification 

Elevation 
Stake 

Identification 
Coordinates 

Top of Stake 
Depth from Top of 
Stake to Sediment 

Surface 

P-1  706460.3 / 1164098   
P-2  706548.9 / 1164081   
P-3  706064.8 / 1163970   
P-4  705490.6 / 1164036   
P-5  705143.7 / 1164421   
P-6  705321.7 / 1164354   

 E-1 706461.3 / 1164073 6.273 1.06 
 E-2 706278.4 / 1164065 3.089 1.03 
 E-3 706109.5 / 1164066 1.68 1.05 
 E-4 705269.5 / 1164313 0.563 1.06 
 E-5 705220.3 / 1164352 2.443 1.05 

Puyallup River Side 
Channel 

 E-6 705180.7 / 1164385 4.414 1.08 

P-1  706015.6 / 1181008   
P-2  705967.8 / 1181125   
P-3  705840.7 / 1181168   
P-4  705733.2 / 1181050   
P-5  705943.3 / 1181089   
P-6  705787.3 / 1181053   
P-7  705708.4 / 1181016   

 E-1 705743.9 / 1181053 2.483 1.07 
 E-2 705904.4 / 1181079 2.474 1.05 
 E-3 705819.2 / 1181135 6.49 1.07 
 E-4 705869.6 / 1181162 3.829 1.07 
 E-5 705955.1 / 1181110 2.97 1.07 

Hylebos Creek Mitigation 
Site 

 E-6 705999 / 1181026 2.763 1.03 
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Elevation 
Top of Stake 

Site Photo Point 
Identification 

Elevation 
Stake 

Identification 
Coordinates 

Top of Stake 
Depth from Top of 
Stake to Sediment 

Surface 

P-1 703065.1 / 1160772   Johnny’s Dock Habitat 
Enhancement P-2 703022.6 / 1160731   

P-1  702352.7 / 1160773   Head of Thea Foss 
Shoreline Habitat P-2  701860.2 / 1160780   

P-1  702697.8 / 1160410   
P-2  702498.2 / 1160286   

SR 509 Esplanade Riparian 
Habitat 

P-3  702257.3 / 1160311   
Log Step Habitat 
Enhancement P-1 705509.6 / 1160052  

 

 
Note: Horizontal Datum 83-91 
 Vertical Datum NGVD 29 
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Table 6-4 
 

Summary of Preliminary Findings from  
Baseline Habitat Mitigation Area Monitoring 

 

Site Corrective Action Tasks 

North Beach Habitat    

- minor repairs to the goose exclusion grid 

- minor weeding 

- replanting 

Middle Waterway Tideflat Habitat 
- minor repairs to the goose exclusion grids 

- removal of wood debris within goose exclusion 

Puyallup River Side Channel 
- minor weeding 

- trash removal 

Hylebos Creek Mitigation Site 

- minor weeding 

- repair of anchor on LWD 

- place additional LWD, small branches, and 
plant additional red alder per final site approval 
agreement 

Log Step Habitat Enhancement 
- minor weeding 

- tighten anchors on logs 

SR 509 Esplanade Riparian Habitat - minor weeding 

Head of Thea Foss Shoreline Habitat 

- minor repairs to the goose exclusion grid 

- minor weeding 

- replanting 

Johnny’s Dock Habitat Enhancement 
- survey to confirm elevation at top of planting 

- replanting of Tufted Hairgrass 
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Table 6-5 
Year 1 Monitoring Activities 

 

 North Beach 
Habitat 

Middle Waterway 
Tideflat Habitat 

Puyallup River 
Side Channel 

Hylebos Creek 
Mitigation Site 

Thea Foss 
Enhancement 

Areas 

Qualitative Ground Survey x x x x x 

Photo Documentation x x x x x 

Quantitative Vegetation Monitoring x x x x  

Invertebrate Monitoring   x x  

Elevation Monitoring x x x x  

Water Surface Elevation Sampling      

Brackish Marsh Salinity Monitoring  x    

Juvenile Salmonid Monitoring x x x x  
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7.0 ADDITIONAL PROJECT RELATED ACTIVITIES 
 
7.1 Introduction 
 
Numerous other activities were identified during the development of the OMMP that have some 
affect on the project.  Therefore, status updates on these various activities will be provided for 
informational purposes in this section of the annual reports.   
 
7.2 Institutional Controls 
 
In September 2006, the City received EPA approval of an Institutional Controls Plan for the 
project.  The objective of the plan is to ensure that contamination capped in the Thea Foss and 
Wheeler-Osgood Waterways and in the Confined Disposal Facility within the St. Paul Waterway, 
and contamination which is otherwise left in place in the Thea Foss and Wheeler-Osgood 
Waterways (i.e., in natural recovery areas), remains contained and/or undisturbed for the 
purpose of: 
 

 Reducing the potential exposure of marine organisms to contaminated sediments 
disposed of and confined in aquatic disposal sites or confined by capping; and 

 Reducing the potential exposure of marine organisms to contaminated sediments left in 
place in the Thea Foss and Wheeler-Osgood Waterways. 
 

To date, the following elements of the plan have been implemented by the City: 
 

 The plan requires that restrictive covenants be placed on that portion of a property 
abutting the Thea Foss and Wheeler-Osgood Waterways where active remediation took 
place.  The purpose of these covenants is to ensure that others refrain from activities 
that may interfere with or adversely affect the implementation, integrity, or protectiveness 
of the remedial measures and/or habitat improvements constructed as a part of this 
project.  On January 12, 2007, restrictive covenants were recorded for all City-owned 
properties abutting the waterway.  In addition, the City worked with the two parties who 
did not sign the Consent Decree, the Foss Waterway Development Authority (FWDA) 
and Foss Landing LLC, to place restrictive covenants on these properties.  To date, the 
restrictive covenants have been recorded on properties within the City’s work area 
owned by the FWDA.  Foss Landing LLC recently recorded a boundary line adjustment 
for their properties, so there is a short delay in filing their restrictive covenants until the 
Pierce County Auditor assigns new parcel numbers.  EPA is working with other parties 
who did sign the Consent Decree to record covenants on these properties.  Many of 
these have been filed and others are currently in process. 

 The City provided a copy of the Institutional Controls Plan to the Washington State 
Department of Transportation with the intent to assure that maintenance of the 11th 
Street Bridge and the SR 509 Bridge is undertaken in a manner that protects the 
remedial actions within the waterways.   

 The City provided notice, and a copy of the Institutional Controls Plan, to all parties who 
signed the Consent Decree (i.e., the settling parties).  The notice indicated that EPA had 
issued their Certification of Completion of Remedial Action Construction and reminded 
property owners to refrain from any actions that would adversely affect the 
protectiveness of the remedy.   
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 Project representatives worked with the City’s Building and Land Use Services (BLUS) 
division to develop procedures to ensure that future development in and adjacent to the 
areas of the waterways where remedial actions and habitat mitigation work have been 
completed, are undertaken in a manner that protects the remedy.  Specifically, the 
following actions were undertaken: 

o An informational handout was drafted and submitted to the agencies for 
approval.  Once finalized, the handout will be given to persons seeking a 
building, shoreline, and/or wetlands permit in affected areas; 

o Copies of the City’s, the Utilities’, and DNR’s Institutional Controls Plans were 
provided to the City’s Land Use Administrator and the Division Manager of BLUS; 

o Training sessions were conducted with applicable permitting and inspection staff 
to provide information and to help ensure that projects being proposed in affected 
areas are “flagged” by BLUS for additional review; and 

o A data layer was added to the City’s govME website showing cleanup, sediment 
disposal, and mitigation areas.  In addition, links to the Institutional Controls Plan 
and to additional information about the cleanup were added;   

 The City submitted a request to update navigational charts to the National Oceanic and 
Atmospheric Administration (NOAA); 

 The City submitted a request to the United States Coast Guard (USCG) to establish a 
regulated navigation area prohibiting anchorage and other activities that could disturb 
the cap;  

 The City is working with the USCG on the potential placement of additional signage in 
the waterway; 

 Informational signs are being produced and will be installed in the upland area; and  

 A training session with the Tacoma Police Marine Unit was conducted to share 
information about the cleanup and to exchange contact information for potential use in 
the event of activities that could impact the remedy. 

 
To date, only one development proposal has come in where the proposal needed to be 
evaluated relative to its potential impact on cleanup areas.  This occurred in early 2007 at the 
Foss Waterway Marina property where the owner had previously been issued a Hydraulic 
Project Approval (HPA) and a Corps of Engineers Permit for removal and replacement of 
several boathouses.  In a letter dated January 31, 2007, EPA provided conditions related to 
piling removal and replacement, along with requirements for monitoring during the work.  The 
work is currently underway and is expected to be completed by the end of February. 
 
7.3 Stormwater Source Control 
 
The City has an ongoing source control program that has been underway for over 20 years.  
The stormwater monitoring and source control program for the municipal storm drainage system 
tributary to the Thea Foss and Wheeler-Osgood Waterways is being conducted as required by 
the Consent Decree and in cooperation with Ecology.  The need for and prioritization of specific 
additional source controls is evaluated in conjunction with the monitoring of the sediments being 
performed under the OMMP. 
 
The following activities are currently underway.  
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Stormwater Monitoring Program – The City continues to evaluate potential source(s) of the 
chemicals of concern in the Thea Foss Basin through monitoring of stormwater, baseflow, and 
particulate matter in seven outfalls.  Results for each outfall are evaluated relative to other 
outfalls to establish the chemicals of concern for each basin.  Based on this analysis, the 
chemicals of concern for each basin are: 
 

 Mercury, PAHs, phthalates and PCBs/pesticides in Basin 230; 

 LPAHs in Basin 237A;  

 Mercury, PAHs, and phthalates in Basin 235; 

 Acenaphthene, mercury and phthalates in Basin 243; 

 PAHs in Basin 254; and   

 Acenaphthene and phthalates in Basin 245. 
 
The stormwater monitoring program is only one part of the Thea Foss Post-Remediation Source 
Control Strategy.  This strategy is set forth in the Stormwater Control Remedial Design Work 
Plan Addendum dated November 2001, which is included by reference in the Consent Decree.  
The priority of continuing source control actions are set as part of the City’s Thea Foss Post-
Remediation Source Control Strategy and are presented in the Thea Foss Waterway Annual 
Source Control Reports. 
 
Spills, Complaints, and Inspections – City staff responded to 577 spills/complaints in 2006 
including conducting investigations as well as providing technical assistance.  This included 142 
spills/complaints in the Thea Foss Basin.  In addition, staff conducted 162 business inspections 
in 2006.  Information from various source control field activities are entered into a database.  
This database continues to expand and includes many data points making it an effective tool for 
retrieving historical information and examining trends.   
 
Sediment Phthalate Work Group – The City, EPA, Ecology, King County/Metro, and Seattle 
Public Utilities continue to work together to discuss and evaluate phthalates and their affect on 
sediments.  Topics being evaluated by this group include sources in the environment, source 
control, toxicity, and response actions.  A Policy Group, including representatives from each of 
these agencies approved a work plan and schedule on October 9, 2006.  The work group has 
met numerous times to date, and several additional meetings are planned for Spring and 
Summer 2007.   
 
EvTec Stormwater Structural Control Study – The City is continue to work on the evaluation 
of possible stormwater treatment options using a test facility located adjacent to the Ship Canal 
in Seattle.  Data collection was completed on the StormFilter Unit in December 2005, and a 
report is currently being prepared for expected submittal for agency review in April 2007.  
Sampling of the AquaFilter is currently underway. 
 
City of Tacoma Staffing – In 2006, the City’s Stormwater section hired two permanent, full time 
Source Control Representatives.  In addition, the City is moving forward with a reorganization of 
the Source Control workgroup with the intent of assimilating the storm and sanitary sections.  
This newly formed Environmental Compliance Support section will include separate units 
dedicated to inspections, investigations/field services and enforcement.  The Source Control 
Representatives from the combined section will perform spill/complaint responses and business 
inspections to meet the requirements of Tacoma’s Phase I Municipal Stormwater NPDES 
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Permit and wastewater pretreatment monitoring.  The representatives will assist the Foss 
Source Control Senior Environmental Specialists as needed. 
 
Additional information on the various ongoing stormwater source control activities can be found 
in the Annual Stormwater Source Control Reports.  In addition, in January 2007, the City of 
Tacoma submitted the August 2001-August 2006 Thea Foss Stormwater Monitoring Report to 
Ecology and EPA for review and approval.   
 
7.4 Recontamination in the Head of the Thea Foss Waterway 
 
As described in Section 1.0, operations, maintenance, and monitoring of remedial activities in 
the head of the Thea Foss Waterway are being performed by the Utilities as part of the Head of 
the Thea Foss Waterway Remediation Project (Figure 1-1).  These activities are being 
performed under the Operations, Maintenance, and Monitoring Plan for the Head of the Thea 
Foss Waterway Remediation Project (Tetra Tech 2003).  OMMP activities in this area include 
cap integrity, recontamination, and recolonization monitoring.  An increased level of monitoring 
has been incorporated into the OMMP for the Head of the Thea Foss Waterway to evaluate 
recontamination in the area where additional cap material was placed in response to 
construction residuals and to evaluate the presence and concentration of BEHP and PAHs.   
 
7.4.1 Placement and Monitoring of Additional Cap Material 
 
As part of remedial activities in the City’s work area, additional cap material was placed in the 
Utilities’ work area (i.e., the head of the Thea Foss Waterway) between approximate Stations 
70+10 and 73+00 in response to the presence of dredge residuals containing chemical 
concentrations greater than the SQOs.  The additional cap material was placed by the City in 
December 2005.  Documentation of the placement of additional cap material and post-
placement confirmation sampling and analysis is presented in Construction Correspondence 
Memorandum 2230 (CR 2230) provided in the Remedial Action Construction Report (RACR) 
(City of Tacoma 2006).   
 
In response to a request by EPA (November 30, 2005), the Utilities’ OMMP for the Head of the 
Thea Foss Waterway was subsequently revised to include additional sampling locations and 
sampling and analysis frequency to monitor the effectiveness of the additional cap material 
placement.  The revision to the Utilities’ OMMP was identified in a plan that was cooperatively 
developed by the City and representatives of the Utilities.   This plan was approved by EPA on 
May 4, 2006.  The plan was incorporated into the OMMP for the Head of the Thea Foss 
Waterway Remediation Project as an amendment.   
 
Monitoring was performed in the area of additional cap material placement in 2006 (OMMP Year 
2 for the Head of the Thea Foss Waterway) by the Utilities with City oversight in accordance 
with the approved amendment to the Utilities’ OMMP.  Compliance monitoring samples (i.e., 0 
to 10 cm) were collected from WC-10, WC-11, WC-12, S-15, S-17, S-19, and S-24 and 
analyzed for SVOCs, metals, DDT compounds, PCBs, and conventionals (Figure 7-1).  The 
detected chemical concentrations in compliance monitoring samples collected from the area of 
additional cap material placement were less than the SQOs.   Additionally, benthic 
recolonization monitoring was performed by the Utilities in the area of additional cap material 
placement at WC-10, WC-11, WC-12, and S-19 as part of their Year 2 monitoring.  This 
monitoring indicates that recolonization is taking place in the area where additional cap material 
was placed.  The results for monitoring of the area of additional cap material placement are 
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presented in the Head of the Thea Foss Waterway Remediation Project, Results of Year 2 
Operations, Maintenance and Monitoring Plan Sampling (Tetra Tech 2006).   
 
7.4.2 Bis(2-ethyhexyl)Phthalate Monitoring 
 
An additional plan was developed for bioassay testing in the head of the Thea Foss Waterway 
in response to the presence of BEHP at concentrations greater than the SQO in samples 
collected at WC-08 and WC-09.  The samples were collected at WC-08 and WC-09 (located 
south of the additional cap material placement area) in December 2005 as part of post-
placement confirmation monitoring.  Documentation of sample collection and analysis is 
presented in Construction Correspondence Memorandum 2230 (CR 2230) provided in the 
RACR (City of Tacoma 2006).   
 
The plan for bioassay testing was prepared in accordance with the OMMP for the Head of the 
Thea Foss Waterway.  The Utilities’ OMMP states that if chemical SQO exceedances are 
observed or predicted to occur, a plan will be developed and submitted to EPA that identifies 
additional field sampling to be performed to evaluate the nature, extent, and severity of SQO 
exceedances.  The plan for bioassay testing was cooperatively developed by the City and 
representatives of the Utilities and submitted to EPA on March 23, 2006.  The plan for bioassay 
testing was approved by EPA on May 1, 2006.     
 
Based on the bioassay plan, four locations with BEHP concentrations exceeding the SQOs in 
samples collected as part of the Utilities’ Year 2 (i.e., 2006) monitoring were selected for 
bioassay testing.  Sample material from WC-02, WC-04, WC-05, and WC-06 were submitted for 
bioassay testing in accordance with the Quality Assurance Project Plan provided in the Utilities’ 
OMMP.  The results of bioassay testing showed some biological effects associated with the test 
sediments from the head of the waterway where BEHP is present at concentrations greater than 
the SQO.    
 
A meeting was held on September 14, 2006, including representatives from EPA, Washington 
State Department of Ecology, Army Corps of Engineers, the Utilities, and the City to discuss the 
results of chemical and bioassay testing and to develop a response plan to address the test 
results.  Subsequent to the meeting, a plan was cooperatively developed by the City and 
representatives of the Utilities for additional compliance monitoring within the head of the Thea 
Foss Waterway.  The plan was submitted to EPA for review on November 28, 2006.  Because 
the head of the waterway has not reached equilibrium, the proposed plan includes additional 
compliance monitoring for phthalates and PAHs in the head of the Thea Foss Waterway as part 
of the Utilities’ Year 3 (i.e., 2007) monitoring.  Sampling is expected to be performed in May 
2007, pending EPA approval of the plan. 
 
The additional sampling proposed to evaluate phthalate and PAH recontamination in the head 
of the Thea Foss Waterway includes collection and analysis of compliance samples (0 to 10 cm) 
from 11 sampling locations that were not identified for sampling as part of the Utilities’ Year 3 
OMMP activities.  The additional compliance samples will be collected from the locations below 
and south of the SR 509 Bridge at the head of the Thea Foss Waterway where previous 
sampling and analysis identified detected BEHP at concentrations greater than the SQO (i.e., 
WC-01 through WC-09, WC-13, and WC-14) during Year 2.  The additional compliance 
monitoring samples are proposed to be analyzed for total organic carbon, total solids, 
phthalates, and PAHs.  The analyses for these parameters will be performed in accordance with 
the OMMP for the Head of the Thea Foss Waterway.  To ensure data comparability, the 
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additional recontamination sampling being proposed is to be performed consistent with and in 
conjunction with the Utilities’ Year 3 OMMP (i.e., 2007) sampling.   
 
The results of phthalate and PAH analyses of compliance samples performed as part of the 
Utilities’ Year 3 OMMP monitoring activities will be compared to the results of previous 
monitoring to evaluate temporal and spatial concentration trends within the head of the 
waterway.  An evaluation will be performed to identify whether phthalate and PAH 
concentrations are continuing to change over time and aerial extent or have equilibrated.  The 
results will be used to inform the next steps in response to phthalate and PAH recontamination 
at the head of the waterway.  This evaluation and any associated response actions will also 
consider the findings and recommendations of the Sediment Phthalate Work Group (Section 
7.3).  
 
7.5 Deauthorization of Navigation Channel in Encroachment Areas 
 
In accordance with a Memorandum of Agreement between the Army Corps of Engineers and 
EPA, the City was required to initiate an informal process to deauthorize portions of the federally 
authorized channel where capping materials encroach on the authorized width.  On December 
22, 2006, the City distributed a letter to adjacent property owners which included a map of the 
area proposed for deauthorization, an explanation of why deauthorization is proposed and what 
it might mean to waterway users, a questionnaire for them to fill out and return to the City, and a 
date for a public meeting to discuss the proposal. 
 
To date, questionnaires have been received from the majority of affected parties.  The City is 
continuing to gather information from remaining affected parties and will be discussing next 
steps with the agencies in the near future.       
 
7.6 Simpson Log Haul Out Operations, Maintenance, and Monitoring 
 
Since relocation of the Log Haul Out Facility to the Middle Waterway was completed in 2004, 
Simpson is required to monitor this area for presence of wood debris.  The City received copies 
of their Baseline Pre-Operations Monitoring Report from October 2004, and the Year 1 Post-
Operation Report from April 2005.  Copies of these reports can be found in Appendix G.  The 
City’s interest in these reports is primarily related to the presence of wood debris in the area, to 
the extent that it could have an impact on the success of the adjacent mitigation sites. 
 
During Simpson’s monitoring surveys, divers record observations along transects generally 
parallel to the shoreline.  Observations include substrate type, presence of wood or other debris, 
and presence of vegetation.  The reports include a summary of the observations made during 
the surveys, and no follow-up actions were identified in the documents. 
 
It should be noted that some degree of wood accumulation was identified at the Middle 
Waterway Tideflat Habitat in Summer 2006.  This wood debris did not appear to be impacting 
plant establishment at the mitigation site.  During a later observation at the site in the winter, this 
wood debris was no longer present.  According to David Adams, who has been Simpson’s 
mitigation site steward for several years, this is an annual phenomenon due to the seasonal 
winds and has not impacted other mitigation site development in the area. 
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7.7 Tacoma Metals Waste Management 
 
During construction of the Puyallup River Side Channel habitat mitigation site, materials being 
removed from the southern portion of the site were found to contain battery casings and debris.  
The debris was suspected as having come from a non-ferrous metal reclamation facility 
previously operated by Tacoma Metals on the adjacent property.   
 
Through an agreement with Tacoma Metals’ successors, and with agency approval, a lined 
Temporary Containment Unit (TCU) was constructed on the Tacoma Metals Property.  A June 
9, 2005 letter from the Washington Department of Ecology to the property owners’ 
representative outlined the work plan for the handling of this material.  In all, an estimated 2,000 
CY of material excavated from the Puyallup River Side Channel site was placed in the TCU.  
The disposal option for this material is to be determined as part of the Tacoma Metals Model 
Toxics Control Act (MTCA) site cleanup.   
 
As of the date of this report, the property owners are continuing to work with Ecology on the 
development of a cleanup plan for the site.  It is currently anticipated that the stored material will 
be dealt with in summer 2007.   
 
 
 
FIGURE 
 
7-1 – Head of the Thea Foss Waterway Year 3, (2007) OMMP Sample Locations 
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PRELIMINARY FINDINGS MEMORANDUM 
LOW TIDE SLOPE CAP INSPECTIONS 

 
 
Introduction 
 
This memorandum presents the findings from Year 0, baseline low tide slope cap inspection 
performed in the Thea Foss and Wheeler-Osgood Waterways.  Low tide slope cap inspections 
are required as part of Cap Integrity Monitoring specified in the EPA-approved Operations, 
Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project (City of Tacoma 2006).  The OMMP requires that low tide slope cap 
inspections be conducted during Years 0 (baseline), 2, 4, 7, and 10.  This memorandum 
presents the findings from the Year 0, baseline low tide slope cap inspections. 
 
The following sections summarize the low tide inspection requirements and the findings of low 
tide inspections performed.  As described in the OMMP, slope caps were inspected during low 
tide conditions in RAs 1, 3, 8, 14, 19A, 19B, 20, and the Sheen Source Removal Area in the 
Wheeler-Osgood Waterway.  The low tide slope cap inspections were performed in accordance 
with the OMMP.  Provided with this memorandum are attachments that contain the field forms 
and photographs documenting observations during the inspections.   
 
Summary of Low Tide Slope Cap Inspection Requirements 
 
The OMMP specifies that low tide slope cap inspections be performed to verify the physical 
integrity of the intertidal portion of slope caps and containment of underlying contaminated 
sediment.  Low tide slope cap inspections are to be performed on the exposed shoreline portion 
of slope caps (including grout mat caps) in RAs 1, 3, 8, 14, 19A, 19B, and 20 when tidal 
elevations are at or below 0.0 feet Mean Lower Low Water (MLLW) (Figure 1).  Additionally, a 
low tide cap inspection is to be performed in the Sheen Source Removal Area located in the 
Wheeler-Osgood Waterway in accordance with the OMMP.   
 
Standardized field forms and photographs are used to document observations of slope caps at 
approximate 100-foot monitoring intervals along the designated shoreline areas.  The 
inspections are to document the following observations; 
 

 Slope cap surface characteristics (i.e., rip rap, quarry spalls, habitat mix, etc.); 

 Area of slope cap coverage; 

 Presence/absence of habitat mix; 

 Any areas of exposed sediment due to washout of the slope cap; 

 Any areas of sediment accretion; 

 Evidence of groundwater seepage; 

 Any apparent loss of slope cap material;  

 Any apparent down-slope movement of cap materials; 

 Presence of debris on the cap surface;  

 Indicators of potential contamination (i.e., sheen or staining) within the surface 
sediment; and 
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 Verification that grout mat slope cap areas are effectively containing the underlying 
contaminated sediments. 

 
The OMMP requires that low tide slope cap inspections be conducted during Years 0 (baseline), 
2, 4, 7, and 10.   
 
Summary of Field Activities 
 
Year 0, low tide slope cap inspections were initiated in July 2006 and completed in October 
2006.  Initial inspections were performed July 10-12, 2006, in RAs 1, 3, 8, 14, 19A, 19B, and 20 
when tidal elevations were at or below 0.0 feet MLLW.  Additional photographs were 
subsequently taken in several areas on August 9, 2006, as photographs for several monitoring 
intervals taken during the July monitoring were not of satisfactory quality  (i.e., were too dark) or 
did not provide adequate coverage of specific areas.  Finally, a low tide inspection was 
performed at the Sheen Source Removal Area on October 3, 2006, when the tidal elevation was 
0.0 feet MLLW.  The low tide inspection of the Sheen Source Removal Area was added to post-
construction monitoring activities during finalization of the OMMP in September 2006.  
 
Prior to initiation of inspection activities performed July 10-12, 2006, a quality control check was 
performed on coordinates recorded by the Global Positioning System (GPS) unit used to 
document monitoring interval endpoints and photograph points.  The GPS readings were within 
10 feet of the recorded benchmark coordinates as required in the OMMP. 
 
The low tide inspections of RAs 1, 3, 8, 14, 19A, 19B, 20, and the Sheen Source Removal Area 
were begun from the southern boundary of each area.  In each area, a 100-foot long rope 
sectioned into 25-foot intervals and marked with red and yellow buoys (i.e., red buoys at either 
end and yellow buoys at 25 foot intervals) was stretched out to identify the monitoring interval to 
be inspected.  The monitoring interval was then inspected and observations were documented 
on field forms and with photographs.  Coordinates for the ends of each monitoring interval and 
photograph location were recorded on the field forms.  The procedure was repeated until each 
monitoring interval was inspected. 
 
The following sections summarize the findings from the Year 0 low tide slope cap inspections. 
 
RA 1 
 
Low tide slope cap inspection of the shoreline in RA 1 was performed on July 12, 2006, at tidal 
elevations between approximately -1.7 feet MLLW and -3.0 feet MLLW.  Five, approximately 
100-foot monitoring intervals were established for inspection and documentation of the integrity 
of the slope cap and upper shoreline area in RA 1 (i.e., RA1-1 through RA1-5) (Figure 1).   
 
Prior to remedial construction, the shoreline slope in RA 1 was comprised of rip rap armoring 
and concrete piers.  A thick slope cap was constructed in RA 1 over the existing armoring from 
elevation 2.0 feet MLLW to the toe of the slope (i.e., approximately -33 feet MLLW) as part of 
remedial actions.  Additionally, habitat mix was placed over the pre-existing rip rap armoring and 
the thick slope cap from 13 feet MLLW to -10 feet MLLW.   
 
No deficiencies were identified upon inspection of the thick slope cap in RA 1.  Rip rap, with 
habitat mix contained within the voids of the rip rap, was observed during inspection of RA 1 
(Attachment A, RA 1).  A benched area was observed at approximately 2.0 feet MLLW where 
the upper boundary of the slope cap intersects with the pre-existing rip rap slope.  One apparent 
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piece of flotsam, a plastic pipe, was observed during the inspection.  No response actions are 
warranted based on the Year 0, baseline low tide slope cap inspection. 
 
RA 3 
 
Low tide slope cap inspection of the shoreline in RA 3 was performed on July 12, 2006, at tidal 
elevations between approximately -1.0 feet MLLW and 0.0 feet MLLW.  Four, approximately 
100-foot monitoring intervals were established for inspection and documentation of the integrity 
of the slope cap in RA 3 (i.e., RA3-1 through RA3-4) (Figure 1).   
 
The slope cap in RA 3 is comprised of a combination of an exposed grout mat and thick slope 
cap constructed from the top of the bank (i.e., an elevation of approximately 17.0 feet MLLW to 
approximately -22 feet MLLW).  Additionally, habitat mix was placed over the thick slope cap 
(i.e., not the grout mat) from elevation 13 feet MLLW to -10 feet MLLW.   
 
No deficiencies were identified upon inspection of the exposed grout mat as no visual signs of 
disruption (i.e., cracking, etc.) were observed (Attachment A, RA 3, Monitoring Intervals RA3-2 
and RA3-3).  Rip rap, with habitat mix contained within the voids of the rip rap, was observed 
during inspection of the thick slope cap portion of RA 3.  No deficiencies were identified upon 
inspection of the thick slope cap in two of the four inspection intervals (i.e., Monitoring Intervals 
RA3-1 and RA3-4).  In two small areas, one area on either side of the grout mat, underlying 
geotextile or metal and foundry slag material were observed to be exposed in the capped area 
(Attachment A, RA 3, Monitoring Intervals RA3-2 and RA3-3).  Additional photographs were 
taken of the slope cap areas where geotextile or metal and foundry slag material were observed 
in RA 3 (Attachment B, RA 3).   
 
South and adjacent to the grout mat, at an elevation predominantly between approximately 13.0 
feet MLLW and 17.0 feet MLLW, geotextile material can be seen at the surface of the shoreline 
or through the slope cap material.  Most of the area is above the ordinary high water (OHW) line 
so is not actually part of the confining slope cap (Attachment B, RA 3, Monitoring Interval RA3-
2, Photographs 22 and 23).  During remedial activities, geotextile was placed beneath the slope 
cap in the area extending from the south edge of the grout mat to approximately 40 feet south of 
the grout mat and from the top of the bank down to approximate elevations between 5.0 feet 
MLLW and 10.0 feet MLLW.  Then the slope cap filter material, rip rap, and habitat mix were 
placed over the geotextile.  Based on inspection observations, it appears that some material 
present in this upper slope area where the geotextile was placed has moved downslope.  The 
underlying geotextile is exposed in places but is observed to be intact. 
 
Approximately 50 feet north of the northern boundary of the grout mat, at an elevation between 
approximately 10.0 feet MLLW and 13.0 feet MLLW, a solid mass of metal and foundry slag 
material can be seen protruding through the cap (Attachment B, RA 3, Monitoring Interval RA3-
3, Photographs 24, 25, and 263).  During remedial activities, filter material, rip rap, and habitat 
mix were placed over the metal and foundry slag material.  Based on inspection observations, it 
appears that the slope cap (i.e., filter material, armoring, and habitat mix) has settled around the 
material exposing the underlying mass of metal or foundry slag.  The area where this material 
can be observed through the cap is approximately 10 feet in diameter. 
 
The two areas of the slope cap in RA 3 where geotextile and metal or foundry slag material are 
observed at the cap surface require repair to confine the exposed materials and stabilize the 
slope in the area of the exposed geotextile.  A plan for repair of these areas will be submitted to  
the Environmental Protection Agency (EPA) for review in a separate memorandum. 
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RA 8 

Low tide slope cap inspection of the shoreline in RA 8 was performed on July 10-12, 2006, at 
tidal elevations between approximately -3.2 feet MLLW and -0.1 feet MLLW.  Sixteen, 
approximately 100-foot monitoring intervals and one 50-foot interval were established for 
inspection and documentation of the integrity of the slope cap in RA 8 (i.e., RA8-1 through RA8-
17) (Figure 1).   
 
The remedial action in RA 8 consists of a thick slope cap constructed from the top of the bank to 
the bottom of the shoreline slope except beneath the Colonial Fruit Warehouse and the wood 
esplanade at Foss Waterway Marina where habitat mix was placed over existing shoreline 
armoring.     
 
No deficiencies were identified upon inspection of the thick slope cap in 15 of 17 monitoring 
intervals in RA 8 (Attachment A, RA 8, Monitoring Intervals RA8-1 through RA8-13, RA8-15, 
and RA8-17).  Habitat mix or rip rap and quarry spalls with habitat mix contained within the 
voids of the rip rap and quarry spalls were observed during inspection of RA 8 including the 
areas beneath the Colonel Fruit Warehouse and wood esplanade at the Foss Waterway Marina.  
In two areas in the northern portion of RA 8, adjacent to the Foss Waterway Marina, piling or 
debris were observed at the cap surface (Attachment A, RA 8, Monitoring Intervals RA8-14 and 
RA8-16).  Additionally, groundwater seeps were observed in the same general area as the piling 
(Attachment A, RA 8, Monitoring Interval RA8-14).  Finally, a thin layer of sediment accretion 
and/or settlement of fines from capping material was observed in localized areas in RA 8 
(Attachment A, RA8, Monitoring Intervals RA8-1, RA8-3 through RA8-5, RA8-11, RA8-12, RA8-
14, and RA8-15).  Additional photographs were taken of the areas in RA 8 where piling, debris, 
and seeps were observed at the surface of the slope cap (Attachment B, RA 8).   
 
Beneath and adjacent to the southernmost Foss Waterway Marina gangway and southern end 
of the wood esplanade, two piling were observed to protrude between approximately one foot 
and two feet above the cap surface (Attachment B, RA 8, Monitoring Interval RA8-14, 
Photograph 10).  The piling are present at approximate elevations of 2.5 feet MLLW and -3.0 
feet MLLW.  During remedial activities, slope cap filter material, quarry spalls, and habitat mix 
were placed on the slope to cap the area.  Based on inspection observations, it appears that the 
piling may not have been cut off at an elevation that allowed complete coverage by cap 
materials.  The piling that is at the approximate elevation of -3.0 feet MLLW does not appear to 
have been cut off and was likely submerged and not seen during construction.  The piling at the 
approximate elevation of 2.5 feet MLLW was cut off during construction (i.e., a pre-construction 
photograph shows a full length piling at this location) but does not appear to have been cut off at 
an elevation that allowed complete coverage by cap material.  It may also be that the slope cap 
materials have settled around the piling helping to expose the piling at the cap surface.   
 
Several groundwater seeps were observed in the area at the southern end of the wood 
esplanade and adjacent to the southernmost Foss Waterway Marina gangway (Attachment B, 
RA 8, Monitoring Interval RA8-14, Photographs 9 and 11).  The water discharging from the 
seeps was clear and the volume of water discharging was not observed to be causing erosion 
or disruption of cap materials.  
 
At the northern end of RA 8, adjacent to the water-ward face of the wood esplanade, debris was 
observed protruding through the cap in an area approximately two feet high by three feet wide 
(Attachment B, RA 8, Monitoring Interval RA8-16, Photographs 7 and 8).  The debris is a 
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cohesive mass that is orange indicating an iron component (i.e., oxidized iron or rust).  The 
debris is present at an elevation of approximately 2.0 feet MLLW.  Based on inspection 
observations, it appears that the cap materials have settled and/or moved downslope exposing 
the debris. 
 
Sediment accretion and/or settlement of fines from capping material were observed 
intermittently in RA 8 (Attachment A, RA8, Monitoring Intervals RA8-1, RA8-3 through RA8-5, 
RA8-11, RA8-12, RA8-14, and RA8-15).  The sediment accretion or fines are present as a thin 
layer (i.e., generally between 1/8 and 1/4-inch thick) in discontinuous, localized areas and were 
observed at elevations from approximately 2.0 feet MLLW to -2.0 feet MLLW.  The sediment 
accretion or fines were generally observed in relatively flat areas where marina floats are 
present that are positioned parallel to the shoreline.  The areas shoreward of where the marina 
floats are located parallel to the shoreline are likely quiescent and not subject to significant wave 
action allowing settlement of fines. 
 
Finally, two boats were observed to be grounded on the slope cap in the Foss Waterway Marina 
(Attachment A, RA 8, Monitoring Interval RA8-15).  Representatives of the Foss Waterway 
Marina were notified.  The boats were subsequently relocated from the area where grounding 
on the cap had occurred. 
 
The areas in RA 8 where piling and debris were observed at the cap surface require repair to 
remove or confine the materials.  A plan for repair of these areas will be submitted to EPA for 
review in a separate memorandum.  No other response actions are warranted at this time. 
 
RA 14 
 
Low tide slope cap inspection of the shoreline in RA 14 was performed on July 11, 2006, at tidal 
elevations between approximately -2.5 feet MLLW and -1.0 feet MLLW.  Six monitoring intervals 
were established for inspection and documentation of the integrity of the slope cap in RA 14 
(i.e., RA14-1 through RA14-6).  Monitoring intervals in RA 14 were established based on 
structural features at Martinac Shipbuilding.  A separate monitoring interval was established for 
each pier and shipway area (i.e., a separate interval for each of the three piers and two 
shipways) and a separate interval for the semi-circular cap area on the south side of the 
southernmost pier (Figure 1) 
 
The remedial action in RA 14 consists of a thick slope cap constructed from bulkheads or 
shipways located beneath piers and buildings at Martinac Shipbuilding to the bottom of the 
shoreline slope in the navigation channel.     
 
No deficiencies were identified upon inspection of the six monitoring intervals in RA 14 
(Attachment A, RA 14, Monitoring Intervals RA14-1 through RA14-6).  Habitat mix or rip rap and 
quarry spalls with habitat mix contained within the voids of the rip rap and quarry spalls were 
observed during inspection of RA 14.     
 
Sediment accretion and/or settlement of fines from capping material were observed 
intermittently in RA 14 (Attachment A, RA14, Monitoring Intervals RA14-2 through RA14-6).  
The sediment accretion or fines are present as a thin layer (i.e., generally between 1/8 and 1/4-
inch thick) in discontinuous, localized areas and were observed at elevations below 
approximately 5.0 feet MLLW.  The sediment accretion or fines were generally observed in 
relatively flat areas where facility structures (i.e., piers, shipways, etc.) are present that enclose 
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or partially enclose portions of the shoreline.  The enclosed shoreline areas are likely quiescent 
and not subject to significant wave action allowing settlement of fines. 
 
Based on the inspections, no response actions are warranted in RA 14 at this time.   
 
RA 19A 
 
Low tide slope cap inspection of the shoreline in RA 19A was performed on July 10, 2006, at 
tidal elevations between approximately -2.8 feet MLLW and -1.1 feet MLLW.  Ten, 
approximately 100-foot monitoring intervals and one 65-foot interval were established for 
inspection and documentation of the integrity of the slope cap in RA 19A (i.e., RA19A-1 through 
RA19A-11) (Figure 1).   
 
The remedial action for the shoreline in RA 19A consists of a thick slope cap constructed from 
elevation 0.0 feet MLLW to the toe of the shoreline slope in the adjacent harbor / marina area.  
A pre-existing habitat enhancement area is present from elevation 0.0 feet MLLW to the top of 
the bank adjacent to the esplanade.  
 
No deficiencies were identified upon inspection of 10 of 11 monitoring intervals in RA 19A 
(Attachment A, RA 19A, Monitoring Intervals RA19A-1, and RA19A-3 through RA19A-11).  
Habitat mix or rip rap and quarry spalls with habitat mix contained within the voids of the rip rap 
and quarry spalls were observed during inspection of RA 19A.  Within the southern portion of 
RA 19A and the adjacent pre-existing habitat enhancement area, two depressions were present 
at the surface of the shoreline (Attachment A, RA 19A, Monitoring Interval RA19A-2).  A piling 
was also present at the surface of the existing habitat enhancement area.  Additional 
photographs were taken of the depressions and piling in RA 19A and the adjacent habitat 
enhancement area (Attachment B, RA 19A). 
 
The two depressions are approximately 1.5 feet in depth and located at elevations between 
approximately 5.0 feet MLLW to -1.0 feet MLLW (Attachment B, RA 19A, Monitoring Interval 
RA19A-2, Photographs 1 through 4) primarily in the no action area where the pre-existing 
habitat enhancement was constructed.  Based on inspection observations, it appears that the 
slope may have settled and/or material has been redistributed by tide and wave action creating 
the depressions.   
 
The piling extends approximately 1.5 feet above the surface of the shoreline and is located at an 
approximate elevation of 5.0 feet MLLW (Attachment B, RA 19A, Monitoring Interval RA19A-2, 
Photographs 1 and 4 through 6).  The piling is present in the pre-existing habitat enhancement 
area and was observed above the habitat surface during remedial activities.  As the piling was 
not within the remedial action area it was not removed or cut off during construction. 
 
Sediment accretion and/or settlement of fines from capping material were observed 
intermittently in RA 19A (Attachment A, RA19A, Monitoring Intervals RA19A-2 through RA19A-
7).  The sediment accretion or fines are present as a thin layer (i.e., generally between 1/8 and 
1/4-inch thick) in discontinuous, localized areas and were observed at elevations from 
approximately 2.0 feet MLLW to -2.0 feet MLLW.  The sediment accretion or fines were 
generally observed in relatively flat areas where marina floats are present that are positioned 
parallel to the shoreline.  The areas shoreward of where the marina floats are located parallel to 
the shoreline are likely quiescent and not subject to significant wave action allowing settlement 
of fines. 
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The area where two depressions were present in RA 19A and the adjacent habitat 
enhancement area require monitoring to observe whether additional settlement or material 
movement is occurring.  Additionally, a plan for removing the portion of the piling that is present 
above the surface of the habitat enhancement area will be submitted to EPA for review in a 
separate memorandum.  No other response action is warranted in RA 19A at this time.   
 
RA 19B 
 
Low tide slope cap inspection of the shoreline in RA 19B was performed on July 10, 2006, at 
tidal elevations between approximately -2.6 feet MLLW and -0.25 feet MLLW.  Eight, 
approximately 100-foot monitoring intervals were established for inspection and documentation 
of the integrity of the slope cap in RA 19B (i.e., RA19B-1 through RA19B-8) (Figure 1).   
 
The remedial action for the shoreline in RA 19B consists of grout mat and thick slope capping.  
A grout mat cap was placed from approximately 3.0 feet MLLW along the shoreline and down to 
the harbor / marina area and out to the navigation channel from the southern boundary of RA 
19B (i.e., Station 70+10) to approximate Station 65+50.  Then a thick slope cap was constructed 
from the top of the bank to the bottom of the shoreline slope in the harbor / marina area 
including the area where the grout mat was placed. 
 
No deficiencies were identified upon inspection of the eight monitoring intervals in RA 19B 
(Attachment A, RA 19B, Monitoring Intervals RA19B-1, through RA19B-8).  Habitat mix or rip 
rap and quarry spalls with habitat mix contained within the voids of the rip rap and quarry spalls 
were observed during inspection of RA 19B.   
 
Sediment accretion and/or settlement of fines from capping material were observed 
intermittently in RA 19B (Attachment A, RA19B, Monitoring Intervals RA19B-4 through RA19B-
8).  The sediment accretion or fines are present as a thin layer (i.e., generally between 1/8 and 
1/4-inch thick) in discontinuous, localized areas and were observed at elevations from 
approximately 2.0 feet MLLW to -2.0 feet MLLW.  The sediment accretion or fines were 
generally observed in relatively flat areas where marina floats are present that are positioned 
parallel to the shoreline.  The areas shoreward of where the marina floats are located parallel to 
the shoreline are likely quiescent and not subject to significant wave action allowing settlement 
of fines. 
 
No response actions are warranted in RA 19B at this time.   
 
RA 20 
 
Low tide slope cap inspection of the shoreline in RA 20 was performed on July 11, 2006, at tidal 
elevations between approximately -3.0 feet MLLW and 0.0 feet MLLW.  Nine, approximately 
100-foot monitoring intervals and one approximately 40-foot monitoring interval were 
established for inspection and documentation of the integrity of the slope cap in RA 20 (i.e., 
RA20-1 through RA20-10) (Figure 1).   
 
The remedial action for the shoreline in RA 20 consists of a thick slope cap constructed from the 
top of the slope to the toe of the shoreline slope in the adjacent harbor / marina area except 
beneath the Johnny’s Seafood Restaurant where habitat mix was placed over existing shoreline 
armoring.  Additionally, a habitat enhancement area (i.e., Johnny’s Dock Habitat Enhancement) 
is present on the shoreline and slope cap area between the Johnny’s Dock and Foss Landing 
Marina’s (Figure 1).  
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No deficiencies were identified upon inspection of 9 of 10 monitoring intervals in RA 20 
(Attachment A, RA 20, Monitoring Intervals RA20-1 through RA20-8 and RA20-10).  Habitat mix 
or rip rap and quarry spalls with habitat mix contained within the voids of the rip rap and quarry 
spalls were observed during inspection of RA 20 except at the habitat enhancement area where 
sand is present at the surface of the habitat.  Within the southern portion of RA 20, a piling is 
present at the surface of the slope cap (Attachment A, RA 20, Monitoring Interval RA20-9).  
Additional photographs were taken of the piling in RA 20 (Attachment B, RA 20).  Additional 
photographs were also taken in two monitoring intervals (i.e., Monitoring Intervals RA20-3 and 
RA20-4) where several photographs taken on July 11, 2006, were too dark to clearly document 
slope cap conditions.      
 
The piling observed in RA 20 extends approximately six inches above the surface of the 
shoreline and is located at an approximate elevation of -2.5 feet MLLW (Attachment B, RA 20, 
Monitoring Interval RA20-9, Photographs 19 through 21).  Based on inspection observations, it 
appears that the piling may not have been cut off at an elevation that allowed complete 
coverage by cap materials.  The piling is at the approximate elevation of -2.5 feet MLLW and 
was likely submerged and not seen during construction.  It may also be that the slope cap 
materials have settled around the piling helping to expose the piling at the cap surface.  
 
Sediment accretion and/or settlement of fines from capping material were observed along the 
slope cap area in RA 20 (Attachment A, RA20, Monitoring Intervals RA20-1 through RA20-4 
and RA20-6 through RA20-10).  The sediment accretion or fines are present as a thin layer (i.e., 
generally between 1/8 and 1/4-inch thick) in the lower portions of the slope cap at elevations 
below approximately 5.0 feet MLLW.  The sediment accretion or fines were generally observed 
in relatively flat areas where marina floats are present that are positioned parallel to the 
shoreline.  The areas shoreward of where the marina floats are located parallel to the shoreline 
are likely quiescent and not subject to significant wave action allowing settlement of fines. 
 
A plan for evaluating and repairing the area where the piling is present above the cap surface 
will be submitted to EPA for review in a separate memorandum.  No other response actions are 
warranted in RA 20 at this time.   
 
Sheen Source Removal Area 
 
A low tide cap inspection of the Sheen Source Removal Area in the Wheeler-Osgood Waterway 
was performed on October 3, 2006, at a tidal elevation of approximately 0.0 feet MLLW.  One, 
approximately 65-foot monitoring interval was established for inspection and documentation of 
the integrity of the cap in the Sheen Source Removal Area (i.e., Sheen Source-1) (Figure 1).   
 
The remedial action in the Sheen Source Removal Area consists of a thick cap comprised of 
channel sand cap material from the toe of the shoreline slope to the northern boundary of RA 12 
and from approximate Station 15+50 to Station 16+15.     
 
No deficiencies were identified upon inspection of the monitoring interval for the Sheen Source 
Removal Area (Attachment A, Sheen Source Removal Area, Monitoring Interval Sheen Source-
1).  Channel sand cap material with a layer of sediment accretion on the surface was observed 
during inspection of the Sheen Source Removal Area.  The sediment accretion is present as a 
thin layer (i.e., approximately 1/4-inch thick) covering the surface of the capped area.  The 
Sheen Source Removal Area is relatively flat and the Wheeler-Osgood Waterway is relatively 
quiescent and not subject to significant wave action allowing settlement of fines. 
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No response action is warranted in the Sheen Source Removal Area at this time.   
 
Summary of Preliminary Findings  
 
The following summarizes the preliminary findings from the Year 0, baseline low tide 
inspections: 
 

 No deficiencies were identified upon inspection of RAs 1, 14, 19B, and the Sheen 
Source Removal Area. 

 No deficiencies were identified in two of four monitoring intervals in RA 3.  Two areas 
are present in RA 3 where geotextile or metal and foundry slag material are present 
at the surface of the capped area (Attachment A, RA 3, Monitoring Intervals RA3-2 
and RA3-3). 

 No deficiencies were identified upon inspection of 15 of 17 monitoring intervals in RA 
8.  Two areas are present in RA 8 where piling or debris are present at the surface of 
the capped area (Attachment A, RA 8, Monitoring Intervals RA8-14 and RA8-16). 

 No deficiencies were identified upon inspection of 10 of 11 monitoring intervals in RA 
19A.  Two depressions are present at the surface of the shoreline in RA 19A and the 
adjacent habitat enhancement area.  A piling is also present at the surface of the 
existing adjacent habitat enhancement area (Attachment A, RA 19A, Monitoring 
Interval RA19A-2). 

 No deficiencies were identified upon inspection of 9 of 10 monitoring intervals in RA 
20.  A piling is present at the surface of the slope cap in the southern portion of RA 
20 (Attachment A, RA 20, Monitoring Interval RA20-9).    

 A thin layer of sediment accretion and/or fines from capping material was present on 
relatively flat, enclosed portions of the slope cap areas at elevations generally below 
5.0 feet MLLW. 

 A plan for evaluating and repairing the areas where the piling or debris are present 
above the surface of the cap in RAs 3, 8, 20 and the pre-existing habitat area 
adjacent to RA 19A will be prepared and submitted to EPA for review in a separate 
memorandum.   

 No other response actions are warranted in at this time. 
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·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.
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   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Baseline low-tide slope cap inspection performed during year 0
   (July 2006).
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·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

·  Benchmark Control Location coordinates provided in WA State Plane
   Coordinates, South Zone, (NAD 83/91).

·  Baseline low-tide slope cap inspection performed during year 0
   (July 2006).
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Attachment A 

Low Tide Slope Cap Inspection 
Field Forms and Photographs 



Remedial Area 1 
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THEA FOSS AND WHEELER-OSGOOD WATERWAYS 
SLOPE AREA MAINTENANCE PLAN 

 
INTRODUCTION 
 
Remedial actions completed on shoreline slopes within the Thea Foss and Wheeler-Osgood 
Waterways include slope capping, slope rehabilitation, and habitat enhancement.  The remedial 
actions performed in the Thea Foss and Wheeler-Osgood Waterways are shown on Figure 1.  
As part of the Operations, Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and 
Wheeler-Osgood Waterways Remediation Project, low tide inspections and subtidal 
hydrographic surveys of capped shoreline slope areas are performed to ensure the 
effectiveness of the remedial actions and to identify slope areas that may require maintenance.   
 
The purpose of this Slope Area Maintenance Plan is to present the objectives and procedures 
for performing all maintenance of remedial actions constructed on shoreline slopes.  Specific 
maintenance activities will be identified based on the results of inspections and surveys and 
documented in Preliminary Findings Memoranda and annual OMMP monitoring reports.  
Subsequent maintenance activities will be performed by the City of Tacoma (City) or a City 
contractor in accordance with the objectives and procedures described in this plan.  The scope 
of this plan includes activities to maintain shoreline slope areas where remedial construction 
was performed as part of this project.  The types of observed features on shoreline slopes that 
may require maintenance include, but are not limited to, the following: 
 

 Remnant, treated piling protruding through an area of slope cap; 

 Cap material sloughing that exposes underlying contaminated material; 

 Contaminated debris protruding through an area of slope cap; 

 Erosion or damage to stormwater outfall aprons and/or concrete splash pads; and 

 Erosion or damage from waterway activities (i.e., marine, commercial, or industrial 
operations, construction, etc.). 

 
The objectives of maintenance of shoreline slope areas include the following: 
 

 Return the area requiring maintenance to post-remedial construction conditions; 

 Maintain containment of underlying contaminated materials; 

 Minimize the potential for transport of contamination to the water column or to the 
surface of adjacent areas through implementation of Best Management Practices 
(BMPs) during completion of maintenance activities; 

 Minimize the potential for down-slope movement of slope materials during completion of 
maintenance activities; and 

 Reuse existing slope area materials (i.e., filter material, rip rap, quarry spalls, etc.) to the 
extent practicable. 

 
The objectives identified above are the basis for the procedures to be implemented during 
maintenance of shoreline slope areas. 
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SLOPE AREA REMEDIATION AND MONITORING 
 
Remedial actions completed in slope areas of the Thea Foss and Wheeler-Osgood Waterways 
include slope capping, slope rehabilitation, and habitat enhancement.  Slope areas are subject 
to monitoring through completion of low tide slope cap inspections and hydrographic surveys.  
The following sections summarize the design for remedial actions and describe the monitoring 
activities to be performed as part of OMMP for the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project. 
 
Slope Area Remedial Actions 
 
Slope caps (thick slope caps, quarry spall caps, and grout mat caps) were constructed in 
specific slope areas of the Thea Foss and Wheeler-Osgood Waterways (Figure 1).  Slope caps 
were constructed to contain contaminated sediment and debris; remnant, treated (i.e., creosote 
treated) piling; and to stabilize shoreline slopes.  Thick slope and quarry spall cap components 
consist of the following design elements: 
 

 18-inches of slope cap filter material; 

 Covered by 18-inches of armor material (riprap or quarry spalls);and  

 Habitat mix placed at rates of 25 tons per 1,000 square feet or 15 tons per 1,000 square 
feet to fill in the voids of the riprap and quarry spalls, respectively. 

 
The remedial design drawings for thick slope and quarry spall caps and specifications for cap 
materials are provided in Appendix A. 
 
Grout mat caps were constructed in Remedial Area 3 (RA 3) , RA 19A, and 19B (Figure 1).  The 
grout mat caps consist of one (i.e., RA 19A and RA 19B) or two (i.e., RA 3) approximately 6-
inch thick layers of concrete placed in limited shoreline slope areas.  Grout mat caps were 
constructed to reduce the required thickness of the cap and to preserve required berthing 
depths for vessels utilizing these areas in addition to containing contaminated materials and 
stabilizing shoreline slopes.  The remedial design drawings for the grout mat caps constructed 
in RA 3, RA 19A, and RA 19B are provided in Appendix B. 
 
The slope caps were constructed from the base or toe of the shoreline slope to varying 
elevations up the slope depending on specific features of a given slope area.  In multiple 
remedial areas, slope caps were constructed from the base of the shoreline slope up to existing 
bulkheads or shoreline armoring, a previously constructed habitat enhancement area, or new 
sheet pile walls (i.e., RA 1, RA 8, RA 14, RA 19A, RA 19B, and RA 20).  In two remedial areas, 
slope caps were constructed up to the waterward face of existing buildings and/or structures 
and quarry spalls and/or habitat mix was placed under the overwater portion of the structure to 
enhance the substrate (i.e., RA 8 and RA 20).  Habitat enhancement was performed on top of or 
adjacent to the capped areas in several areas (RA 8 and RA 20).  Slope caps were also 
constructed to the top of the slope bank in multiple remedial areas (i.e., RA 3, RA 8, RA 19B, 
and RA 20).  The remedial design for a specific shoreline slope area will be reviewed when 
determining the scope of maintenance activities for a given area to ensure that they meet the 
intent of the designed elements and return the shoreline slope to post-construction conditions.  
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Slope Area Monitoring 
 
Slope area monitoring is performed through completion of low tide slope cap inspections and 
subtidal hydrographic surveys.  Data collected during these monitoring events are evaluated 
and used to identify specific slope areas that may require maintenance. 
 
Low Tide Slope Cap Inspections 
 
The OMMP specifies that low tide slope cap inspections be performed to verify the physical 
integrity of the intertidal portion of slope caps and containment of underlying contaminated 
sediment.  Low tide slope cap inspections are performed on the exposed shoreline portion of 
slope caps (including grout mat caps) constructed in RA 1, RA 3, RA 8, RA 14, RA 19A, RA 
19B, and RA 20, as well as the Sheen Source Removal Area in the Wheeler-Osgood Waterway, 
when tidal elevations are at or below 0 feet Mean Lower Lower Water (MLLW).  Inspections of 
the slope caps include documentation of the following: 
 

 Slope cap coverage; 

 Areas of exposed sediment due to erosion or sloughing;   

 Apparent down-slope movement of cap materials; and  

 Presence of debris at the cap surface.  
 
A baseline low tide slope cap inspection was completed in 2006 and subsequent monitoring 
events will be completed in Year 2 (2008), Year 4 (2010), Year 7 (2013), and Year 10 (2016) 
according to the schedule presented in the OMMP.  Additional slope cap inspections may be 
completed after any event that could cause a slope failure, such as an earthquake or storm 
surge. 
 
The results of low tide slope cap inspections are presented in Preliminary Findings Memoranda 
and annual OMMP monitoring reports.  Results of monitoring events will be used as the basis 
for identifying maintenance activities that may be required in slope areas. 
 
Hydrographic Surveys 
 
The OMMP specifies that hydrographic surveys be completed in slope cap areas to monitor cap 
integrity of subtidal slope cap areas.  Hydrographic surveys are to be performed in subtidal 
slope cap areas in RA 1, RA 3, RA 5, RA 8, RA 14, RA 19A, RA 19B, and RA 20 to provide 
survey coverage of slopes below elevation 0 feet MLLW.  Results of hydrographic surveys in 
slope areas will be used to identify subtidal shoreline slope features that may require 
maintenance.  

Baseline hydrographic surveys of remedial actions that were completed in the Thea Foss and 
Wheeler-Osgood Waterways were performed in 2003 (i.e., RA 1 and RA 3), 2005, and 2006.  
The post-construction hydrographic survey results performed in 2003, 2005, and 2006 are 
presented in the Remedial Action Construction Reports (RACRs) prepared for the Thea Foss 
and Wheeler-Osgood Waterways Remediation Project (City of Tacoma 2003 and 2006) and will 
be used as the baseline bathymetric conditions for slope cap areas.  Subsequent hydrographic 
surveys will be completed in Years 2, 4, 7, and 10, according to the schedule presented in the 
OMMP.  Additionally, hydrographic surveys may be completed after any event that could cause 
a slope failure, such as an earthquake or storm surge. 
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Results of future hydrographic survey monitoring events will be compiled and presented in 
Preliminary Findings Memoranda and annual OMMP monitoring reports.  The results will also 
be used as the basis for identifying maintenance activities that may be required in specific slope 
areas. 
 
SLOPE AREA MAINTENANCE 
 
All slope area maintenance activities will be completed to satisfy the objectives described in this 
plan.  Construction activities for the purpose of maintenance will be designed and executed in a 
manner that protects the environment by minimizing the potential transport of contamination to 
adjacent areas and ultimately containing contaminated material.  Maintenance activities will be 
completed to restore shoreline slope areas to post-remedial construction conditions. 
 
Slope Features Requiring Maintenance 
 
Results of slope monitoring events will be used to identify slope features that may require 
maintenance.  The slope features that may require maintenance include, but are not limited to, 
the following: 
 

 Exposed Piling and Debris.  Remnant, treated piling, or contaminated debris that 
protrudes through an area of slope cap may expose contaminated material and provide 
a pathway for underlying contamination to migrate to adjacent areas.   

 Cap Material Sloughing.  Sloughing of cap material may expose underlying 
contaminated sediment, debris, and piling, and provide a pathway for the underlying 
contamination to migrate to adjacent areas.  

 Outfall Apron/Splash Pad Damage.  Erosion or damage to stormwater outfall aprons 
or concrete splash pads may promote erosion of slope area material and expose 
underlying contaminated sediment, debris, and piling. 

 Waterway Activity Damage.  Waterway activities such as commercial or recreational 
vessel movement, industrial operations, and upland or in-water construction activities 
may result in damage to slope areas that could affect containment of underlying 
contaminated material. 

 Other Slope Features.  Unexpected events such as earthquakes or sudden storm 
surges may generate additional slope features that require slope maintenance. 

 
EPA will be notified of the identification of issues that may require maintenance in Preliminary 
Findings Memoranda and annual OMMP monitoring reports.  The information presented in 
these reports will be used to identify slope features requiring maintenance and facilitate 
contracting for maintenance activities. 
 
Objectives of Maintenance Activities 
 
The objectives of slope area maintenance activities include the following: 
 

 Return Shoreline Slope Areas to Post-Remedial Construction Conditions.  The 
RACRs present the post-remedial construction conditions for slope areas in the Thea 
Foss and Wheeler-Osgood Waterways that were performed in accordance with the 
remedial design.  Maintenance activities will be designed to re-establish the post-
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remedial construction conditions at all slope areas requiring maintenance identified 
during slope cap inspections or hydrographic surveys.  

 Provide Containment of Underlying Contaminated Materials.  At a minimum, a 
three-foot thick slope cap must be present over contaminated materials within the slope 
areas.  Contaminated materials include contaminated sediment and debris and 
creosote-treated piling.  Maintenance activities will be designed to ensure that the 
minimum cap material thickness is restored upon completion of specific maintenance 
activities.  

 Minimize the Potential Transport of Contamination.  Best Management Practices 
(BMP) will be implemented during all maintenance activities to minimize the potential 
transport of contamination to adjacent areas.  The BMPs that will be performed during 
slope area maintenance are discussed in the BMPs section of this plan. 

 Minimize the Potential for Down-Slope Transport of Slope Material.  Maintenance 
activities will be performed in a manner that minimizes down-slope movement of slope 
cap material during construction so that existing water depths required for harbor area 
and channel use (i.e., vessel navigation and berthing) are not affected. 

 Reuse Existing Slope Cap Materials.  Slope cap filter material and slope armoring will 
be reused to the extent practicable during completion of maintenance activities.   

 
Maintenance Activities 
 
Maintenance of shoreline slope areas will include one or more of the following construction 
activities: 
 

 Capping of Exposed Contaminated Materials.  In areas where contaminated 
sediment, debris, or remnant treated piling are exposed due to sloughing or otherwise 
protrude above the surface of a slope cap, maintenance activities will be designed to cap 
over the contaminated material or protrusion with a minimum thickness of three feet of 
cap material (i.e., slope cap filter material, armoring, and habitat mix).  The area of cap 
repair will be constructed as described in the remedial design to return the area to post-
remedial construction conditions.   

 Remove Contaminated Material.  If capping of contaminated material protruding 
through a capped area is not feasible or stable slopes cannot be maintained, a portion of 
the protrusion (i.e., treated piling or debris) may be removed to allow for placement and 
maintenance of the required thickness of cap material necessary to ensure containment.   

 Contaminated Material Disposal.  Contaminated material removed from shoreline 
slope areas will be transported to an approved landfill facility for disposal as part of 
maintenance construction activities. 

 Stabilize Areas of Erosion or Sloughing.  Shoreline slope areas that are identified to 
have significant erosion or sloughing will be stabilized by placement of additional cap 
and/or armor material within the slope area to enhance existing slope stability and 
prevent future erosion or sloughing.  If significant erosion is observed at an outfall apron 
and/or splash pad, additional armor material will be placed to disperse erosive forces 
associated with high flow events at the outfall. 

 Implement Best Management Practices (BMPs).  BMPs will be implemented during all 
maintenance activities as described in the BMP section of this plan in order to protect 
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adjacent remedial areas and prevent transport of contamination as a result of 
maintenance work. 

 
Methods of Maintenance 
 
Slope area maintenance activities will generally be performed using upland/shoreside 
equipment (i.e., backhoe/track hoe, crane, vactor truck, etc.) or over-water equipment (i.e., 
derrick barge, material barge, backhoe/track hoe, etc.) staged adjacent to a specific slope area, 
depending on site access and construction equipment constraints. 
 
The general approach to performing maintenance of identified slope features (i.e., protruding 
piling or debris, cap material sloughing, and damaged outfall aprons or splash pads) will involve 
the following procedures: 
 

 Stage construction equipment and materials in the uplands adjacent to the slope area 
feature requiring maintenance or on the water if access by water-based equipment 
facilitates maintenance activities. 

 Temporarily relocate armor material as necessary around the slope feature to expose 
protruding piling or debris, stabilize areas of sloughing, or facilitate access to a damaged 
stormwater outfall apron or splash pad. 

 For slope features where containment is not feasible because treated piling or debris 
would protrude through the cap surface and direct placement of slope cap materials 
would not produce a stable slope or would affect site facilities (i.e., marina floats, etc.), 
remove a portion of the feature so that placement of filter material and slope armoring 
can be achieved and a stable slope can be constructed. 

 Cover remaining piling, debris, or exposed sediment in areas of sloughing with a 
minimum of 18 inches of filter material.  Use sediment stakes or surveying techniques to 
confirm placement of the 18 inches of filter material.  For damaged outfall apron or 
splash pad slope features, place 18 inches of filter material only in areas where 
underlying contaminated sediment is exposed at the slope surface. 

 Place a minimum of 18 inches of armor material over the filter material so that a stable 
slope is constructed.  Placement of armor material may include reuse of existing armor 
material temporarily relocated at the slope feature.  For damaged outfall apron or splash 
pad slope features, place additional armor material in a configuration that provides 
added protection from erosional forces during high flow events at the outfall. 

 Verify completed cap thickness meets the previously constructed conditions using 
sediment stakes or surveying techniques. 

 Place habitat mix over the area of slope cap maintenance at the appropriate rate based 
on the type of armoring material present. 

 
Alternate methods of construction may also be required to complete slope area maintenance 
activities where equipment access has significant restrictions.  These methods may include, but 
are not limited to, the following;  
 

 Removal of piling or debris from the uplands using crane-based equipment to reach over 
wharf structures or access slope areas that cannot accommodate upland or water-based 
excavation equipment; 
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 Manual removal of piling or debris during low tide periods using shovels, chainsaws, pick 
axes, etc.; 

 Repair of underwater slope cap sloughing features through placement of additional filter 
and armor material using conventional derrick-barge equipment such as over-water 
cranes and cable arm material placement buckets; and 

 Reforming and construction of new outfall aprons or splash pads to prevent future 
erosion of slope areas during high flow events at the outfall. 

 
BEST MANAGEMENT PRACTICES 
 
The following Best BMPs will be implemented during slope area maintenance: 
 

 Work in the Dry.  To the extent possible, maintenance activities will be completed in the 
dry during periods of low tide to avoid potential impacts to surface water and the 
potential for transport of contaminated materials.   

 Debris Containment and Sorbent Booms.  Continuous debris containment and/or 
sorbent booms will be deployed around slope areas undergoing maintenance.  When all 
components of slope maintenance work at a specific location can be performed in the 
dry in one tidal cycle, continuous sorbent booms will be deployed around the work area 
at a minimum to contain possible petroleum releases (i.e., creosote from piling, etc.) to 
surface water.  For work that is completed in the dry over multiple tide cycles or is 
entirely in-water work, slope surfaces undergoing maintenance will be fully enclosed with 
continuous debris containment and sorbent booms.   

Debris containment booms will be constructed with silt curtains five to six feet in depth 
attached to contain debris and suspended sediment.  Sorbent booms will be continuous 
within but adjacent to the debris containment boom and will contain petroleum sheens or 
spills.  Booms will be maintained throughout the duration of maintenance activities.  
Additionally, floating debris will be removed from within all boom areas on a regular 
basis or as needed, so that debris does not escape containment.   

 Visual Water Quality Monitoring.  Visual water quality monitoring will be performed 
during all maintenance work to be performed on slope areas to ensure that construction 
activities do not impact adjacent surface water.  Visual water quality monitoring will 
include the following: 

o Observations of the condition of debris containment and/or sorbent booms; 
o Observations of the presence of debris inside and outside containment boom 

areas;  
o Observations of persistent turbidity within or outside of a boomed area; 
o Observations of petroleum sheen within or outside of a boomed area; and  
o Observations of the presence of fish or wildlife within the boomed area. 

The following actions will be taken if persistent turbidity or petroleum sheen emanating 
from the project area is observed outside of the boomed area or fish and wildlife are 
observed within the boomed area: 

o Maintenance activities will cease; 
o Appropriate measures will be taken to correct the problem or situation; and 
o The EPA project manager will be notified of the occurrence and the measures 

taken to correct the situation. 
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Visual water quality observations and any necessary corrective actions will be 
documented on the water quality monitoring form provided in Appendix C.   

 Fish Window.  All work in slope areas will be completed within agency-defined fish 
windows to minimize potential impacts to aquatic life.   

 
Additional BMPs may be implemented during maintenance activities, as necessary, to avoid 
potential impacts to surface water, potential for transport of contaminated materials, and impact 
on fish and wildlife. 
 
CONSTRUCTION MANAGEMENT 
 
Oversight and inspection of maintenance activities will be performed by a representative of the 
City of Tacoma.  The inspector will be present during all maintenance activities to perform the 
following activities: 
 

 Document construction progress; 

 Verify that construction activities are being performed according to design and that the 
slope area is returned to post-remedial construction conditions; and  

 Ensure that BMPs have been implemented and are performed in accordance with this 
Slope Area Maintenance Plan.   

 
Construction progress will be documented with photographs and preparation of a daily 
inspection log.   
 
PEFORMANCE OF WORK 
 
EPA and any affected property owners will be notified 30 days prior to performance of 
maintenance activities.  After completion of construction activities, a memorandum will be 
prepared and submitted to EPA to document the work performed in each slope area.  The 
memorandum will also be incorporated into the subsequent year’s annual OMMP monitoring 
report.  Slope area monitoring will be resumed in accordance with the OMMP to ensure that 
areas of maintenance are effectively containing contaminated materials. 
 
 
 
 
FIGURES 
 
Figure 1 – Completed Remedial Actions  
 
 



Totem
Marine

Petrich
Marine

Thea's
Park

Foss Waterway
Marina

Foss Waterway 
Marina

! !!!

!
!

!

!

!

!

!

!

!

!

8 888

8
8

8

8

8

8

8

8

8

8

!!!

!

!

!

!

!
!

!

888

8

8

8

8

8
8

8

Cable Crossing
Area

Cable Crossing
Area

Commencement Bay

,  7  

, 7A

,  8  

42+00

41+00

40+00

39+00

38+00

37+00

36+00

34+00

33+00

32+00

31+00

30+00

29+00

28+00

27+0026+0025+0024+0023+0022+0021+0020+0019+0018+0017+0016+0015+0014+0013+0012+0011+0010+009+008+007+006+005+004+003+002+001+000+00

,  2  

,  3  

,  4  

, 1A 

, 1B 

1+00

225

224

2+

11
th

 S
tr

ee
t B

rid
ge

M
atch-Line

M
atch-Line

221

208

218

223

222

207/5

214/881

Figure 1 (Page 1 of 2)
Completed Remedial Actions

Thea Foss and Wheeler-Osgood Waterways
Slope Area Maintenance Plan

0 300 600

Feet

Thea Foss Waterway

Site Overview

¹

NOTES

·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

Legend

Completed Remedial Actions:

No Action

Slope Rehabilitation

Natural Recovery

Enhanced Natural Recovery

Habitat Enhancement

Backfill

Dredge to Clean

Grout Mat Cap

Transition Slope

Quarry Spalls

Remedial Areas,8

Channel Sand Cap

Slope Cap

!8 City of Tacoma Outfall and Designation

!8 Private Outfall (No Designation Provided)

881

DATE:            2/21/2007 2:51:25 PM
MXD NAME:  F:\projects\KPFF Foss\GIS\Revised OMMP\Baseline Report Figures\Slope Area Maintenance Plan Figures\Figure 1 Completed Remedial Actions (1of2) 022107.mxd



Petrich
Marine

Foss Waterway 
Marina

Martinac
Shipyard Delin Docks 

Marina Johnny's
Dock Marina

Foss Landing
Marina

Dock Street 
Marina

!

!

! !!

!

!

!

!

!

!

!

!!!

!

8

8

8 88

8

8

8

8

8

8

8

888

8

!

!

!!

!
!

!!

!

!

!!8

8

88

8
8

88

8

8

88

66+00

67+00

68+00

69+00

70+00

71+00

72+00

73+00

74+00

75+00

65+00

64+00

63+00

62+00

61+00

60+00

59+00

58+00

57+00

56+00

55+00

54+00

76+00

77+00

78+00

79+00

80+00

53+00

52+00

51+00

50+00

Head of the 
Thea Foss 
Shoreline 

Habitat

SR 509 Esplanade
Riparian Habitat

Log Step Habitat
Enhancement

Johnny's Dock
Habitat

EnhancementCable Crossing
Area

Cable Crossing
Area

Utilities Project Area
Subject to Long-Term Monitoring Under 
Separate OMMP.  (PacifiCorp, 2003)

, 21 

,19B

, 20 

, 22 

, 16 

, 15 

, 18 

,19A

, 17 

, 14 

,  7  

,  6  

,  5  

, 7A

,  8  

,  9  

, 11 

, 10 

, 12 

, 13 

49+00

48+00

47+00

46+00

45+00

44+00

43+00

42+00

41+00

40+00

39+00

38+00

37+00

36+00

M
atch-Line

M
atch-Line

1+00

225

224

237B

237A

2+00

3+00

4+00

5+00

6+00

7+00

8+00

9+00

10+00

11+00

12+00

13+00

14+00

15+00

16+00

17+00

Approximate Location
of Sheet Pile Wall
(Site Boundary)

SR
 5

09
 B

rid
ge

11
th

 S
tr

ee
t B

rid
ge

243

245

249
248

230
235

254

Figure 1 (Page 2 of 2)
Completed Remedial Actions

Thea Foss and Wheeler-Osgood Waterways
Slope Area Maintenance Plan

0 300 600

Feet

Thea Foss Waterway

Site Overview

¹

NOTES

·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). Note: Outfalls monitored as part
   of the City's Thea Foss stormwater monitoring program include
   outfalls 230, 235, 237A, 237B, 243, 245, and 254.

Cap Placed by the Utilities

Legend

Completed Remedial Actions:

No Action

Slope Rehabilitation

Natural Recovery

Enhanced Natural Recovery

Habitat Enhancement

Backfill

Dredge to Clean

Grout Mat Cap

Additional Cap Material Placement in Utilities Area

Transition Slope

Quarry Spalls

Remedial Areas,8

Channel Sand Cap

Slope Cap

!8 City of Tacoma Outfall and Designation

!8 Private Outfall (No Designation Provided)

881

DATE:            2/21/2007 2:53:54 PM
MXD NAME:  F:\projects\KPFF Foss\GIS\Revised OMMP\Baseline Report Figures\Slope Area Maintenance Plan Figures\Figure 1 Completed Remedial Actions (2of2) 022107.mxd



Slope Area Maintenance Plan.doc  

Appendix A 
 

Thick Slope and Quarry Spall Cap Plans and Material Specifications 
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GENERAL  

1.01 DESCRIPTION OF WORK  

The work described in this specification includes identification, characterization, and 
approval of materials used for maintenance of slope areas in the Thea Foss and 
Wheeler-Osgood Waterways.  Materials to be used for slope maintenance activities may 
include the following: 

• Slope cap filter material; 

• Rip Rap; 

• Quarry spalls; and  

• Habitat mix. 

1.02 QUALITY ASSURANCE  

Sampling, testing, and inspection for compliance with this specification shall be in 
accordance with the requirements specified herein.   

1.03 STANDARD SPECIFICATIONS 

The Standard Specifications for the work described in this section shall be the Standard 
Specifications for Road, Bridge, and Municipal Construction as prepared by the 
Washington Department of Transportation (WSDOT) and the American Public Works 
Association (APWA), Washington State Chapter, 2006 Edition. 

1.04 SUBMITTALS  

The following submittals shall be provided for slope maintenance materials: 

A. Source Identification (per Paragraph 2.02-A). 

B. Material Source Characterization (per Paragraph 2.02). 

C. Shipping Receipts and Material Volumes for slope maintenance materials (per 
Paragraph 3.01). 

Test reports shall be provided by a laboratory that is independent of the supplier. 

PART 2 - PRODUCTS  

2.01 GENERAL  

Materials shall be of the quality, size, shape, and gradation or equal to that specified 
herein.  Material sources shall be selected well in advance of the time when the material 
will be required in the work.  Suitable representative samples and test reports, as 
described below, must be submitted to and approved by the Engineer prior to delivery of 
materials to the jobsite.     

   
Work Order No. DC 2001  
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2.02 MATERIAL SOURCE CHARACTERIZATION 

Material source characterization shall be performed as specified below to assure that 
materials used for slope maintenance are natural, native, virgin materials, free of 
unwanted materials including debris or recycled materials, and meet the requirements of 
these specifications.  Any material that has been determined to be substandard by the 
City of Tacoma for any reason will be rejected.  In the event that a material is rejected, it 
shall be removed from the site. 

Slope cap filter material, rip rap, quarry spalls and habitat mix were placed on shoreline 
slopes within the Thea Foss and Wheeler-Osgood Waterways as part of Thea Foss and 
Wheeler-Osgood Waterways Remediation Project.  Slope maintenance activities will use 
materials that meet the specifications for these materials approved for use by the United 
States Environmental Protection Agency (EPA) as part of the Thea Foss and Wheeler-
Osgood Waterways Remediation Project.   

Each material source shall be approved by EPA, in accordance with these 
specifications, prior to materials being bought to the area requiring maintenance.  
Specific sources used to supply these materials as part of the Thea Foss and Wheeler-
Osgood Waterway Remediation Project have already been approved by EPA.  Where a 
previously approved borrow source is identified as the source for materials to be used 
for slope maintenance, the Material Source Characterization will consist of Source 
Identification (2.02 A), Source Inspection (2.02 B), and Grain Size Distribution (2.02 C. 
1).  The Material Source Characterization for sources not previously approved by EPA 
shall include all of the requirements specified below.  The Contractor shall submit a 
characterization of any and all imported material prior to any on-site placement.   

A. Source Identification 

Prior to material source sampling, documentation of the origin of each type of 
maintenance material including the names, addresses, and source identification 
numbers and maps identifying specific location(s) of material source(s). 

B. Source Inspection 

All material sources shall be inspected at the source by a representative of the 
City of Tacoma and the supplier(s) of the material.  The witnessing of the 
inspection by a representative of the City shall in no way release the supplier(s) 
from complying with the Specifications and in no way shall be construed as 
approval of any particular source of material. 

C. Testing, Reporting, and Certification 

Samples of the source material comprising slope cap filter material and habitat 
mix shall undergo all of the following tests.  Rip rap and quarry spalls will meet 
the requirements of 2.03 and 2.04. 

1. Grain Size Distribution (ASTM D 422-63). 

2. Particle Specific Gravity (ASTM D 854). 

3. Weight per unit volume of uncompacted materials. 
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4. Priority Pollutant Metals (EPA SW 846 6010B/6020/ 7000 Series). 

5. Volatile Organic Compounds (EPA SW 846 8260B). 

6. Semi-volatile Organic Compounds (EPA SW 846 8270C). 

7. Chlorinated Pesticides (EPA Method 8081). 

8. Polychlorinated Biphenyls (EPA Method 8082). 

9. Total Organic Carbon (EPA Method 9060). 

The results of such tests shall be provided at least two weeks before delivery of 
the materials to the jobsite.  The results of each test shall be provided in a report 
that clearly identifies the following: 

1. Source of samples. 

2. Sampling dates. 

3. Chain of custody. 

4. Sampling locations. 

5. Supplier's certification that the samples tested and the results provided are 
representative of materials that shall be delivered to the site. 

The supplier shall ensure the chemical nature of the material used for slope 
maintenance in the Thea Foss and Wheeler-Osgood Waterways does not pose a 
risk to human health or the environment.  As such, imported slope maintenance 
materials shall be, at a minimum, less than the Sediment Quality Objective 
(SQO) concentrations for Commencement Bay (EPA 1989) and the Explanation 
of Significant Differences (EPA 2000).   

D. Inspection of Materials at the Jobsite 

Slope maintenance materials shall be visually inspected upon delivery.  Materials 
shall be inspected for presence of foreign, recycled, or reprocessed material.    
Material may be rejected due to identification of any such material or as a result 
of substandard test results.  Materials may be segregated for testing based on 
appearance or odor.  Segregated material may be tested according to 
procedures at the City of Tacoma's discretion. 

2.03 SLOPE CAP FILTER MATERIAL 

Slope cap filter material shall be clean, free-draining sand and gravel from a recognized 
and established borrow site.  Individual particles shall be free from all objectionable 
coating.  The material shall contain no organic matter or soft friable particles in quantities 
considered objectionable.  Slope cap filter material shall meet the following gradation 
requirements: 
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 U.S. Standard Percent Passing 
 Sieve Size (by weight)   

 6 inch 100  
 4 inch 90 to 100 
 3/4 inch 50 to 90 
 No. 4 35 to 65 
 No. 10 15 to 45 
 No. 40 2 to 10 
 No. 200 0 to 2 (wet screen) 

2.04 RIPRAP 

Riprap shall consist of broken stone from an approved source that is hard, sound, 
dense, and durable.  It shall be free from seams, cracks, and other defects tending to 
destroy its resistance to weather and seawater.  Dry unit weight shall not be less than 
160 pounds per solid cubic foot.  Riprap shall meet the degradation, wear, and specific 
gravity requirements of Section 9-13 of the Standard Specifications.  Rock for Riprap 
shall be angular, each piece having its greatest dimension not greater than three times 
its least dimension, and shall meet the following gradation requirements: 

Light Riprap: 

Light Riprap shall be large rock, 12 to 15 inches in size with up to 25 percent by 
weight smaller than 12 inches.  The portion smaller than 12 inches shall be 
crushed rock that is greater than the U.S. No. 4 Standard Sieve size.  

Heavy Riprap: 

 Weight Percent Lighter 
 In Pounds (by weight)  
 1,000 100  
 400 55 to 90 
 50 20 to 50 
 2 5 to 15 

2.05 QUARRY SPALLS  

Quarry spalls shall consist of broken stone from an approved source, free from 
segregation, seams, cracks or other defects and shall conform with the requirements for 
quality and gradation in Section 9-13.6, QUARRY SPALLS of the Standard 
Specifications. 

2.06 HABITAT MIX 

Habitat mix shall consist of 2-inch minus pit-run, rounded material from an approved 
source, uniform in quality and substantially free from wood, roots, bark and other 
extraneous materials.  The individual particles shall be free from all objectionable 
coating and shall contain no organic matter or soft friable particles in quantities 
considered objectionable by the City of Tacoma.  The material shall conform to the 
following gradation: 
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 U.S. Standard Percent Passing 
 Sieve Size (by weight)  

 2 inch 100 
 1/1/2 inch 80 to 95 
 3/4 inch 60 to 80 
 No. 4 40 to 60 
 No.10 30 to 50 
 No. 40 10 to 20 
 No. 200 0 to 5 max.  (wet screen)  

PART 3 - EXECUTION  

3.01 GENERAL 

Slope maintenance materials shall be provided from a source approved by EPA.  The 
supplier shall provide daily reports of the quantities of slope maintenance materials 
used.  The reports shall include tabulated summaries of volumes placed for each 
material.  Shipping receipts for all materials delivered to the site shall also be submitted 
on a daily basis.   

 

END OF SECTION 
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Visual Water Quality Monitoring Form 
 



Visual Water Quality Monitoring Form Date 

Time Location: 

Personnel: 

From To 

Construction Activity / Equipment 
 

 

 

Containment/Sorbent Boom Checklist 
Type of boom(s) deployed:  Debris Containment  Sorbent 

Was the work area fully enclosed by the boom(s)?  Yes  No 

Visual Water Quality Monitoring Checklist  N/A Yes No 
Was visual water quality monitoring performed during construction or work activity?    

Were all debris and/or petroleum releases contained within the boom(s)?    

Was debris removed regularly so that it did not escape containment?    

Was surface water free of a persistent turbidity plume that extended away from the work zone?    

Were fish observed within the work area?    

Did overall surface water quality appear to be acceptable?    

Describe any observed water quality problems (as applicable): 
 

 

 

Describe additional environmental controls implemented during construction (as applicable): 
 

 

 

Describe any corrective action taken to solve problems described above (as applicable): 
 

 

 

Print Name Signature Date 

Reviewed by Signature Date 
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Outfall 230 on January 17, 2007 during Supplemental Low Tide Inspection

Outfall 230 on July 10, 2006 during Low Tide Slope Cap Inspection
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PRELIMINARY FINDINGS MEMORANDUM 
SUPPLEMENTAL BASELINE NATURAL RECOVERY MONITORING 

 
 
INTRODUCTION 
 
This memorandum presents the findings from Year 0, supplemental baseline natural recovery 
monitoring performed in the Thea Foss and Wheeler-Osgood Waterways.  Supplemental 
baseline natural recovery area monitoring is required as part of Natural Recovery and Enhanced 
Natural Recovery Performance Monitoring specified in the EPA-approved Operations, 
Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project (City of Tacoma 2006).  The OMMP requires that supplemental baseline 
natural recovery area monitoring be conducted during Year 0 and that long-term natural 
recovery monitoring be performed during Years 2, 4, 7, and 10, as necessary, to verify that 
surface sediments in natural recovery areas satisfy performance criteria within the allowed 10-
year time frame.   
 
As described in the OMMP, surface sediment samples (0 to 10 cm) were collected from areas 
designated for natural recovery and enhanced natural recovery in the Thea Foss and Wheeler-
Osgood Waterways.  The baseline natural recovery area monitoring was performed in 
accordance with the OMMP.  Provided with this memorandum are attachments that contain the 
field forms and photographs documenting observations during sample collection and the 
laboratory analytical report and data validation for sample analyses.  The following sections 
summarize natural recovery area monitoring requirements and the results of supplemental 
baseline natural recovery area sampling and analysis performed.   
 
SUMMARY OF NATURAL RECOVERY PERFORMANCE MONITORING 
REQUIREMENTS 
 
The OMMP requires that surface sediment (0 to 10 cm) sampling and analysis be conducted in 
natural recovery and enhanced natural recovery areas to monitor the attenuation of chemical 
concentrations.  The designated natural recovery and enhanced natural recovery areas to be 
monitored include the northern portions of Remedial Area (RA) 5 and RA 6, RA 7, most of the 
area north of the 11th Street Bridge to Station 20+00, the head of the Wheeler-Osgood 
Waterway located between RA 12 and RA 13, an area east of RA 16 and north of RA 15, and 
an area located east of RA 5 near the mouth of the Wheeler-Osgood Waterway extending from 
Station 41+50 to 46+50 (Figure 1).  Additionally, slopes in the Wheeler-Osgood Waterway 
comprising RA 10, RA 11, and RA 13 were designated for natural recovery and slope 
rehabilitation during the Remedial Design phase of the project and will be monitored as part of 
the OMMP.   
 
The OMMP specifies that natural recovery performance monitoring be conducted during Years 
0 (baseline), 2, 4, 7, and 10, as necessary, to verify that surface sediments designated for 
natural recovery satisfy performance criteria within the allowed 10-year time frame.  Year 0, or 
baseline monitoring, is comprised of a combination of the results of post-construction verification 
and supplemental surface samples.  
    
Post-construction confirmation surface samples collected within the designated natural recovery 
areas adjacent to RA 2 and RA 4 and within the northern portions of RA 5, RA 6, and RA 7 are 
used to characterize natural recovery baseline conditions in these areas.  The results of post-
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construction confirmation surface samples used as baseline for natural recovery areas were 
presented in the Remedial Action Construction Report (RACR) for the Thea Foss and Wheeler-
Osgood Waterways Remediation Project (City of Tacoma 2006) and will also be presented in 
the Baseline Year 0 Operations, Maintenance, and Monitoring Report.  Supplemental baseline 
samples were required within designated natural recovery and enhanced natural recovery areas 
as part of Year 0 monitoring where there was insufficient existing post-construction data to 
complete the baseline characterization.  Table 1 identifies the post-construction confirmation 
and supplemental samples that establish the baseline for natural recovery and enhanced 
natural recovery areas.  Figure 1 identifies the baseline natural recovery and enhanced natural 
recovery area sample locations. 
 
The results of Year 0 surface samples collected from natural recovery and enhanced natural 
recovery areas provide the baseline for evaluating the results of subsequent natural recovery 
monitoring.  The results of subsequent natural recovery sampling and analysis will be compared 
to the baseline results to evaluate trends in chemical concentrations to identify if natural 
recovery and enhanced natural recovery areas will satisfy or have satisfied performance criteria 
within the allowed 10-year time frame.   
 
SUMMARY OF FIELD ACTIVITIES AND OBSERVATIONS 
 
Supplemental baseline natural recovery monitoring consisted of collection and analysis of 
surface samples (0 to 10 cm) from natural recovery and enhanced natural recovery areas in the 
Thea Foss and Wheeler-Osgood Waterways.  A Van Veen sampler deployed from a boat was 
used to collect surface samples from the supplemental sampling locations in channel and 
harbor areas on October 23-24, 2006.  Samples of shoreline areas in the Wheeler-Osgood 
Waterway were collected using a stainless steel spoon and bowl when the sample locations 
were exposed at a low tide on October 25, 2006.  Sample collection forms and photographs 
documenting activities and observations were prepared during the field events and are 
presented in Attachment A. 
 
The coordinates for sample locations in channel and harbor areas in the Thea Foss and 
Wheeler-Osgood Waterways were generated based on the locations identified on figures 
presented in the OMMP.  During sample collection, the sampling vessel was maneuvered to the 
sample coordinates and a buoy was deployed to mark the sample location.  Then the sampling 
vessel was maneuvered to the position of the buoy and the Van Veen sampler was deployed at 
the sample location.  The actual sample coordinates where the sampler was deployed were 
collected at each location at the time of sample collection.  The actual sample coordinates are 
provided on the field forms in Attachment A and actual sample locations are shown on Figure 1.     
 
Samples collected from the shoreline of the Wheeler-Osgood Waterway are composites 
comprised of subsamples collected from three locations in each RA (i.e., RA 10, RA 11, and RA 
13).  The locations of the shoreline subsamples were established by installing stakes at each 
sample location prior to sample collection.  Shoreline sample locations were established at the 
approximate mid-point of the slope at three evenly spaced locations within each RA (Figure 1).  
The approximate mid-point of the slope within each RA and at each sample location was 
identified from post-construction hydrographic surveys of the shoreline areas and locations 
identified on figures presented in the OMMP.  Stakes were installed at the sample locations 
during low tides on October 18-19, 2006.  Photographs of the shoreline sample location stakes 
within the Wheeler-Osgood Waterway are presented in Attachment A.  The actual sample 
coordinates were collected at each location at the time of sample collection and are provided on 
the field forms in Attachment A.  The actual sample locations are shown on Figure 1. 
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A quality control check was performed daily on the Global Positioning System (GPS) unit used 
to document sample location coordinates.  The coordinates of known benchmarks were 
recorded from the GPS prior to initiation of sampling on each day.  The coordinates of the 
benchmarks recorded by the GPS on the day of sampling were compared to the surveyed 
coordinates of the benchmarks.  The recorded GPS readings were within 10 feet of the known 
benchmark coordinates as required in the OMMP. 
 
Collection of supplemental baseline samples from channel and harbor areas within the Thea 
Foss and Wheeler-Osgood Waterways generally progressed from north to south.  Samples 
were collected from sample locations NR-06, NR-07, NR-11, NR-16, NR-17, NR-19, and NR-20 
on October 23, 2006, and from sample location NR-25 on October 24, 2006. 
 
Samples collected in the natural recovery area north of the 11th Street Bridge (i.e., NR-06, NR-
07, and NR-11) (Figure 1) consisted of a soft, olive to gray colored silt containing shells, worms, 
and worm tubes.  Multiple casts were necessary to acquire sample material that was not over-
penetrated by the sampler.  No odor or sheen was detected in the samples collected from the 
area north of the 11th Street Bridge (Attachment A).   
 
The sample collected from the enhanced natural recovery area in RA 7 (i.e., NR-16) consisted 
of approximately 1 cm of soft, olive to gray colored silt overlying the channel cap material placed 
during remedial actions in RA 7.  No odor or sheen was detected in the sample collected from 
RA 7.   
 
The sample collected from the natural recovery area located at the mouth of the Wheeler-
Osgood Waterway (i.e., NR-17) consisted of olive to dark gray colored sand containing wood 
fibers and pieces.  Worms were also observed in the sample.  Additionally, a slight hydrogen 
sulfide odor and sheen spots were detected in the sample bowl after homogenization of the 
sample material.   
 
The samples collected from the natural recovery area at the head of the Wheeler-Osgood 
Waterway, north and east of RA 12 (i.e., NR-19 and NR-20, respectively) consisted of olive to 
dark gray colored silt containing shells, mussels, barnacles, and worms.  No sheen was 
observed in the samples collected from the head of the Wheeler-Osgood Waterway.  A slight 
creosote odor was detected in the sample material collected from the area east of RA12 when 
the sample was homogenized in the sample bowl. 
 
The sample collected from the natural recovery area west of RA 16 and north of RA 15 (i.e., 
NR-25) consisted of olive to dark gray colored silt containing shells and wood fibers and pieces.  
No sheen was observed in the sample collected from the area west of RA 16.  A slight hydrogen 
sulfide odor was detected in the sample material. 
 
Collection of supplemental baseline samples from shoreline areas in the Wheeler-Osgood 
Waterway generally progressed from sample locations with higher elevations to sample 
locations with lower elevations as the samples were collected as the tide receded.  Samples 
were collected from three locations in RA-10 (i.e., SR-10-D1, SR-10-D2, and SR-10-D3), RA-11 
(i.e., SR-11-D1, SR-11-D2, and SR-11-D3), and RA-13 (i.e., SR-13-D1, SR-13-D2, and SR-13-
D3) and combined to comprise a composite for each RA.  The samples were collected from 
shoreline areas in the Wheeler-Osgood Waterway on October 25, 2006 (Figure 1). 
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The samples collected from the natural recovery and slope rehabilitation areas on the 
shorelines of the Wheeler-Osgood Waterway consisted of an olive, dark gray, or brown colored 
sand with gravel or silt.  Samples also contained wood pieces and shells.  No odor or sheen 
was detected in the samples collected from the shorelines in the Wheeler-Osgood Waterway.   
 
The following sections summarize the results and findings from the Year 0 baseline 
supplemental natural recovery monitoring. 
 
SUMMARY OF ANALYTICAL RESULTS 
 
The samples collected from natural recovery and enhanced natural recovery areas were 
analyzed by the City of Tacoma laboratory.  The supplemental baseline natural recovery area 
samples were analyzed for conventionals, metals, semi-volatile organic compounds (SVOC), 
pesticides, and polychlorinated biphenyls (PCBs) in accordance with the OMMP (Table 2).  The 
results of sample analysis are summarized in Table 3.  The laboratory analytical report is 
provided in Attachment B.   
 
Eleven samples from locations in natural recovery and enhanced natural recovery areas were 
analyzed to complete the baseline characterization of these areas.  Additionally, three duplicate 
samples were collected, one on each day of sample collection activities, and analyzed for 
quality control.  The detected chemical concentrations in the samples are compared to the 
Sediment Quality Objectives (SQOs) to identify the baseline conditions. 
 
Detected chemical concentrations were less than the SQOs in the samples collected from the 
northeast and northwest portions of the natural recovery area north of the 11th Street Bridge 
(i.e., NR-06 and NR-07, respectively) (Table 3 and Figure 1).  Only bis(2-ethylhexyl)phthalate 
(BEHP) was detected at concentrations greater than the SQOs in the remaining sample 
collected from the natural recovery area north of the 11th Street Bridge (i.e., NR-11).  The 
detected concentration of BEHP was approximately 1.5 times the SQO.  The detected 
concentrations of most chemicals in samples collected north of the 11th Street Bridge were less 
than one-half the SQO.  Benzyl alcohol was qualified as not detected at a concentration that 
was greater than the SQO in two samples collected north of the 11th Street Bridge because 
benzyl alcohol was detected in the associated laboratory method blank sample.   
 
Relatively few chemicals were detected in the sample collected from the enhanced natural 
recovery area located south of the 11th Street Bridge (i.e., NR-16).  All of the detected chemicals 
were at concentrations that were substantially less than the SQOs.   
 
One chemical was detected at a concentration greater than the SQO in the sample collected 
from the natural recovery area located at the mouth of the Wheeler-Osgood Waterway (i.e., NR-
17).  Pyrene was detected at approximately 1.25 times the SQO. 
 
Three chemicals were detected at concentrations greater than the SQOs in the sample 
collected in the natural recovery area located in the head of the Wheeler-Osgood Waterway, 
north of RA-12 (i.e., NR-19).  Benzo(a)anthracene, pyrene, and N-nitrosodiphenylamine were 
detected at concentrations that were at or below two times the SQOs.   
 
A sample and sample duplicate were submitted for analysis from the natural recovery area 
located in the head of the Wheeler-Osgood Waterway, east of RA-12.  Three chemicals were 
detected in both the parent sample and sample duplicate at concentrations exceeding the 
SQOs.  BEHP, 1,2-dichlorobenzene, and PCBs were detected in both samples at similar 
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concentrations, concentrations less than two times the SQOs.  Multiple polycyclic aromatic 
hydrocarbons (PAHs) were detected in the parent sample at concentrations exceeding the 
SQOs but were not detected in the sample duplicate at similar concentrations.  PAH 
concentrations detected in the duplicate sample were generally less than one-half the SQOs.  
The similarity in chemical concentrations between the parent sample and sample duplicate, 
except for the concentrations of PAHs, indicates that the PAHs were likely present in a 
subcomponent of the sample, a piece of creosote treated wood for example, and not 
homogenous within the sediment matrix.  Additionally, benzyl alcohol was qualified as not 
detected at a concentration that was greater than the SQO in the parent sample because benzyl 
alcohol was detected in the associated laboratory method blank sample.     

A sample and sample duplicate were also submitted for analysis from the natural recovery area 
located east of RA-16 and north of RA-15.  Mercury, PAHs, butylbenzyl phthalate, and BEHP 
were detected in both samples at concentrations exceeding the SQOs.  The detected 
concentrations of mercury, PAHs, and butylbenzyl phthalate were at or below twice the SQOs 
for these chemicals.  The detected concentration of BEHP was between two and three times the 
SQO.   
 
Relatively few chemicals were detected in the samples collected from the slope rehabilitation 
natural recovery areas located along the shoreline within the Wheeler-Osgood Waterway (i.e., 
SR-10, SR-11, and SR-13).  All of the detected chemical concentrations were substantially less 
than the SQOs.   
 
The results for Year 0 supplemental natural recovery sample analysis presented above 
characterize the baseline for the areas sampled.  The results of the baseline natural recovery 
monitoring will used as the basis for comparison to the results of subsequent natural recovery 
and enhanced natural recovery performance monitoring. 
 
SUMMARY OF DATA QUALITY  
 
Data validation was performed on the results of analyses on supplemental natural recovery area 
samples in accordance with the OMMP.  The resulting data validation reports are presented in 
Attachment B.  All data are considered valid and acceptable for use.  All qualifiers resulting from 
data validation are presented in the summary of analytical results provided in Table 3. 
 
Some deviations from performance goals were identified as a result of matrix interferences.  As 
outlined in the OMMP, multiple re-analyses were performed on sample extracts in order to meet 
performance criteria.  Additional cleanups were also performed in an effort to increase analytical 
accuracy.  Deviations from performance goals are identified in the data validation reports and 
generally resulted in the data being qualified as an estimate (i.e., J qualifier). 
 
SUMMARY OF PRELIMINARY FINDINGS  
 
The following summarizes the results and preliminary findings for the Year 0, baseline 
supplemental natural recovery sampling and analysis performed in the Thea Foss and Wheeler-
Osgood Waterways: 
 

• No chemicals were detected at concentrations greater than the SQOs in the samples 
collected from the northeast and northwest portions of the natural recovery area north of 
the 11th Street Bridge (i.e., NR-06 and NR-07), from the enhanced natural recovery area 
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south of the 11th Street Bridge (i.e., NR-16),  and from the slope rehabilitation natural 
recovery areas along the shorelines in the Wheeler-Osgood Waterway (i.e., SR-10, SR-
11, and SR-13); 

• Detected chemical concentrations that were greater than the SQO were predominantly 
at or below twice the SQO in samples collected from the remaining five sample 
locations; and 

• The results of analyses of the sample and sample duplicate collected from the head of 
the Wheeler-Osgood Waterway east of RA-12 were similar except for PAHs that were 
detected in the parent sample at concentrations exceeding the SQOs but were not 
detected at concentrations exceeding the SQOs in the duplicate sample.  The detected 
concentrations of PAHs in the parent sample were likely present in a subcomponent of 
the sample, a piece of creosote treated wood for example, and not homogenous within 
the sediment matrix. 

 
The results of Year 0 supplemental natural recovery sampling and analysis characterize the 
baseline for the areas sampled.  The results from Year 0 supplemental natural recovery 
monitoring will be combined with the results from construction verification sampling performed in 
natural recovery areas and presented in the Baseline Operations, Maintenance, and Monitoring 
Report to provide a comprehensive baseline for all natural recovery and enhanced natural 
recovery areas within the Thea Foss and Wheeler-Osgood Waterways.  The results of baseline 
natural recovery monitoring will used as the basis for comparison to the results of subsequent 
natural recovery and enhanced natural recovery performance monitoring conducted in 
accordance with the OMMP. 
 
 



Table 1 
Post-Construction Verification and Supplemental Baseline 

Natural Recovery Samples  

Area Remedial Action 
Post-Construction 

Verification 
Samples Used for 

Baseline 

Supplemental 
Baseline Natural 

Recovery 
Samples  

Supplemental 
Baseline Sample 
Collection Date 

RA-02-004 
RA-02-006 
RA-02-007 
RA-02-008 

NR-06 October 23, 2006 

RA-02-009 
RA-04-005 
RA-04-006 
RA-04-007 

NR-07 October 23, 2006 

RA-04-008 
RA-04-009 
RA-04-010 
RA-04-011 

North of 11th 
Street Bridge Natural Recovery 

RA-04-012 

NR-11 October 23, 2006 

RA-05-002 
RA-05-009 Northern Portion 

of RA5 Natural Recovery 
RA-05-010 

None NA 

RA-06-001 
RA-06-014 Northern Portion 

of RA6 Natural Recovery 
RA-06-015 

None NA 

RA 7 Enhanced 
Natural Recovery RA-07-001 NR-16 October 23, 2006 

Mouth of the 
Wheeler-Osgood 
Waterway 

Natural Recovery None NR-17 October 23, 2006 

SR-10 October 25, 2006 
SR-11 October 25, 2006 

Shoreline of the 
Wheeler-Osgood 
Waterway 

Slope 
Rehabilitation / 

Natural Recovery 
None 

SR-13 October 25, 2006 

NR-19 October 23, 2006 Head of the 
Wheeler-Osgood 
Waterway 

Natural Recovery None 
NR-20 October 23, 2006 

Harbor Area 
Adjacent to RA 
15 and RA 16 

Natural Recovery None NR-25 October 24, 2006 
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Table 2 
Summary of Parameters for Sediment Sample Analysis 

Parameters Analyte SQO Analytical Method 
Total Organic Carbon in % NA EPA Method 9060 Conventionals 
Total Solids in % NA PSEP 1997 
Antimony 150 mg/kg 
Arsenic 57 mg/kg 
Cadmium 5.1 mg/kg 
Copper 390 mg/kg 
Lead 450 mg/kg 
Nickel 140 mg/kg 
Silver 6.1 mg/kg 
Zinc 410 mg/kg 

EPA Method 6010B   Metals 

Mercury 0.59 mg/kg EPA Method 7471A 
2-Methylnaphthalene 670 µg/kg 
Acenaphthene 500 µg/kg 
Acenaphthylene 1,300 µg/kg 
Anthracene 960 µg/kg 
Fluorene 540 µg/kg 
Naphthalene 2,100 µg/kg 
Phenanthrene 1,500 µg/kg 
Total LPAHs 5,200 µg/kg 
Benzo(a)Anthracene 1,600 µg/kg 
Benzo(a)Pyrene 1,600 µg/kg 
Benzo(b)Fluoranthene NA 
Benzo(k)Fluoranthene NA 
Total Benzofluoranthenes 3,600 µg/kg 
Benzo(g,h,i)Perylene 720 µg/kg 
Chrysene 2,800 µg/kg 
Dibenz(a,h)Anthracene 230 µg/kg 
Fluoranthene 2,500 µg/kg 
Indeno(1,2,3-c,d)Pyrene 690 µg/kg 
Pyrene 3,300 µg/kg 
Total HPAHs 17,000 µg/kg 
Dimethylphthalate 160 µg/kg 
Diethylphthalate 200 µg/kg 
Di-n-butylphthalate 1,400 µg/kg 

Semi-Volatile 
Organic 
Compounds 

Butylbenzylphthalate 900 µg/kg 

EPA Method 8270C 
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Parameters Analyte SQO Analytical Method 
Bis(2-Ethylhexyl)Phthalate 1,300 µg/kg 
Di-n-octylphthalate 6,200 µg/kg 
Phenol 420 µg/kg 
2-Methylphenol 63 µg/kg 
4-Methylphenol 670 µg/kg 
2,4-Dimethylphenol 29 µg/kg 
Pentachlorophenol 360 µg/kg 
Benzyl alcohol 73 µg/kg 
Benzoic acid 650 µg/kg 
1,2-Dichlorobenzene 50 µg/kg 
1,3-Dichlorobenzene 170 µg/kg 
1,4-Dichlorobenzene 110 µg/kg 
1,2,4-Trichlorobenzene 51 µg/kg 
Hexachlorobenzene 22 µg/kg 
Dibenzofuran 540 µg/kg 
Hexachlorobutadiene 11 µg/kg 

Semi-Volatile 
Organic 
Compounds 

N-Nitrosodiphenylamine 28 µg/kg 

EPA Method 8270C 

4,4'-DDD 16 µg/kg 
4,4'-DDE 9 µg/kg 

Pesticides 

4,4'-DDT 34 µg/kg 

EPA Method 8270C 

PCB-1016 NA 
PCB-1221 NA 
PCB-1232 NA 
PCB-1242 NA 
PCB-1248 NA 
PCB-1254 NA 
PCB-1260 NA 

PCBs 

Total PCBs 300 µg/kg 

EPA Method 8270C 
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Table 3
Summary of Supplemental Baseline Natural Recovery Area Sample Results

Station
Sample ID

Sample Date Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio Ratio Ratio Ratio

Parameter Units SQO
Conventionals
Total Organic Carbon mg/kg NA 21,900 NA 22,600 NA 25,800 NA 21,600 NA 46,600 NA 27,700 NA
Total Solids % NA 47.7 NA 46 NA 45.5 NA 83.7 NA 62.8 NA 63.2 NA

Antimony mg/kg 150 6 U NA 6 U NA 6 U NA 0.76 U NA 0.8 U NA 6 U NA
Arsenic mg/kg 57 10.2 0.18 9.83 0.17 11.4 0.20 3.33 0.06 4.75 0.08 6.23 0.11
Cadmium mg/kg 5.1 0.926 0.18 0.897 0.18 1.17 0.23 0.238 0.05 0.554 0.11 0.529 0.10
Copper mg/kg 390 80.4 J 0.21 83 J 0.21 96.8 J 0.25 20.9 J 0.05 62 J 0.16 49.6 J 0.13
Lead mg/kg 450 55.8 0.12 51.4 0.11 69.2 0.15 7.95 0.02 26.7 0.06 41.5 0.09
Nickel mg/kg 140 17.6 0.13 15.7 0.11 18.7 0.13 13.3 0.10 9.41 0.07 12.6 0.09
Silver mg/kg 6.1 0.22 U NA 0.2 U NA 0.22 U NA 0.21 U NA 0.22 U NA 0.21 U NA
Zinc mg/kg 410 102 0.25 109 0.27 130 0.32 35.3 0.09 65.6 0.16 84 0.20
Mercury mg/kg 0.59 0.298 0.51 0.317 0.54 0.407 0.69 0.029 U NA 0.032 U NA 0.099 0.17

2-Methylnaphthalene µg/kg 670 160 0.24 150 0.22 150 0.22 99 U NA 410 0.61 400 0.60
Acenaphthene µg/kg 500 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 140 0.28
Acenaphthylene µg/kg 1,300 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 260 0.20
Anthracene µg/kg 960 260 0.27 210 0.22 230 0.24 99 U NA 520 0.54 420 0.44
Fluorene µg/kg 540 110 0.20 100 U NA 110 0.20 99 U NA 300 0.56 100 U NA
Naphthalene µg/kg 2,100 290 0.14 260 0.12 270 0.13 99 U NA 420 0.20 510 0.24
Phenanthrene µg/kg 1,500 510 0.34 470 0.31 560 0.37 99 U NA 1,300 0.87 950 0.63
Total LPAH µg/kg 5,200 1,400 0.27 1,200 0.23 1,400 0.27 350 U NA 3,000 0.58 2,700 0.52
Benzo(a)anthracene µg/kg 1,600 500 0.31 450 0.28 550 0.34 99 U NA 440 0.28 1900 1.19
Benzo(a)pyrene µg/kg 1,600 520 0.33 510 0.32 620 0.39 99 U NA 380 0.24 920 0.58
Benzofluoranthenes (total) µg/kg 3,600 1,100 0.31 1,100 0.31 1,400 0.39 99 0.03 630 0.18 1,600 0.44
Benzo(g,h,i)perylene µg/kg 720 360 0.50 330 0.46 400 0.56 99 U NA 200 0.28 430 0.60
Chrysene µg/kg 2,800 620 0.22 620 0.22 700 0.25 99 U NA 580 0.21 2,300 0.82
Dibenzo(a,h)anthracene µg/kg 230 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 130 0.57
Fluoranthene µg/kg 2,500 810 0.32 770 0.31 900 0.36 99 U NA 1,000 0.40 2,000 0.80
Indeno(1,2,3-cd)pyrene µg/kg 690 270 0.39 270 0.39 300 0.43 99 U NA 160 0.23 360 0.52
Pyrene µg/kg 3,300 1,800 0.55 1,800 0.55 2,400 0.73 99 U NA 4,100 1.24 6,800 2.06
Total HPAH µg/kg 17,000 6,100 0.36 5,800 0.34 7,300 0.43 450 U NA 7,500 0.44 16,000 0.94
Dimethyl phthalate µg/kg 160 10 0.06 16 0.10 18 0.11 1.2 0.01 4 U NA 9.6 0.06
Diethylphthalate µg/kg 200 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 100 U NA
Di-n-butyl phthalate µg/kg 1,400 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 100 U NA
Butyl benzyl phthalate µg/kg 900 240 0.27 290 0.32 480 0.53 99 U NA 99 U NA 230 0.26
bis(2-ethylhexyl)phthalate µg/kg 1,300 730 0.56 1,000 0.77 2,000 1.54 230 0.18 330 0.25 720 0.55
Di-n-octyl phthalate µg/kg 6,200 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 100 U NA
Phenol µg/kg 420 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 100 UJ NA
2-Methylphenol µg/kg 63 4 UJ NA 4 UJ NA 4 UJ NA 1 UJ NA 4 UJ NA 4 UJ NA
3- & 4-Methylphenol µg/kg 670 100 U NA 100 U NA 100 U NA 99 U NA 99 U NA 100 UJ NA
2,4-Dimethylphenol µg/kg 29 18 J 0.62 18 J 0.62 19 J 0.66 1 UJ NA 21 J 0.72 4 UJ NA
Pentachlorophenol µg/kg 360 4 UJ NA 76 0.21 4 UJ NA 1 U NA 4 U NA 77 J 0.21
Benzyl alcohol µg/kg 73 69 UJ NA 75 U NA 81 UJ NA 20 U NA 42 U NA 62 UJ NA
Benzoic acid µg/kg 650 170 UJ NA 170 UJ NA 190 UJ NA 48 UJ NA 190 UJ NA 170 UJ NA
1,2-Dichlorobenzene µg/kg 50 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 6 0.12
1,3-Dichlorobenzene µg/kg 170 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
1,4-Dichlorobenzene µg/kg 110 11 0.10 15 0.14 21 0.19 1.2 0.01 6.3 0.06 8.8 0.08
1,2,4-Trichlorobenzene µg/kg 51 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
Hexachlorobenzene µg/kg 22 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
Dibenzofuran µg/kg 540 100 U NA 100 U NA 100 U NA 99 U NA 130 0.24 120 0.22
Hexachlorobutadiene µg/kg 11 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
N-Nitrosodiphenylamine µg/kg 28 17 0.61 13 0.46 12 0.43 2 0.07 18 0.64 30 1.07

NR-17 
NR-17-Y0-D

NR-06 
NR-06-Y0-D NR-16-Y0-D

NR-11 
NR-11-Y0-D

NR-07 
NR-07-Y0-D

NR-16 NR-19 
NR-19-Y0-D

Metals

SVOCs

0 to 10 cm
10/23/2006
0 to 10 cm

10/23/2006
0 to 10 cm 0 to 10 cm

10/23/2006
0 to 10 cm

10/23/2006 10/23/2006 10/23/2006
0 to 10 cm
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Table 3
Summary of Supplemental Baseline Natural Recovery Area Sample Results

Station
Sample ID

Sample Date Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Sample Depth Ratio Ratio Ratio Ratio Ratio Ratio

Parameter Units SQO

NR-17 
NR-17-Y0-D

NR-06 
NR-06-Y0-D NR-16-Y0-D

NR-11 
NR-11-Y0-D

NR-07 
NR-07-Y0-D

NR-16 NR-19 
NR-19-Y0-D

0 to 10 cm
10/23/2006
0 to 10 cm

10/23/2006
0 to 10 cm 0 to 10 cm

10/23/2006
0 to 10 cm

10/23/2006 10/23/2006 10/23/2006
0 to 10 cm

4,4'-DDD µg/kg 16 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
4,4'-DDE µg/kg 9 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA
4,4'-DDT µg/kg 34 4 U NA 4 U NA 4 U NA 1 U NA 4 U NA 4 U NA

PCB-1016 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCB-1221 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCB-1232 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCB-1242 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCB-1248 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCB-1254 µg/kg NA 150 J NA 140 J NA 200 J NA 20 U NA 20 U NA 110 J NA
PCB-1260 µg/kg NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
PCBs (total) µg/kg 300 150 J 0.50 140 J 0.47 200 J 0.67 20 U NA 20 U NA 110 J 0.37
Notes:

Concentrations highlighted in red exceed the SQO.
NA: Not applicable

Qualifiers: 
U - Undetected
J - The analyte was analyzed for and positively identified, but the associated numerical value is an estimate.
UJ - The analyte was analyzed for and not detected but the associated numerical value is an estimate.

Pesticides

PCBs
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Table 3
Summary of Supplemental Baseline Natural Recovery Area Sample Results

Station
Sample ID

Sample Date
Sample Depth

Parameter Units SQO
Conventionals
Total Organic Carbon mg/kg NA
Total Solids % NA

Antimony mg/kg 150
Arsenic mg/kg 57
Cadmium mg/kg 5.1
Copper mg/kg 390
Lead mg/kg 450
Nickel mg/kg 140
Silver mg/kg 6.1
Zinc mg/kg 410
Mercury mg/kg 0.59

2-Methylnaphthalene µg/kg 670
Acenaphthene µg/kg 500
Acenaphthylene µg/kg 1,300
Anthracene µg/kg 960
Fluorene µg/kg 540
Naphthalene µg/kg 2,100
Phenanthrene µg/kg 1,500
Total LPAH µg/kg 5,200
Benzo(a)anthracene µg/kg 1,600
Benzo(a)pyrene µg/kg 1,600
Benzofluoranthenes (total) µg/kg 3,600
Benzo(g,h,i)perylene µg/kg 720
Chrysene µg/kg 2,800
Dibenzo(a,h)anthracene µg/kg 230
Fluoranthene µg/kg 2,500
Indeno(1,2,3-cd)pyrene µg/kg 690
Pyrene µg/kg 3,300
Total HPAH µg/kg 17,000
Dimethyl phthalate µg/kg 160
Diethylphthalate µg/kg 200
Di-n-butyl phthalate µg/kg 1,400
Butyl benzyl phthalate µg/kg 900
bis(2-ethylhexyl)phthalate µg/kg 1,300
Di-n-octyl phthalate µg/kg 6,200
Phenol µg/kg 420
2-Methylphenol µg/kg 63
3- & 4-Methylphenol µg/kg 670
2,4-Dimethylphenol µg/kg 29
Pentachlorophenol µg/kg 360
Benzyl alcohol µg/kg 73
Benzoic acid µg/kg 650
1,2-Dichlorobenzene µg/kg 50
1,3-Dichlorobenzene µg/kg 170
1,4-Dichlorobenzene µg/kg 110
1,2,4-Trichlorobenzene µg/kg 51
Hexachlorobenzene µg/kg 22
Dibenzofuran µg/kg 540
Hexachlorobutadiene µg/kg 11
N-Nitrosodiphenylamine µg/kg 28

Metals

SVOCs

Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio

36,900 NA 35,600 NA 90,300 NA 95,100 NA 10,600 NA 3,590 NA 3,820 NA 6,040 NA
56.5 NA 57.7 NA 35.8 NA 36.5 NA 79.2 NA 76.4 NA 76.3 NA 78.7 NA

6 U NA 6 U NA 7.45 0.05 6 U NA 6 U NA 6 U NA 0.79 U NA 0.79 U NA
9.62 0.17 10.6 0.19 31.4 0.55 22.8 0.40 5.81 0.10 4.23 0.07 4.29 0.08 3.93 0.07

0.952 0.19 0.994 0.19 2.36 0.46 1.96 0.38 0.249 0.05 0.251 0.05 0.251 0.05 0.285 0.06
87 J 0.22 88.8 J 0.23 173 J 0.44 136 J 0.35 31 J 0.08 25.4 J 0.07 18.3 J 0.05 27.8 J 0.07

67.4 0.15 75.7 0.17 130 0.29 108 0.24 52 0.12 18.5 0.04 13.4 0.03 14.9 0.03
15.6 0.11 17.3 0.12 19.9 0.14 19.3 0.14 13.3 0.10 10.8 0.08 9.91 0.07 16.4 0.12
0.22 U NA 0.22 U NA 0.22 U NA 0.22 U NA 0.21 U NA 0.21 U NA 0.22 U NA 0.22 U NA
167 0.41 178 0.43 254 0.62 206 0.50 77.6 0.19 56 0.14 52 0.13 58.1 0.14

0.175 0.30 0.173 0.29 0.602 1.02 0.771 1.31 0.056 0.09 0.016 U NA 0.014 U NA 0.052 0.09

500 0.75 360 320 0.48 310 0.46 99 U NA 84 U NA 100 U NA 96 U NA
820 1.64 100 U NA 280 0.56 250 0.50 99 U NA 84 U NA 100 U NA 96 U NA
100 U NA 100 U NA 170 0.13 130 0.10 99 U NA 84 U NA 100 U NA 96 U NA

1,700 1.77 250 0.26 720 0.75 640 0.67 140 0.15 84 U NA 100 U NA 96 U NA
1,100 2.04 140 0.26 350 0.65 320 0.59 99 U NA 84 U NA 100 U NA 96 U NA

360 0.17 330 0.16 790 0.38 740 0.35 130 0.06 84 U NA 100 U NA 96 U NA
7,800 5.20 640 0.43 1,800 1.20 1,500 1.00 480 0.32 84 U NA 100 U NA 96 U NA

12,000 2.31 1,800 0.35 4,500 0.87 3,900 0.75 950 0.18 290 U NA 350 U NA 340 U NA
2700 1.69 780 0.49 1700 1.06 1700 1.06 390 0.24 84 U NA 100 U NA 96 U NA

1,500 0.94 540 0.34 1,400 0.88 1,300 0.81 340 0.21 84 U NA 100 U NA 96 U NA
3,400 0.94 1,300 0.36 3,200 0.89 3,400 0.94 650 0.18 100 0.03 140 180 0.05

870 1.21 340 0.47 820 1.14 640 0.89 170 0.24 84 U NA 100 U NA 96 U NA
2,700 0.96 1,100 0.39 2,400 0.86 2,100 0.75 520 0.19 84 U NA 100 U NA 130 0.05

200 0.87 100 0.43 180 0.78 140 0.61 99 U NA 84 U NA 100 U NA 96 U NA
3,900 1.56 850 0.34 2,500 1.00 2,900 1.16 740 0.30 84 U NA 100 U NA 150 0.06

670 0.97 260 0.38 650 0.94 520 0.75 140 0.20 84 U NA 100 U NA 96 U NA
7,600 2.30 2,000 0.61 6,900 2.09 7,100 2.15 1,500 0.45 130 0.04 140 0.04 200 0.06

24,000 1.41 7,400 0.44 20,000 1.18 20,000 1.18 4,400 0.26 524 0.03 630 0.04 900 0.05
27 0.17 47 0.29 87 0.54 46 0.29 4 U NA 1.5 0.01 1 0.01 10 0.06

100 U NA 100 U NA 100 U NA 170 0.85 99 U NA 84 U NA 100 U NA 96 U NA
100 U NA 100 0.07 100 U NA 100 U NA 99 U NA 84 U NA 100 U NA 96 U NA
520 0.58 480 0.53 1,400 1.56 1,400 1.56 99 U NA 84 U NA 100 U NA 170 0.19

1,600 1.23 1,600 1.23 3,600 2.77 2,700 2.08 190 0.15 84 U NA 100 U NA 380 0.29
100 U NA 100 U NA 100 U NA 100 U NA 99 U NA 84 U NA 100 U NA 96 U NA
100 UJ NA 100 J 0.24 100 U NA 100 U NA 99 U NA 84 U NA 100 UJ NA 100 U NA

4 UJ NA 4 UJ NA 4 UJ NA 4 UJ NA 4 UJ NA 1 UJ NA 1 UJ NA 4 UJ NA
100 UJ NA 100 U NA 100 U NA 100 U NA 99 U NA 84 U NA 100 UJ NA 96 U NA

4 UJ NA 4 UJ NA 4 UJ NA 4 UJ NA 4 UJ NA 1 UJ NA 1 UJ NA 4 UJ NA
4 UJ NA 4 UJ NA 4 U NA 4 U NA 4 U NA 1 UJ NA 1 UJ NA 4 U NA

79 UJ NA 71 UJ NA 4 U NA 4 U NA 55 U NA 27 UJ NA 33 UJ NA 51 U NA
170 UJ NA 190 UJ NA 80 UJ NA 80 UJ NA 170 UJ NA 51 UJ NA 51 UJ NA 150 UJ NA
91 1.82 85 1.70 7.6 0.15 6.4 0.13 4 U NA 1 U NA 1 U NA 4 U NA
6 0.04 4.8 0.03 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA

63 0.57 44 0.40 28 0.25 28 0.25 4 U NA 1.3 0.01 1.1 0.01 4 U NA
6.8 0.13 4.8 0.09 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA

4 U NA 4 U NA 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA
270 0.50 100 U NA 240 0.44 240 0.44 99 U NA 84 U NA 100 U NA 96 U NA

4 U NA 4 U NA 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA
4 U NA 4 U NA 4 U NA 4 U NA 14 0.50 3.1 0.11 3.3 0.12 6.8 0.24

NR-20 
NR-20-Y0-D1NR-20-Y0-D

0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm

SR-13-Y0-D
SR-13 SR-11 

SR-11-Y0-D4SR-11-Y0-D
10/25/200610/25/2006 10/25/200610/23/2006 10/23/2006

SR-10-Y0-DNR-25-Y0-D1NR-25-Y0-D
10/24/2006 10/24/2006 10/25/2006

SR-10 NR-25 
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Table 3
Summary of Supplemental Baseline Natural Recovery Area Sample Results

Station
Sample ID

Sample Date
Sample Depth

Parameter Units SQO

4,4'-DDD µg/kg 16
4,4'-DDE µg/kg 9
4,4'-DDT µg/kg 34

PCB-1016 µg/kg NA
PCB-1221 µg/kg NA
PCB-1232 µg/kg NA
PCB-1242 µg/kg NA
PCB-1248 µg/kg NA
PCB-1254 µg/kg NA
PCB-1260 µg/kg NA
PCBs (total) µg/kg 300
Notes:

Concentrations highlighted in red exceed the SQO.
NA: Not applicable

Qualifiers: 
U - Undetected
J - The analyte was analyzed for and positively identified
UJ - The analyte was analyzed for and not detected but 

Pesticides

PCBs

Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio

NR-20 
NR-20-Y0-D1NR-20-Y0-D

0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm0 to 10 cm 0 to 10 cm 0 to 10 cm 0 to 10 cm

SR-13-Y0-D
SR-13 SR-11 

SR-11-Y0-D4SR-11-Y0-D
10/25/200610/25/2006 10/25/200610/23/2006 10/23/2006

SR-10-Y0-DNR-25-Y0-D1NR-25-Y0-D
10/24/2006 10/24/2006 10/25/2006

SR-10 NR-25 

4 U NA 4 U NA 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA
4 U NA 4 U NA 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA
4 U NA 4 U NA 4 U NA 4 U NA 4 U NA 1 U NA 1 U NA 4 U NA

20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA
20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA

350 J NA 490 J NA 270 J NA 290 J NA 20 U NA 20 U NA 20 U NA 20 U NA
20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA 20 U NA

350 J 1.17 490 J 1.63 270 J 0.90 290 J 0.97 20 U NA 20 U NA 20 U NA 20 U NA
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Figure 1
Baseline Natural Recovery Sample Locations

Thea Foss and Wheeler-Osgood Waterways
OMMP

0 300 600

Feet

Thea Foss Waterway

Site Overview

¹

NOTES

·  Base map generated from CAD drawings supplied by Walker
   and Associates, based on a March 2006 aerial survey.

·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
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This task was not performed during this Baseline Monitoring Event.  However, for consistency in 
reporting, the structure of the Baseline OMMP Report, and subsequent annual reports will follow 
the outline of the OMMP.  This will provide consistent presentation and placement of information 
generated during the monitoring of remedial actions performed as part of the Thea Foss and 
Wheeler-Osgood Waterways Remediation Project.  Benthic recolonization data will be included 
in Annual OMMP Reports for Monitoring Years 2, 4, 7, and 10. 
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1.0 Introduction 
 
This report was prepared to document the post-construction hydrogeologic conditions in and 
adjacent to the St. Paul Waterway Confined Disposal Facility (CDF) located in Commencement 
Bay, Tacoma, Washington (Figure 1).  The St. Paul CDF was constructed to dispose of and 
confine contaminated dredged sediment  from the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project.  Construction of the CDF was completed in 2006.   
 
Contaminated sediment contained within the CDF are separated from direct contact with 
surface water by a containment berm across the St. Paul Waterway on the north, the St. 
Paul/Middle Waterway Peninsula on the west, the Simpson Tacoma Kraft property to the east, 
and the landmass comprising the Simpson log storage property to the south (Figure 2).  
Commencement Bay, the outer St. Paul Waterway, Middle Waterway, and the Puyallup River 
are surface waters located in proximity to the CDF.  Monitoring of the CDF is being performed 
as part of the EPA-approved Operations, Maintenance, and Monitoring Plan (OMMP) for the 
Thea Foss and Wheeler-Osgood Waterways (City of Tacoma 2006).  
 
The objective of the CDF monitoring program is to protect water quality in adjacent surface 
water bodies from migration of contaminants from the confined dredged material.  The primary, 
potential mechanism for contaminant transport is groundwater flow through the CDF and into 
the adjacent water bodies.  The monitoring program is designed to evaluate groundwater flow 
and quality in and around the CDF to ensure compliance with the performance criteria.  
 
The overall components of the St. Paul CDF monitoring program as outlined in the OMMP are 
the following: 
 

 Installation of 15 monitoring wells in and adjacent to the CDF (i.e., MW-01 through MW-
15) (Figure 2); 

 Conducting a 72-hour tidal study and slug tests to evaluate the post-construction 
groundwater gradients and flow conditions in the area of the CDF;  

 Documentation of the hydrogeologic conditions in the Post-Construction Hydrogeologic 
Conditions Report to be submitted to EPA; 

 Selection of monitoring wells to be used for baseline groundwater quality monitoring; 

 Performance of quarterly groundwater and surface water monitoring for two years to 
identify baseline conditions; 

 Documentation of the baseline conditions in a report to be submitted to EPA; 

 Identifying the performance monitoring program for the CDF; 

 Monitoring groundwater quality over time in accordance with the performance monitoring 
program; and 

 Performing visual observations of the berms and CDF cap. 
 
Evaluation of the post-construction hydrogeologic conditions and preparation of this report are 
initial components of the CDF monitoring program.  This Post-Construction Hydrogeologic 
Conditions Report presents the following: 
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 Summary of field activities including installation of 15 new monitoring wells, slug testing, 

and a 72-hour tidal study; 

 Geologic information from the 15 new borings completed as monitoring wells in and 
around the St. Paul CDF; 

 The hydraulic conductivity values resulting from slug testing performed on the monitoring 
wells; and  

 Groundwater gradients and flow information resulting from a 72-hour tidal study.  
 
The Post-Construction Hydrogeologic Conditions Report for St. Paul CDF has been prepared in 
accordance with the requirements specified in the EPA-approved OMMP for the Thea Foss and 
Wheeler-Osgood Waterways Remediation Project. 
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2.0 Field Activities 
 
Multiple field activities were performed between August 28, 2006 and October 6, 2006, to 
evaluate the post-construction hydrogeological conditions at the St. Paul CDF.  Field activities 
that were completed include the following: 
 

 Advancement and logging of 15 soil borings; 

 Installation of 15 monitoring wells in the completed borings; 

 Monitoring well development; 

 Monitoring well slug testing; and 

 Performance of a 72-hour tidal study. 
 
The following sections describe each of the field activities that have been performed. 
 
2.1 BORINGS AND WELL INSTALLATION 
 
2.1.1 Borehole Completion 
 
Fifteen borings were advanced in and around the St. Paul CDF between August 28, 2006 and 
September 6, 2006 (Figure 2).  Soil boring was performed by Boart Longyear’s Holt Drilling 
Division (Puyallup, WA) under the oversight of Floyd|Snider.  A Foremost-Mobile Model B-59 
drill rig equipped with a 4-inch inner diameter hollow stem auger was used to advance the 
borings to depths ranging from 19 to 91 feet below ground surface.  Each boring that was 
advanced was also completed as a monitoring well.  Table 1 provides a summary of boring 
locations and depths.  A log of each boring that documents field observations and soil 
characteristics during boring advancement was prepared and is included in Appendix A.   
 
Samples were collected from each boring over discrete sample intervals by driving a 1.5-foot 
long by 2-inch diameter stainless steel split spoon sampler with a 140-lb auto-hammer in 
accordance with the split spoon sampling techniques described in ASTM D1586-98.  Split-
spoon samples were collected at 5-foot depth intervals by a Floyd|Snider field representative for 
the purpose of logging site soil characteristics and to facilitate monitoring well screen 
placement.  The samples were characterized in accordance with the Unified Soil Classification 
System (USCS) and the soil classification was recorded on the boring logs.  Sample material 
was placed into 16-ounce, pre-cleaned glass jars and retained for possible additional evaluation 
of soil characteristics during well installation.  Each jar was labeled with a unique sample 
number, the boring location, the depth interval over which the sample was collected, time of 
collection, and date.   
 
Drilling equipment was decontaminated prior to drilling at each boring location.  All auger flight 
sections were steam-cleaned and the decontamination water generated from steam-cleaning 
was collected into 55-gallon drums.  Soil cuttings generated from the borings were placed into 
55-gallon drums segregated by borehole that were sealed, labeled, and stored on-site pending 
disposal.  
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2.1.2 Monitoring Well Construction 
 
Each boring location was completed as a monitoring well.  A total of 15 monitoring wells (MW-
01 through MW-15) were installed from August 28, 2006 through September 6, 2006 (Figure 2).  
The monitoring wells were installed in accordance with Appendix D, Confined Disposal Facility 
Monitoring Operations Manual, of the OMMP and Minimum Standards for Construction and 
Maintenance of Wells (Chapter 173-160 WAC).  Table 1 includes a summary of well 
construction at each location.  A well completion log documenting the details of well construction 
was prepared for each monitoring well location and is included in Appendix A.    
 
Eight of the monitoring wells were completed at shallow depths (MW-01 through MW-04, MW-
06, MW-09, MW-10, and MW-13).  The shallow wells are located and screened to evaluate 
hydrogeologic conditions in near-surface soil, fill, and material used to construct the 
containment and offset berms and to allow characterization and monitoring of the quality of 
groundwater that is most likely to be impacted by the saltwater washout effect (i.e., where the 
lowest saline groundwater and stormwater infiltration come in contact with and flow over the 
surface of contaminated sediment placed in the CDF).  The shallow-depth wells were 
constructed with 10-foot long well screens, set to target an elevation interval from approximately 
+10 feet Mean Lower Low Water (MLLW) to 0 feet MLLW (Table 1).  In accordance with the 
OMMP, minor adjustments to the well screen placement elevation were made for several 
shallow wells based on soil characteristics observed during logging of the boreholes (Appendix 
A).  Screen placement was field-adjusted from the target screen interval to span more 
conducive, water-bearing soils when less conducive soil was identified at the target interval 
during borehole logging.  Shallow well screen interval placements were adjusted up to 
approximately 2.4 feet deeper than the target well screen elevation for Monitoring Wells MW-02, 
MW-04, and MW-10. 
 
Three of the wells were completed at intermediate depths (MW-07, MW-11, and MW-14).  The 
intermediate-depth wells were constructed with 10-foot long well screens, set to target an 
elevation interval of approximately 0 feet MLLW to elevation -10 feet MLLW (Table 1).  The 
intermediate wells are located and screened to evaluate hydrogeologic conditions and allow 
characterization and monitoring of the quality of groundwater at an intermediate depth.  Minor 
adjustments to the well screen placement elevation were made for MW-07.  The screen was 
placed 1.7 feet lower than anticipated to penetrate into sandy material having a lower content of 
wood fragments.  
 
Four of the wells were completed as deep wells (MW-05, MW-08, MW-12, and MW-15).  The 
deep wells were constructed with 20-foot long well screens and were designed to evaluate 
hydrogeologic conditions and allow characterization and monitoring of groundwater quality at 
the bottom of the CDF (i.e., approximately -60 feet MLLW).  The target screen interval was -40 
feet MLLW to -60 feet MLLW for Monitoring Wells MW-05, MW-08, and MW-12 (Table 1).  The 
screen placement was field-adjusted for Monitoring Well MW-15, where the screen was placed 
approximately 10.7 feet deeper than the target elevation.  The boring for Monitoring Well MW-15 
was advanced approximately 11 feet deeper in an effort to locate more conducive, water 
bearing soils with a coarser matrix than was observed at the target screen interval.  The soil at 
greater depth at the bottom of Monitoring Well MW-15 contained marginally lower amounts of 
silt and wood fragments at the bottom of the boring and, therefore, the screen was set at the 
bottom of the boring, approximately 11 feet deeper than the target elevation (Table 1).   
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Each monitoring well was constructed using 2-inch inside diameter, 0.020-inch (20-slot), flush-
threaded, machine-slotted Schedule 40 PVC screen and 2-inch inside diameter, flush-threaded 
Schedule 40 PVC casing supplied in 10-foot long sections.  Additionally, 2-inch inside diameter, 
flush-threaded Schedule 40 PVC end caps (sumps) were attached to the bottom of the 
screened interval of each well.  The sand pack for each well was constructed using Oglebay-
Norton 10-20 Colorado Silica Sand.  Bentonite seals for the shallow and intermediate wells were 
constructed using Haliburton Baroid 3/8-inch nominal diameter bentonite chips and Haliburton 
Baroid Bentonite Quik-Grout was used for the deep wells.  Flush-mount and stick-up well 
completions were secured in-place using Basalite Concrete and/or Jet-Set. 
 
Monitoring well installation was completed using the following procedures: 
 

 Upon completion of the boring to the final depth, 10-20 silica sand was carefully poured 
through the hollow, inner portion of the auger and deposited at the bottom of the 
borehole to form a 2 to 4-inch thick pad for the PVC well end-cap, screen, and casing 
assembly to rest on.   

 The well end-cap, screen, and casing assembly were lowered into the borehole.  
Additional sections of well casing were threaded onto the top of the assembly as it was 
continuously lowered to greater depths within the borehole until the end cap came into 
contact with the sand layer placed at the bottom of the borehole.   

 The uppermost end of the installed casing was either trimmed or extended to facilitate 
installation of either a flush-mount or stick-up well completion.   

 A twist-locking J-plug was fitted into the top of each well casing and was secured with a 
brass lock. 

 The annular space of the borehole was then backfilled with 10-20 silica sand as the 
auger was withdrawn from the borehole.  A weighted tape was used to monitor filter 
pack placement and depth during installation to prevent contact between the well end-
cap, screen, and casing assembly and the in-situ soils.  Additionally, the sand was 
introduced in a protracted fashion to ensure that bridging did not occur at depth.  
Backfilling of the borehole with sand in this fashion continued until the sand was placed 
to a level approximately 3-feet above the upper end of the screened section.  

 Bentonite chips (3/8-inch nominal diameter) were used to backfill the annular borehole 
space from the top of the sand pack to within 12 to18-inches from the ground surface for 
both shallow- and intermediate-depth well installations (MW-01 through MW-04, MW-06, 
MW-07, MW-09 through MW-11, MW-13, and MW-14).  The bentonite chips were 
hydrated using potable water when the chips were placed above the water table.  For 
deep well installations (MW-05, MW-08, MW-12, and MW-15) bentonite grout was 
tremmied into the annular borehole space from the top of the sand pack to within 5 to 10 
feet below ground surface.  Then bentonite chips were used to backfill the remainder of 
the annular space between the bentonite grout and concrete surface seal.  Bentonite 
grout was used for the deep well installations to eliminate the possibility of bentonite 
chips bridging at depth in the deep wells.   

 Finally, Monitoring Wells MW-01, MW-02, MW-04, MW-05, and MW-09 through MW-15 
were completed with flush-mount monuments.  Monitoring Wells MW-03, and MW-6 
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through MW-08 were completed with stick-up monuments.  Photographs of each well 
completion are presented in Appendix A with the boring and well installation logs. 

 
The top of casing (TOC) elevations of the 15 monitoring wells, as well as the tide gage and the 
surface water swale stilling well, were surveyed by the City of Tacoma to enable conversion of 
the water level data to MLLW. 
 
2.2 MONITORING WELL DEVELOPMENT 
 
Monitoring wells MW-01 through MW-15 were developed between September 12, 2006 and 
September 18, 2006.  Development activities, including purging and surging, were performed on 
each monitoring well to remove water and fines from the well casing, filter pack, and 
surrounding formation that were the result of or affected by well installation and to establish a 
hydraulic connection between each well and the surrounding aquifer.  The goal of well 
development is to allow groundwater representative of the formation to flow into the well.  Table 
2 summarizes monitoring well measurements and observations during well development.   
 
The procedures used during well development included the following: 
 

 Upon arriving at each well location, the depth to static water level and the depth to the 
bottom of the well or sediment present at the bottom of the well were measured using a 
Solinst brand water level indicator with 0.01-inch increments.  The depth to the water 
level and total depth were recorded on the well development log;   

 The volume of water within the well casing was calculated for the well by multiplying the 
height of the observed water column by the volume of water contained within one linear 
foot of the well casing (i.e., there are 0.016 gallons of water per foot for a 2-inch inside-
diameter PVC well casing).  The volume of water within the well casing was recorded on 
the well log for use in tracking well development.   

 One-half inch disposable PVC tubing was then attached to the Pro Active brand 
submersible 12-Volt electric pump and the pump was lowered to the bottom of the well.  
The pump was then engaged and purge water was pumped into a 5-gallon bucket to 
determine and adjust the purge rate, visually examine the water and observe the fines 
(i.e., sediment and sand) content in the water, evaluate for the presence of an odor, and 
to collect field measurements of turbidity.  The pump was agitated at the bottom of the 
well during purging to entrain and facilitate the removal of sand and sediment that had 
accumulated in the end cap during well installation.   

 When the turbidity in well purge water began to improve the submersible pump was 
removed and a solid PVC surge rod was lowered into the well using disposable poly 
rope.  The well was then surged by repeatedly raising and lowering the surge rod along 
the length of the screened interval to push water through the screen and into the filter 
pack.   

 Following surging, the pump was placed back into the well and positioned at varying 
depths in the water column to promote lateral groundwater inflow at various elevations 
throughout the length of the screened interval.  This procedure was performed to flush 
the sand pack.   



   
 

Post-Construction Hydrogeologic Conditions Report 112206.doc Page 7
 

 When the variation in successive turbidity readings dropped below 10 percent 
development was considered complete.  Turbidity was measured with an HF Scientific 
brand turbidimeter.  In cases where turbidity readings did not stabilize or satisfy the 10 
percent criterion following the purging of large quantities of water from a well (i.e., MW-
11), development was considered complete when the well discharge appeared to reach 
relatively steady-state turbidity.  

 In the case of MW-11, turbidity did not stabilize or drop appreciably in the course of 
development activities, during which over 28 well casing volumes (85 gallons) of water 
were pumped from the well, as indicated by its final turbidity measurement of 720 NTU.  
Additionally, strong hydrogen sulfide-like and marine-like odors emanated from the well 
throughout development.  Development was terminated when it became clear that 
additional purging was not improving the observed level of turbidity in the water or 
reducing the level of detected odor for this well.  It is hoped that additional purging 
performed prior to sampling will reduce the turbidity in MW-11 to acceptable levels.  All 
remaining wells declined to a reasonable level of turbidity relative to the initial turbidity 
level in the course of development.   

 Upon completion of well development, a final depth to static water level and depth to the 
bottom of the well were recorded on the well development log prepared for each well.   

 
Non-disposable equipment, including the submersible pump, surge block, and water level 
indicator, were decontaminated between well locations using a three-step decontamination 
process consisting of an Alconox solution wash, potable water rinse, and final de-ionized water 
rinse.  New lengths of disposable poly rope and PVC tubing were used at each well location and 
were discarded after use. 
 
All purge water and decontamination water generated during well development activities for 
MW-04 and MW-05, the two monitoring wells installed within the CDF, were collected into 55-
gallon drums that were labeled to indicate date of generation, monitoring well source, and 
volume of contents.  The wells containing purge water are stored on-site pending disposal. 
Purge water generated from development of the remaining wells was discharged on-site in 
accordance with Appendix D, Confined Disposal Facility Monitoring Operations Manual, of the 
OMMP. 
 
2.3 MONITORING WELL SLUG TESTING 
 
Following well development activities, slug tests were conducted on Monitoring Wells MW-01 
through MW-15 in general accordance with ASTM D 4044-96 (ASTM 2000).  Slug testing of the 
monitoring wells was performed on September 27, 2006 and September 28, 2006.  Slug tests 
are performed to estimate aquifer hydraulic conductivity in the vicinity of the well.   
 
The procedures for slug testing each well included the following: 
 

 Upon arriving at each well location, the depth to static water level was measured using a 
Solinst brand depth to water level indicator with 0.01-foot increments;  

 A pressure transducer was then placed at a distance below the static water level that 
enabled full submersion of the slug rod below the water line and provided a measurable 
buffer distance between the bottom of the slug rod and the top of the transducer;   
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 After stabilization of the groundwater level from the water column displacement caused 
by installation of the pressure transducer, the slug rod was submerged in the water 
column;   

 The pressure transducer was monitored for recovery of the perturbed water level until it 
returned to within 95 percent of the initial head measured by the transducer prior to the 
introduction of the slug rod;   

 Then the slug rod was quickly removed from the water column and the change in 
hydraulic head (i.e., groundwater level) over time was recorded by a data logger and the 
water level in the well was monitored to identify when the recovery was within 95 percent 
of the initial water level.   

 Once the groundwater level recovered to within 95 percent of the initial water level, the 
depth to groundwater was manually measured, the test was concluded, and the 
pressure transducer was removed.  

 
Replicate slug tests were performed on Monitoring Wells MW-11 and MW-15 for quality 
assurance / quality control (QA/QC) purposes as a check on slug test procedures and analyses. 
 
The slug test data, data evaluation methods, hydrographs, and hydraulic conductivity results are 
presented in Appendix C.  The results of slug testing are discussed in Section 3.2.1. 
 
2.4 TIDAL STUDY 
 
A 72-hour tidal study was completed to assess tidal effects on groundwater levels in the 15 
monitoring wells installed in and around the CDF.  The tidal study was performed on October 3, 
2006 through October 6, 2006.  Groundwater levels were recorded at 15-minute intervals at 
each well location and surface water levels were monitored and recorded at a tide gauge 
established in the Middle Waterway and a still well established in the surface water swale 
located on the eastern boundary of the CDF using a network of pressure transducers and data 
loggers.  Figure 2 shows the locations of the transducers and data loggers placed in monitoring 
wells, the tide gauge, and the still well. 
 
The procedures for performing the tidal study included the following: 
 

 Prior to the initiation of the tidal study, 17 pressure transducers, provided by In-Situ 
Incorporated of Fort Collins, CO, were time-synchronized and programmed to record the 
height of the column of water above the pressure transducer at 15-minute intervals;   

 A transducer was then placed into each monitoring well (MW-01 through MW-15) at an 
elevation determined to capture the anticipated range of water level fluctuations within 
each well;   

 A tide gauge was constructed by installing a pressure transducer within an open-bottom, 
1.5-inch inside-diameter PVC casing attached to a piling in the Middle Waterway (Figure 
2).  The transducer was installed at an elevation that captured tidal elevation data within 
the range of tidal elevations predicted throughout the study;   

 A pressure transducer was also deployed within an open-bottom, 1.5-inch inside-
diameter PVC casing that was installed within the surface water swale located on the 
eastern boundary of the CDF; 
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 Following initiation of the data loggers and deployment of the transducers, periodic 
depth-to-water (from the top of the casing or TOC) measurements were recorded at 
each transducer location using a manual water level indicator.  Transducer head (i.e., 
height of the water column above the transducer) readings were recorded from the data 
logger coincident with the manual depth-to-water measurements.  The manual water 
level measurements provided reference data for use in converting the transducer-
collected relative head elevations into elevations referenced to MLLW.  A series of four 
to five manual water level measurements were collected over the course of the tidal 
study for each transducer location. 

 
At the conclusion of the tidal study on October 6, 2006, the 17 transducers were removed from 
the monitoring locations and all collected data were downloaded to a laptop computer.   
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3.0 Hydrogeologic Conditions 
 
3.1 SOIL AND FILL MATERIALS COMPRISING THE CDF AND ADJACENT AREAS 
 
Information on the characteristics of site soil and fill was collected from the advancement of the 
15 borings that were completed as monitoring wells.  As described in Section 2.1.1, samples of 
the soil and fill were collected at 5-foot intervals during advancement of the borings and 
characterized in accordance with the Unified Soil Classification System.  The resulting soil 
classification was documented in the boring logs presented in Appendix A.   
 
Four general soil units were identified based on the soil borings advanced in and adjacent to the 
CDF as shown on the generalized geologic cross-sections for the site (Figures 3 through 6). 
 
The soil units observed consist of the following: 
 

 Recently placed, engineered CDF offset and containment berm materials; 

 Historical fill materials; 

 Recently placed dredged material fill; and  

 Native deltaic and shallow marine sediment. 
 
Two of the four soil units, historical fill materials and deltaic and shallow marine sediments, were 
previously identified during investigations to support design of the CDF.  The two remaining 
units, berm construction materials and dredged material fill, are more recent and were placed as 
part of the construction and filling of the CDF.   
 
Monitoring Wells MW-01 and MW-09 were installed in the CDF containment berm and offset 
berm, respectively (Figure 3).  The containment and offset berms were constructed of rip rap 
armoring and select fill materials.  The select fill comprising the center of the berms into which 
boring was performed to install Monitoring Wells MW-01 and MW-09 is composed of fine to 
course sand and gravel.  Relatively few fines (i.e., silt and clay) are present in the select fill as 
the construction documents specified a maximum fines content of two percent.  As required by 
the design, minimal variation exists in the soil characteristics of the berm structures. 
 
Historical fill materials were observed in all areas surrounding the CDF where monitoring wells 
were installed.  The historical fill materials were observed in the borings advanced to install 
Monitoring Wells MW-02, MW-03, MW-06 through MW-08, and MW-10 through MW-15.  
Generally, historical fill material was encountered from ground surface down to approximately 
10 feet deep that consisted of sandy silt, silty sand, gravel, and sand.  Wood fragments 
intermixed with historical fill materials were encountered in the borings for Monitoring Wells MW-
07, MW-12, and MW-15.  Cobbles, asphalt and concrete were observed in the top three feet in 
the borings for Monitoring Wells MW-13 through MW-15.   
 
Previous design investigations also identified historical fill materials in all borings surrounding 
the CDF.  The historical fill material was identified to range from 16 to 31 feet deep and to 
consist predominantly of poorly graded sand with silt layers and wood at the boring locations 
investigated during design.  Based on the current and previous investigations, the historical fill 
ranges from 10 to 31 feet deep in the area around the CDF.  
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The material dredged from the Thea Foss and Wheeler-Osgood Waterways and disposed of in 
the CDF was observed in the borings advanced to install Monitoring Wells MW-04 and MW-05.  
The dredged material placed in the CDF is comprised of silt with fine sand and fine sand with 
silt.  Abundant to trace wood fragments and scattered shell fragments were also observed to be 
present in the dredged material fill.  
 
The native soil underlying the historical fill material was observed in borings for Monitoring Wells 
MW-02, MW-03, MW-06 through MW-08, MW-10 through MW-12, and MW-13 through MW-15. 
The soil underlying the historical fill consists of deltaic and shallow marine sediment comprised 
of sands, silty sands, and sandy silts.  The deltaic and shallow marine sediments are generally 
similar in composition to the historical fill.  Abundant to trace wood fragments and scattered 
shell fragments were also observed to be present in the deltaic and shallow marine sediment.    
Often, the presence of sand and silt oscillated back and forth as borings for Monitoring Wells 
MW-08 and MW-15 were advance to greater depths. 
 
Previous investigations had also identified the deltaic and shallow marine sediment in deeper 
geotechnical and sediment borings.  Previous investigations identified variable layers of sand, 
silty sand, and sandy silt beginning at approximately 5 feet MLLW to -10 feet MLLW, and 
continuing to at least elevation -100 feet MLLW.  The deltaic and shallow marine deposits were 
identified to be associated with sedimentation from the Puyallup River.  
 
Monitoring wells installed in historical fill and deltaic and shallow marine sediment (i.e., 
Monitoring Wells MW-02, MW-03, MW-06 and MW-08, MW-10 and MW-12, and MW-13 and 
MW-15) were screened in a combination of sand, silty sand, and sandy silt.  The sediment in the 
screened intervals of monitoring wells installed in the CDF (i.e., Monitoring Wells MW-04 and 
MW-05) consists of silt with fine sand.  The monitoring wells installed in the containment and 
offset berms (Monitoring Wells MW-01 and MW-09) were screened in sand and gravel.  The soil 
type that each well was screened in affects the hydraulic conductivity as discussed in the 
following section.  
 
3.2 HYDRAULIC CONDUCTIVITY 
 
3.2.1 Methodology for Determining Hydraulic Conductivity 
 
The data that is collected during a slug test consists of the measurement of hydraulic head (i.e., 
height of the water column above the transducer) at each time interval after the slug rod is 
removed.  The speed with which the hydraulic head changes over time is used to identify the 
hydraulic conductivity value for a specific well.   
 
Two methodologies were used to estimate hydraulic conductivity values based on the results of 
slug tests performed on wells in and adjacent to the CDF.  The methodology used to evaluate 
the results for a specific well was based on the response that was observed in a plot of the slug 
test data.  The estimated hydraulic conductivity values calculated are presented in Table 3 and 
are shown with respect to well location in Figure 7.  The slug test data and hydraulic 
conductivity evaluations for each well are presented in Appendix B. 
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Bouwer and Rice Method 
 
The majority of the data for the wells slug tested in and adjacent to the CDF were analyzed 
using the Bouwer and Rice method (Bouwer and Rice 1976 and 1989).  This method was used 
to calculate the hydraulic conductivity for all monitoring wells except MW-12 as the plots of the 
normalized test data for these wells were graphically an upward, concave shape.  The best-fit 
regression line methodology specified by Bouwer and Rice is readily applicable to the slug test 
data observed for Monitoring Wells MW-01 through MW-11 and MW-13 through MW-15.   
 
Application of the Bouwer and Rice method initially involves selecting data points from a plot of 
slug test data.  Data points are selected from the early time portion of the plot following removal 
of the slug rod.  Care is taken to select points representing the aquifer response rather than 
points thought to reflect drainage effects from the filter pack around the well casing.  The 
selected data points are then used to calculate a regression line that represents a best-fit line 
for the data.  Two normalized hydraulic head values occurring along this line, the time interval 
between the values, well construction parameters, and water level data are then entered into an 
equation to calculate the estimated hydraulic conductivity (K) around the well.  This method is 
described further in Appendix B. 
 
Butler and Garnett Method 
 
A sinusoidal response (i.e., an oscillating increase and decrease in the water elevation) was 
observed in the slug test results for Monitoring Well MW-12.  An oscillating response in the slug 
test data is typically observed in wells screened in formations of high hydraulic conductivity or 
wells with long columns of water above the top of the screen in formations of moderate or higher 
conductivity (Butler and Garnett 2000).  The response displayed by Monitoring Well MW-12 
appeared as a dampened sinusoidal fluctuation, thereby precluding the use of the straight line, 
best-fit methodology of the Bouwer and Rice method.  The slug test data from Monitoring Well 
MW-12 was analyzed using the methods suitable for slug test data that indicates well screened 
in formations with high hydraulic conductivities described by Butler and Garnett (Butler and 
Garnett 2000).   
 
The Butler and Garnett method was applied to the results of slug testing in Monitoring Well MW-
12 using software available from the Kansas Geological Survey Open File Report 2000-40 
(Butler and Garnett, 2000).  The slug test data, beginning at the onset of the slug test, is entered 
into the spreadsheet provided by the software to create a normalized plot of hydraulic head 
versus time.  A graph of a theoretical sinusoidal curve is generated by the spreadsheet and 
superimposed on a plot of the test data.  Match points are selected between the theoretical 
curve and the test data curve.  The spreadsheet then calculates the radial hydraulic conductivity 
using the match point ratio and dimensionless time parameter values and well construction 
parameters.  This method is described further in Appendix B. 
 
3.2.2 Hydraulic Conductivity Results 
 
As discussed in Section 3.1, the soil in and adjacent to the CDF is comprised of recently 
deposited sand and gravel material used to construct the containment and offset berms, 
dredged material fill disposed of in the CDF, historically placed fill, and deltaic and shallow 
marine sediment deposits that are not laterally continuous across the site.  The estimated 
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hydraulic conductivity values for the soil and fill within and adjacent to the CDF ranged from a 
minimum of 1.2x10-4 centimeters per second (cm/sec) or 0.35 feet per day (ft/day) in Monitoring 
Well MW-05, located within the fill area, to a maximum of 4.6x10-1 cm/sec or 1,320 ft/day in 
Monitoring Well MW-01, located in the containment berm.  The heterogeneity of the soil and 
sediment types is reflected in the range of hydraulic conductivities exhibited in the wells installed 
in and adjacent to the CDF.   
 
Shallow Well Hydraulic Conductivity Values 
 
The hydraulic conductivity values for the shallow wells (MW-01 through MW-04, MW-06, MW-
09, MW-10, and MW-13) range from 4.08x10-4 cm/sec or 1.16 ft/day at Monitoring Well MW-04 
installed in the CDF to 4.64x10-1 cm/sec or 1,320 ft/day at Monitoring Well MW-01 installed in 
the CDF containment berm.  Generally, the wells screened in coarser, less silty soil and 
sediment yielded higher hydraulic conductivity values than wells screened in finer, silty soil and 
sediment.   
 
Monitoring Well MW-04, installed within the CDF, exhibited the lowest hydraulic conductivity 
value of shallow wells (4.08x10-4 cm/sec or 1.16 ft/day), reflecting the low permeability of the 
predominantly fine sandy silt dredged material recently placed in the CDF (Figure 7).  The 
highest hydraulic conductivity values for shallow monitoring wells were observed in Monitoring 
Wells MW-01 and MW-09 and ranged from 3.57x10-1 cm/sec or 1,010 ft/day to 4.64x10-1 cm/sec 
or 1,320 ft/day.  Monitoring Wells MW-01 and MW-09 are located within the containment and 
offset berms, respectively, and are screened over highly-permeable coarse gravel and sand fill 
placed during construction of the berms.   
 
Mid-range hydraulic conductivity values from 1.25x10-2 cm/sec or 35.5 ft/day to 7.38x10-2 
cm/sec or 209 ft/day were observed in shallow monitoring wells MW-02, MW-03, MW-10, and 
MW-13.  The mid-range hydraulic conductivity values reflects the hydraulic properties of the silty 
fine-sand to coarse sand deposits in which these shallow wells are screened.   
 
Intermediate Well Hydraulic Conductivity Values 
 
Hydraulic conductivity values for the intermediate depth wells (MW-07, MW-11, and MW-14) 
ranged from 5.02x10-4 or 1.42 ft/day at Monitoring Well MW-14 to 3.30x10-2 cm/sec or 93.2 
ft/day at Monitoring Well MW-11.  The soil and sediment in which these wells are screened 
consists of silts to medium sands, which correlates well with the range of hydraulic conductivity 
values observed in these wells.   
 
Hydraulic conductivity values estimated for Monitoring Wells MW-07 and MW-11 are of similar 
magnitude, while the hydraulic conductivity value for MW-14 is lower than the other intermediate 
wells by a factor of approximately one to two orders of magnitude, respectively.  Despite the 
general similarity of materials over which the intermediate wells are screened, differences in 
material deposition in the location of MW-14 may account for the lower hydraulic conductivity 
value.  Monitoring Well MW-15, the deep well co-located with Monitoring Well MW-14, exhibits a 
similar hydraulic conductivity value of 6.54x10-4 or 1.85 ft/day.  The similar hydraulic conductivity 
values for Monitoring Wells MW-14 and MW-15 indicate that depositional characteristics specific 
to the intermediate and deep screen locations for these wells likely control the hydraulic 
conductivity values at this location.  
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Deep Well Hydraulic Conductivity 
 
The hydraulic conductivity values for the deep monitoring wells (MW-05, MW-08, MW-12, and 
MW-15) ranged from 1.24x10-4 cm/sec or 0.35 ft/day at Monitoring Well MW-05 to 3.38x10-2 
cm/sec or 95.8 ft/day at MW-12.  Monitoring Well MW-05 and MW-15 exhibit the lowest 
hydraulic conductivity values (1.24x10-4 cm/sec or 0.35 ft/day and 6.5.34x104x10-4 or 1.85 
ft/day, respectively) for the deep wells.  Monitoring Wells MW-05 and MW-15 are screened in 
predominantly fine sandy-silt.  The hydraulic conductivity values estimated for Monitoring Wells 
MW-08 and MW-12 (2.87x10-2 cm/sec or 81.5 ft/day and 3.38x10-2 cm/sec or 95.8 ft/day, 
respectively) represent the highest values for the deep wells, which correlates with the expected 
range of conductivities associated with the fine to medium sand in which the wells are screened.  
 
3.2.3 Summary of CDF Hydraulic Conductivity Values 
 
Hydraulic conductivity varies across the site along the shallow, intermediate and deep screening 
levels.  This variability is the result of differences in the soil unit characteristics encountered in a 
given horizon.  The estimated hydraulic conductivities are consistent with the soil conditions 
where more coarse materials such as those comprising the CDF berms exhibit higher 
conductivities than do finer grained silts comprising the recently deposited dredged material.   
 
The hydraulic conductivity values measured at the CDF are highest in the containment and 
offset berms.  The two wells located within the berms, MW-01 and MW-09, show similar 
hydraulic conductivity values of 4.64x10-1 cm/sec or 1,320 ft/day and 3.57x10-1 cm/sec or 1,010 
ft/day, respectively.  Monitoring Wells MW-01 and MW-09 are screened over highly-permeable 
coarse gravel and sand fill placed during construction of the berms.   
 
The wells located adjacent to the Middle Waterway (MW-02, MW-06 through MW-08 and MW-
10 through MW-12) show similar hydraulic conductivity values ranging from 2.02 x 10-2 cm/sec 
or 57.2 ft/day at Monitoring Well MW-07 to 1.1x 10-1 cm/sec or 310 ft/day at Monitoring Well 
MW-06.  Hydraulic conductivities estimated for Monitoring Wells MW-06 through MW-08 and 
MW-10 through MW-12 were within the mid-range of conductivities observed at the site.  The 
mid-range hydraulic conductivity values reflect the hydraulic properties of the silty fine-sand to 
coarse sand comprising the historical fill and deltaic and shallow marine deposits in which these 
wells are screened.   
 
The two wells installed within the dredged material disposed of in the CDF, Monitoring Wells 
MW-04 and MW-05, exhibit the lowest estimated hydraulic conductivity values at the site.  
Monitoring Wells MW-04 and MW-05 have similar hydraulic conductivity values of 4.08x10-4 
cm/sec or 1.16 ft/day and 1.24x10-4 cm/sec or 0.35 ft/day, respectively.  The low conductivity 
values reflect the low permeability of the predominantly fine sandy silt dredged material fill 
disposed of in the CDF.   
 
Based on the slug test results performed on wells in and adjacent to the CDF, the hydraulic 
conductivity values for the sediment disposed of in the CDF is generally two to three orders of 
magnitude slower than the hydraulic conductivity values for the soil and sediment surrounding 
the CDF.  The information for hydraulic conductivities indicates that the silt and fine sand 
comprising the dredged fill material placed in the CDF will reduce the hydraulic connection 
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between groundwater within the CDF and groundwater and surface water surrounding the CDF 
and the potential transport of contaminants out of the dredged fill material. 
 
3.3 GROUNDWATER RESPONSE TO TIDAL FLUCTUATIONS 
 
Groundwater elevations in all 15 monitoring wells, as well as surface water elevations at two 
additional locations, were recorded at 15-minute intervals during a 72-hour tidal study using 
pressure transducers with internal electronic data loggers.  Data for the elevation of 
groundwater in each well was compared to the surface water elevations in the Middle Waterway 
to evaluate the affect of tidal fluctuations on groundwater in and adjacent to the CDF.  The 
locations of the transducers during the tidal study are shown in Figure 2.  The data recorded 
during the tidal study is presented in Appendix C.   
 
3.3.1 Methodology for Evaluation of Groundwater Response to Tidal Fluctuations 
 
The pressure transducers used in the tidal study measure and record the pressure resulting 
from the weight of the column of water (i.e., hydraulic head) above the transducer.  The data 
loggers within the pressure transducers record the changes in pressure that are the result of the 
change in the weight of the water column over time, in response to tidal fluctuations.  The 
internal data loggers are programmed to automatically convert the pressure readings (i.e., 
weight of the water column) to the height of the water column, in feet, above the transducer.   
 
Measurement of the depth to the water surface from the surveyed top of the well casing, for 
groundwater wells, and top of the surveyed still well casing and tide gauge, for surface water 
monitoring locations, were used to convert the relative measurements recorded by the 
transducers to elevations in feet MLLW.  The depth to the surface of the water (i.e., groundwater 
and surface water) were measured manually using a water level indicator.  The height of the 
water column being read by the transducer was recorded concurrently with the depth to the 
surface of the water and was used to correlate the measurement of the height of the water 
column to elevation at the surface of the water in feet MLLW.  Additional detail describing 
conversion of transducer measurements to water surface elevations are presented in Appendix 
C.  
 
The data loggers within the transducers recorded the water level in each monitoring well and 
surface water monitoring location every 15 minutes over the course of the 72-hour tidal study 
resulting in 288 measurements of the elevation of the water surface at each location.  The 
hydrographs presenting the recorded water elevation data and depicting the changes in 
groundwater and surface water elevations are presented in Appendix C.    
 
For an unknown reason, all of the transducers recorded multiple water elevations for the same 
time intervals for times between 2:00 and 2:45 on October 5, 2006. The duplication was 
repeated in every transducer, and is likely a programming error in the software used to transfer 
the data from the transducer to an electronic file for data evaluation.  However, the 
measurement duplication does not impact the trends observed in the groundwater levels and 
the overall mean groundwater elevation.   
 
The hydrographs for each monitoring well (i.e., Monitoring Wells MW-01 through MW-15) show 
the change in the groundwater surface elevation in relationship to tidal fluctuations (i.e., 
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changes in the elevation of surface water in the Middle Waterway as measured by the tide 
gauge) over the 72-hour tidal study (Appendix C).  Additionally, the hydrograph for Monitoring 
Well MW-09 includes the surface water elevation data from the still well in the surface water 
swale located immediately adjacent to MW-09.  Table 4 presents the highest and lowest 
groundwater and surface water elevations recorded at each monitoring location during the 72-
hour tidal study and the calculated tidal lag time for each monitoring well. 
 
3.3.2 Groundwater Response to Tidal Fluctuations 
 
During the tidal study, the tide elevation ranged from a low of 0.15 feet MLLW to approximately 
13 feet MLLW for an overall change in tidal elevation of approximately 13 feet.  The greatest 
change in the groundwater surface elevation in response to the tidal fluctuations was observed 
in Monitoring Well MW-01 located in the containment berm and was approximately seven feet.  
The least amount of change in the groundwater surface elevation was observed in Monitoring 
Well MW-13 and was 0.11 feet or approximately one inch.   
 
Shallow Well Tidal Response 
 
The hydrograph for shallow monitoring well MW-01 indicates a relatively rapid response 
between changes in tidal elevation in adjacent surface water and water within the CDF 
containment berm.  The time lag between tidal fluctuations and changes in groundwater 
elevations in Monitoring Well MW-01 is relatively short at 15 minutes (Table 4).  As stated 
above, the greatest change in the groundwater elevation was observed in Monitoring Well MW-
01 and was approximately seven feet.  At Monitoring Well MW-09 the groundwater elevations 
within the offset berm closely mimic the surface water elevations within the surface water swale 
both in magnitude of change and lag time.  The relatively large time lag observed in the surface 
water swale and Monitoring Well MW-09 is a result of the distance of the swale from the surface 
water in the Middle Waterway.  The overall response of groundwater elevations as a result of 
tidal fluctuations in Monitoring Wells MW-01 and MW-09 is indicative of the material used to 
construct the berms (i.e., sand and gravel).  
 
The hydrographs for shallow monitoring wells MW-02, MW-06, and MW-10 indicate a 
moderately rapid response of groundwater elevation to changes in tidal fluctuations.  The lag 
time between tidal fluctuations and groundwater elevations within the shallow wells west of the 
CDF ranges from 15 to 45 minutes.  The magnitude of change in the groundwater elevations in 
Monitoring Wells MW-02, MW-06, and MW-10 ranged between approximately 4.5 and 5.5 feet. 
The moderately rapid hydraulic connection and magnitude of change in groundwater elevations 
in response to tidal fluctuations in wells west of the CDF is indicative of the sand, silty sand, and 
sandy silt present in historical fill and deltaic and shallow marine deposits.     
 
Although the hydrographs and calculated lag times for shallow monitoring wells adjacent to the 
CDF show a relatively rapid response to tidal fluctuations, the hydrographs for Monitoring Well 
MW-04 installed within the CDF had minimal response to tidal fluctuations.  The groundwater 
elevation change in shallow monitoring well MW-04 was three inches.  The calculated lag time 
for Monitoring Well MW-04 was 165 minutes (i.e., 2 hours and 45 minutes).  The relatively small 
response to tidal fluctuations and long lag time in Monitoring Well MW-04 are indicative of the 
fine sandy, silt present in the CDF and indicates that there is limited hydraulic connection 
between tidal fluctuations and groundwater present in the CDF.   
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Similarly, the hydrographs and calculated lag times for Monitoring Wells MW-03 and MW-13 
also indicate limited hydraulic connection between these monitoring wells and tidal fluctuations 
in the adjacent surface water.  Groundwater elevation changes in shallow monitoring wells MW-
03 and MW-13 were approximately one inch and six inches, respectively.  The calculated lag 
times for Monitoring Well MW-03 and MW-13 were 120 and 255 minutes, respectively (i.e., 2 
hours and 4 hours and 15 minutes, respectively).  The limited hydraulic connection between 
Monitoring Wells MW-03 and MW-13 and tidal fluctuations may be a result of the presence of 
the dredged material within the CDF between these wells and adjacent surface water. 
 
Intermediate Well Tidal Response 
 
The hydrographs for intermediate monitoring wells MW-07 and MW-11 indicate a moderately 
rapid response in groundwater elevation in response to changes in tidal fluctuations.  The 
calculated lag time for Monitoring Wells MW-07 and MW-11 is 30 minutes.  Groundwater 
elevation change in intermediate monitoring wells MW-07 and MW-11 was approximately 6.5 
feet.  The moderately rapid communication and range in the groundwater elevation response to 
tidal fluctuations in the intermediate wells west of the CDF is indicative of the sand, silty sand, 
and sandy silt present in deltaic and shallow marine deposits.   
 
The hydrograph and calculated lag time for Monitoring Well MW-14 indicates limited hydraulic 
connection between MW-14 and tidal fluctuations in the adjacent surface water.  The 
groundwater elevation change in intermediate monitoring well MW-14 was approximately two 
inches.  The calculated lag time for Monitoring Well MW-14 was 150 minutes (i.e., 2 hours and 
30 minutes).  The limited hydraulic connection between Monitoring Well MW-14 and tidal 
fluctuations may be a result of the presence of the dredged material within the CDF between 
MW-14 and adjacent surface water.  
 
Deep Well Tidal Response 
 
The hydrographs for deep monitoring wells MW-08 and MW-12 indicate a moderately rapid 
response in groundwater elevation in response to changes in tidal fluctuations in deep soil west 
of the CDF.  The calculated lag time for Monitoring Wells MW-08 and MW-12 is 60 minutes.  
Groundwater elevation change in deep monitoring wells MW-08 and MW-12 was approximately 
4.75 and 3.5 feet, respectively.  The relatively rapid hydraulic connection and range in the 
groundwater elevation in response to tidal fluctuations in the deep wells west of the CDF is 
indicative of the sand, silty sand, and sandy silt present in deltaic marine deposits.     
 
Although the hydrographs and calculated lag times for deep monitoring wells adjacent to the 
CDF show a relatively rapid response to tidal fluctuations, the hydrographs for Monitoring Well 
MW-05 installed within the CDF had minimal response to tidal fluctuations.  The groundwater 
elevation change in deep monitoring well MW-05 was six inches.  The calculated lag time for 
Monitoring Well MW-05 was 135 minutes (i.e., 2 hours and 15 minutes).  The relatively small 
response to tidal fluctuations and long lag time in Monitoring Well MW-05 are indicative of the 
fine sandy, silt present in the CDF and indicates that there is limited hydraulic connection 
between tidal fluctuations and groundwater present in the CDF. 
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The hydrographs for deep monitoring well MW-15 indicates a delayed response in groundwater 
elevation in response to changes in tidal fluctuations.  However, the change in groundwater 
elevation indicates moderate communication between Monitoring Well MW-15 and tidal 
fluctuations in adjacent surface water.  The calculated lag time for Monitoring Well MW-15 is 
195 minutes (i.e., 3 hours and 15 minutes).  The groundwater elevation change in deep 
monitoring wells MW-15 was approximately two feet.  Monitoring Well MW-15 is screened in 
materials similar to MW-13 and MW-14 and is a similar distance away from surface water but 
had a greater response to tidal fluctuations.  Additionally, Monitoring Well MW-15, is screened 
10 feet deeper (i.e., from -70 feet MLLW to -50 feet MLLW) than other deep monitoring wells 
and is screened to a depth 10 feet below the bottom of the CDF potentially indicating that the 
silty sediment in the CDF is inhibiting the response of tidal fluctuations on groundwater 
elevations at Monitoring Wells MW-13 and MW-14.  
 
3.3.3 Summary of Groundwater Response to Tidal Fluctuations 
 
The hydrographs for shallow wells installed in the containment and offset berms and shallow 
and intermediate wells west of the CDF indicate a relatively rapid to moderately rapid response 
in groundwater elevation in response to tidal fluctuations with calculated lag times ranging from 
15 to 45 minutes.  Additionally, the change in groundwater elevations ranged from 
approximately four to seven feet.   
 
Although the shallow wells installed in the berms and shallow and intermediate wells installed 
west of the CDF had significant responses to changes in tidal fluctuations, Monitoring Wells 
MW-04 and MW-05 installed within the CDF had a limited response to tidal fluctuations.  The 
calculated lag time for Monitoring Wells MW-04 and MW-05 were 165 and 135 minutes, 
respectively (i.e., 2 hours and 45 minutes and 2 hours and 15 minutes, respectively).  
Groundwater elevation changes in shallow monitoring well MW-04 and deep monitoring well 
MW-05 were three inches and approximately six inches, respectively.  The relatively small 
response to tidal fluctuations in Monitoring Wells MW-04 and MW-05 are indicative of the fine 
sandy, silt that was disposed of in the CDF.   
 
The hydrographs for Monitoring Wells MW-03, MW-13, and MW-14 installed east of the CDF 
also indicated minimal response to tidal fluctuations.  However, deep monitoring well MW-15 
located east of the CDF exhibited a greater response to tidal fluctuations than the shallow and 
intermediate wells.  The greater response to tidal fluctuations exhibited by Monitoring Well MW-
15 indicates that the presence of the silty dredged material fill in the CDF is likely inhibiting the 
response in Monitoring Wells MW-03, MW-13, and MW-14.   
 
The information from groundwater responses to tidal fluctuations corroborates the results of 
hydraulic conductivities and further indicates that the silt and fine sand comprising the dredged 
fill material placed in the CDF limits the hydraulic connection between groundwater within the 
CDF and groundwater and surface water surrounding the CDF and the potential transport of 
contaminants out of the dredged fill material. 
 
3.4 MEAN GROUNDWATER ELEVATION, GRADIENTS, AND FLOW DIRECTION 
 
Groundwater elevation data was used to determine the average groundwater elevation at each 
monitoring well location to identify groundwater gradients across the CDF.  Groundwater 
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elevations in all 15 monitoring wells, as well as surface water elevations at two additional 
locations, were recorded during a 72-hour tidal.  The groundwater gradients identified from the 
tidal study are used to infer overall groundwater flow directions at the CDF and areas of 
potential groundwater discharge to surface water.  The data recorded during the tidal study is 
presented in Appendix C.   
 
3.4.1 Methodology for Determining Mean Groundwater Elevation, Gradients, and Flow 

Direction 
 
The groundwater elevations recorded on 15 minute intervals at each monitoring well location 
were used to calculate the mean groundwater elevation over the 72-hour tidal study.  The mean 
groundwater elevations for shallow, intermediate, and deep monitoring wells are plotted on 
Figures 8 through 10 and used to identify the horizontal groundwater gradients (i.e., the slope of 
the groundwater surface) and inferred groundwater flow direction for each monitoring well depth 
(i.e., shallow, intermediate, and deep).  The mean groundwater elevations were also used to 
identify the vertical groundwater gradient between each monitoring well depth.  As groundwater 
flows from areas of higher hydraulic head (higher groundwater elevations) to areas with lower 
hydraulic head (lower groundwater elevations), the horizontal and vertical direction of 
groundwater flow is indicated from the groundwater elevation gradients.  The magnitude of the 
difference in the hydraulic head from one location to another location indicates the relative 
potential for the groundwater to flow between the two locations.   
 
Mean groundwater elevations were calculated for the wells in and adjacent to the CDF using the 
method described by Serfes (Serfes 1991).  A detailed description of the method used to 
calculate the mean groundwater elevation is presented in Appendix C.  The method described 
by Serfes uses a 72-hour set of groundwater elevation measurements and filters out tidal 
fluctuation to determine a mean groundwater elevation.   
 
The calculated mean groundwater elevation for each well over the tidal study, the maximum and 
minimum groundwater elevations, groundwater elevation observed at the highest, high tide and 
lowest, low tide during the 72-hour tidal study, and the tidal time lag are presented in Table 4.  
Additionally, Table 4 summarizes elevations measured at the tide gauge and still well located 
within the surface water swale.  Table 5 summarizes the mean vertical hydraulic gradients for 
the shallow to intermediate and intermediate to deep well depths for each of the three, three-
well clusters at the St. Paul CDF. 
 
Figures 8 through 10 indicate that net groundwater flow is to the west at the St. Paul CDF.  
Although net groundwater flow is to the west, the groundwater elevation data from the tidal 
study shows that the horizontal hydraulic gradients change in response to tidal fluctuation in the 
St. Paul and Middle Waterways and Commencement Bay.  The groundwater flow direction 
temporarily reverses during flood tide as was observed during the 72-hour tidal study (Table 4).  
However, the reversal of the groundwater gradient is transient and the overall net groundwater 
gradient is to the west. 
 
3.4.2 Groundwater Gradients and Flow Directions  
 
The estimated groundwater gradients and flow directions for each well depth are discussed in 
the following sections. 
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Shallow Monitoring Well Groundwater Gradients and Flow Directions 
 
The gradient of mean groundwater elevations calculated for the shallow monitoring wells 
indicate that shallow groundwater generally flows to the west as depicted in Figure 8. The 
highest mean groundwater elevation was measured in Monitoring Well MW-03 located on the 
northeastern boundary of the CDF adjacent to the Simpson Tacoma Kraft Mill property.  The 
lowest mean groundwater elevation was identified in Monitoring Well MW-10 located adjacent to 
the west central portion of the CDF and bordering the Middle Waterway.  The next lowest mean 
groundwater elevations were identified at Monitoring Wells MW-01 and MW-06.  The 
groundwater gradient resulting from the mean groundwater elevations in the shallow wells 
indicates that shallow groundwater flows towards and discharges to the St. Paul and Middle 
Waterways.  
 
The mean groundwater elevation in Monitoring Well MW-02 was approximately 0.6 feet higher 
than the mean groundwater elevations at the adjacent shallow monitoring well locations (MW-01 
and MW-06).  Monitoring Well MW-02 has a lower (i.e., slower) hydraulic conductivity in 
comparison to MW-01 and MW-06 and was observed to be less tidally responsive than adjacent 
shallow wells (Table 4).  More landmass is also present waterward of Monitoring Well MW-02 
than at adjacent Monitoring Wells MW-01 and MW-06.  The presence of greater landmass and 
the lower hydraulic conductivity at Monitoring Well MW-02 is likely why Monitoring Well MW-02 
has a higher mean groundwater elevation.  
 
The overall greatest horizontal groundwater gradients were identified in shallow groundwater.  
The largest difference in mean elevation (i.e., gradient) in shallow depth groundwater wells was 
between Monitoring Wells MW-03 and MW-10.  The mean groundwater elevation at shallow 
monitoring well MW-06 is approximately 1.5 feet lower than at Monitoring Well MW-03 over a 
distance of approximately 570 feet.  The change in elevation is equivalent to a horizontal 
groundwater gradient of 0.0027 ft/ft.  Similarly, the mean groundwater elevation at shallow 
monitoring well MW-10 is approximately 0.75 feet lower than at Monitoring Well MW-09 over a 
distance of approximately 490 feet which is equivalent to a horizontal groundwater gradient of 
0.0015 ft/ft.  A representative average gradient for shallow groundwater across the site is 
approximately 0.0021 ft/ft. 
 
Intermediate Monitoring Well Groundwater Gradients and Flow Direction 
 
Mean groundwater elevations calculated for the intermediate monitoring wells indicate that 
intermediate depth groundwater generally flows to the west as depicted in Figure 9.  The 
highest mean groundwater elevation was measured in Monitoring Well MW-14 located on the 
southeastern boundary of the CDF on the Simpson log storage property.  The mean 
groundwater elevation at the downgradient, intermediate Monitoring Wells MW-07 and MW-11 
is the same (i.e., 7.7 feet MLLW).  The groundwater gradient resulting from the mean 
groundwater elevations in the intermediate depth wells indicates that groundwater at the 
intermediate depth discharges to the Middle Waterway.  Less variation in the mean groundwater 
elevations was observed in the intermediate depth wells than the co-located shallow wells 
located on the west side of the CDF bordering the Middle Waterway (i.e., Monitoring Wells MW-
06 and MW-10).    
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Although exhibiting a similar flow direction, the horizontal groundwater gradients for the 
intermediate depth groundwater wells were marginally less than groundwater gradients in 
shallow depth wells.  The largest difference in mean elevation in intermediate depth 
groundwater wells was between Monitoring Wells MW-11 and MW-14.  The mean groundwater 
elevation at intermediate monitoring well MW-11 is approximately 1.4 feet lower than at 
Monitoring Well MW-14 over a distance of approximately 770 feet.  The change in elevation is 
equivalent to a horizontal groundwater gradient of 0.0018 ft/ft.  The average horizontal 
groundwater gradient for intermediate depth wells is 0.0014 ft/ft, which is less steep than the 
average horizontal groundwater gradient calculated for the shallow groundwater.   
 
Deep Monitoring Well Groundwater Gradient and Flow Direction 
 
The mean groundwater elevations calculated for the deep monitoring wells indicates the 
groundwater gradient at depth is relatively flat as depicted in Figure 10.  The highest mean 
groundwater elevation was measured in Monitoring Well MW-15 located on the southeastern 
boundary of the CDF on the Simpson log storage property.  The largest measured difference in 
mean groundwater elevations in deep wells is between Monitoring Wells MW-15 and MW-08 
and is 0.11 feet or approximately 1.3 inches over the distance of 1,270 feet.  The change in 
elevation between Monitoring Wells MW-15 and MW-08 is equivalent to a horizontal 
groundwater gradient of 0.0001 ft/ft.  Additionally, the mean groundwater elevations for 
Monitoring Wells MW-05, MW-08, and MW-12 are within 0.02 feet or less than one-quarter inch 
of each other and, therefore, are essentially the same.   
 
3.4.3 Vertical Groundwater Gradients and Flow Direction 
 
As stated above, Table 5 summarizes the mean vertical hydraulic gradients for the shallow to 
intermediate and intermediate to deep well depths for each of the three, three-well clusters at 
the St. Paul CDF (i.e., MW-06 through MW-08, MW-10 through MW-12, and MW-13 through 
MW-15).   
 
At the monitoring well clusters located downgradient of the CDF and adjacent to the Middle 
Waterway (i.e., MW-06 through MW-08 and MW-10 through MW-12), the mean groundwater 
gradients indicate that the vertical gradient is upward from the deep well depth toward the 
intermediate depth and downward from the shallow depth toward the intermediate depth.  The 
upward vertical gradient from the deep well depth toward the intermediate well depth bordering 
the Middle Waterway indicates that groundwater is not likely to transport contaminants into 
deeper deltaic marine sediment downgradient of the CDF.  Additionally, because both sets of 
gradients (i.e., shallow / intermediate and intermediate / deep) are toward the intermediate 
depth horizon, intermediate depth groundwater, downgradient of the dredged material recently 
placed in the CDF, has the potential to transport contamination.  
 
At the well cluster located upgradient of the CDF (i.e., Monitoring Wells MW-13 through MW-
15), the net vertical gradient is upward from the intermediate well depth toward the shallow well 
depth and downward from the intermediate well depth to the deep well depth.  The gradients 
observed in Monitoring Wells MW-13 through MW-15 may indicate that the vertical groundwater 
gradients reverse, as groundwater approaches Commencement Bay or that the presence of the 
CDF may cause vertical gradients to reverse as upgradient groundwater present in more 
conductive soil approaches the less conductive soil in the CDF.   
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3.4.4 Summary of Groundwater Elevations, Gradients and Flow Directions 
 
Mean groundwater elevations for shallow and intermediate depth monitoring wells show that 
groundwater flow is west toward the St. Paul and Middle Waterways.  The groundwater 
gradients for the shallow and intermediate depths were similar in magnitude and greater than 
the gradient for deep groundwater which is essentially flat.   
 
The vertical groundwater gradients at monitoring wells located downgradient of the CDF and 
adjacent to the Middle Waterway indicate that the vertical gradient is upward from the deep well 
depth toward the intermediate depth and downward from the shallow depth toward the 
intermediate depth.  The upward vertical gradient from the deep well depth toward the 
intermediate well depth adjacent to the Middle Waterway indicates that groundwater is not likely 
to transport contaminants into deeper deltaic marine sediment downgradient of the CDF.  
Additionally, because both sets of gradients (i.e., shallow / intermediate and intermediate / 
deep) are toward the intermediate depth horizon, intermediate depth groundwater has the 
potential to transport contamination from the dredged material recently placed in the CDF.  
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4.0 Conceptual Model for CDF Post-Construction Hydrogeologic 
Conditions 

 
As described in the previous sections, the hydraulic conductivities of the soil and fill at the CDF, 
groundwater response to tidal fluctuations, direction of groundwater flow, and hydraulic 
gradients influence potential contaminant transport and discharge to surface water.  The 
following sections summarize the conclusions for each of these parameters resulting from the 
post-construction investigation and evaluation hydrogeologic conditions at the St. Paul CDF.  
 
Hydraulic Conductivity 
 

 Information for hydraulic conductivities indicates that the silt and fine sand comprising 
the dredged fill material placed in the CDF has lower hydraulic conductivities than the 
materials surrounding the CDF which will reduce the hydraulic connection between 
groundwater within the CDF and groundwater and surface water surrounding the CDF 
and the potential transport of contaminants out of the dredged fill material. 

 
Groundwater Response to Tidal Fluctuations 
 

 Information from groundwater responses to tidal fluctuations corroborates the results of 
hydraulic conductivities and further indicates that the silt and fine sand comprising the 
dredged fill material placed in the CDF will reduce the hydraulic connection between 
groundwater within the CDF and groundwater and surface water surrounding the CDF 
and the potential transport of contaminants out of the dredged fill material. 

 
Groundwater Gradients and Flow Direction 
 

 The groundwater flow direction at the shallow and intermediate well depths is to the west 
and indicates that groundwater at these depths likely discharges to the St. Paul and 
Middle Waterways.   

 The average horizontal groundwater gradient for the shallow groundwater interval was 
slightly greater than that of the intermediate depth groundwater interval whereas the 
groundwater gradient for the deep monitoring well interval is relatively flat.  

 The vertical groundwater gradients at monitoring wells located west of the CDF (i.e., 
horizontally downgradient from the CDF) and adjacent to the Middle Waterway indicate 
that groundwater flows upward from the deep well depth toward the intermediate depth 
and downward from the shallow depth toward the intermediate depth.   

 
The hydrogeologic conditions identified during the post-construction investigation were similar to 
the findings of previous site investigations and the hydrogeologic conditions that were expected 
during design of the CDF as described in the OMMP.  Historical fill materials and deltaic and 
shallow marine deposits were observed in and adjacent to the CDF during previous site 
investigations.  Hydraulic conductivities previously reported ranged from 7x10-3 to 4x10-2 for 
historically placed fill and deltaic and shallow marine deposits which is within the range of 
hydraulic conductivities estimated for these materials as part of the post-construction 
hydrogeological investigation.  Additionally, although the horizontal groundwater gradient is 
reversed during flood tide, the net groundwater flow is toward the outer St. Paul and Middle 
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Waterways.  Finally, the vertical gradient is upward in the deeper deltaic and shallow marine 
deposits as was expected during design.   
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5.0 Potential for Contaminant Transport from Recently Placed 
Dredged Material in the CDF 

 
The objective of the CDF monitoring program is to protect water quality in adjacent surface 
water from migration of contaminants from the confined dredged material.  Contaminated 
sediment contained within the CDF is separated from direct contact with surface water by a 
containment berm across the St. Paul Waterway on the north, the St. Paul/Middle Waterway 
Peninsula on the west, the Simpson Tacoma Kraft property to the east, and the landmass 
comprising the Simpson log storage property to the south (Figure 2).  Commencement Bay, the 
outer St. Paul Waterway, Middle Waterway, and the Puyallup River are surface waters located 
in proximity to the CDF.   
 
The primary, potential mechanism for contaminant transport is groundwater flow through   
contaminated dredged material contained within the CDF and into adjacent surface water.  The 
monitoring program is designed to evaluate groundwater flow and quality in and around the 
CDF to ensure compliance with the performance criteria.  Identification of potential pathways for 
contaminant transport from the dredged material recently placed within the CDF to adjacent 
water bodies is key to determining the wells to be selected for establishing baseline 
groundwater quality conditions. 
 
Based on the findings of the hydrogeological investigation of the CDF and adjacent areas and 
the conceptual model for post-construction hydrogeologic conditions described in Section 4.0, 
the following conditions identify potential contaminant transport mechanisms. 
 

 Shallow groundwater, downgradient of the dredged sediment recently placed in the CDF 
is most likely to be impacted by saltwater washout effects and to transport contaminants 
from the CDF.  Modeling performed as part of the design, identified that contaminant 
release is most likely to occur where less-saline groundwater and stormwater infiltration 
come in contact with confined, contaminated dredged materials and then flows away 
from (i.e., downgradient from) the CDF.  Hydrogeological investigations indicate that 
shallow groundwater generally flows to the west toward the outer St. Paul and Middle 
Waterways. 

 Intermediate depth groundwater, downgradient of the CDF, also has the potential to 
transport contamination from the confined, contaminated dredged materials.  Evaluation 
of vertical groundwater gradients shows that shallow and deep groundwater flowing 
through the CDF converge at the intermediate depth horizon.  Therefore, groundwater 
from all depths that has been in contact with the contaminated dredged material has the 
potential to flow from the CDF within the intermediate depth horizon.  Hydrogeological 
investigations indicate that intermediate depth groundwater flows to the west toward the 
Middle Waterway. 
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Table 1 
Summary of Boring and Monitoring Well Completions

Northing Easting
MW 01 8/28/2006 ALK 061 709968.2 1161154.3 18.2 18.64 17.99 9.61 -0.39 Flush-Mount
MW 02 8/28/2006 ALK 060 709903.6 1160969.7 19.8 23.06 19.65 7.62 -2.38 Flush-Mount
MW 03 9/5/2006 ALK 072 709924.5 1161472.7 17.8 21.50 20.07 10.11 0.11 Stick-Up
MW 04 9/6/2006 ALK 073 709580.1 1161398.1 18.7 21.21 18.55 7.94 -2.06 Flush-Mount
MW 05 9/5/2006 ALK 071 709585.0 1161397.5 18.7 80.80 18.60 -41.87 -61.87 Flush-Mount
MW 06 8/30/2006 ALK 066 709667.0 1160956.3 18.3 22.10 21.08 9.21 -0.79 Stick-Up
MW 07 8/30/2006 ALK 067 709662.7 1160953.2 17.9 32.50 20.36 -1.68 -11.68 Stick-Up
MW 08 8/31/2006 ALK 068 709662.3 1160958.0 18.6 82.00 20.97 -40.71 -60.71 Stick-Up
MW 09 8/28/2006 ALK 062 709337.0 1161706.4 21.3 21.50 21.37 10.45 0.45 Flush-Mount
MW 10 8/30/2006 ALK 065 709151.3 1161258.3 18.5 20.00 18.41 8.92 -1.08 Flush-Mount
MW 11 8/29/2006 ALK 064 709155.4 1161255.5 18.6 30.00 18.39 -0.98 -10.98 Flush-Mount
MW 12 8/29/2006 ALK 063 709159.6 1161252.6 18.6 80.50 18.47 -41.33 -61.33 Flush-Mount
MW 13 9/6/2006 ALK 074 708941.4 1161990.5 20.4 21.00 20.16 9.92 -0.08 Flush-Mount
MW 14 9/1/2006 ALK 070 708944.7 1161994.3 20.5 30.00 20.13 0.68 -9.32 Flush-Mount
MW 15 9/1/2006 ALK 069 708948.2 1161998.5 20.6 91.50 20.28 -50.68 -70.68 Flush-Mount

Notes:
MLLW  Mean Lower Low Water

feet bgs  Feet below ground surface
1  Survey data provided in NAD 83-91 Horizontal Datum, Washington State Plane Coordinate system, South Zone, units of feet.
2  Wells were completed with protective casings that are either flush with the ground surface (i.e., flush mount) or that stick-up above the ground surface (i.e., stick-up).
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Table 2 
Summary of Monitoring Well Development Measurements and Observations

Depth to 
Water

Depth to 
Bottom of 

Well
Depth to 

Water

Depth to 
Bottom of 

Well

Fines 
Removed 

From Well1
Initial 

Tubidity
Final 

Tubidity
(ft TOC) (ft TOC) (ft TOC) (ft TOC) (ft) (gal) (gal) (GPM) (NTU) (NTU)

7.55 18.49 14:41 8.10 18.50 15:42 0.01 1.78 62.5 1.3 Fast 570 6 Lt. Brown Clear None None
9.33 22.11 13:20 10.12 22.25 16:54 0.14 2.11 52.0 0.5 Slow 200 12 Dk. Gray Clear Faint Marine None
9.78 18.42 17:13 9.92 20.18 18:55 1.76 1.70 57.0 0.6 Medium 470 20 Dk. Gray Lt. Yellow None None
8.04 19.69 11:12 12.13 20.81 16:56 1.12 2.08 26.5 0.2 Slow 150 40 Dk. Gray Clear None Faint
10.19 79.97 11:15 10.90 80.69 17:11 0.72 11.49 115.0 0.7 Fast 152 57 Dk. Gray Lt. Gray Strong Marine, H2S Moderate
14.02 21.86 9:21 12.48 22.09 10:46 0.23 1.32 62.0 0.8 Fast 43 14 Lt. Brown Clear None None
13.26 31.81 9:18 11.29 32.38 11:33 0.57 3.12 69.0 0.8 Fast 41 16 Gray Clear None None
11.94 79.92 14:39 12.45 81.90 16:10 1.98 11.40 75.0 1.0 Fast 350 35 Dk. Gray Clear None None
14.02 21.13 10:10 13.45 21.14 11:15 0.01 1.16 45.0 1.4 Fast 14 6 Lt. Brown Clear None None
9.46 19.03 15:36 9.55 19.83 13:06 0.80 1.69 57.0 0.6 Medium 92 11 Dk. Gray Clear None None
10.86 29.28 14.23 10.99 29.59 16.03 0.31 3.05 125.0 1.4 Fast >1,000 720 Dk. Gray Dk. Gray Strong Marine, H2S None
10.54 79.02 9:12 9.88 80.02 11:02 1.00 11.33 82.0 0.8 Fast 700 12 Dk. Gray Clear Faint Marine None
11.20 20.07 11:31 11.24 20.46 13:55 0.39 1.51 67.5 0.9 Fast 400 9 Dk. Gray Clear Faint Marine None
11.02 28.02 14:20 11.63 29.67 17:33 1.65 3.04 70.0 0.6 Medium 150 43 Dk. Gray Dk. Gray Faint Marine Faint2

11.86 89.73 12:40 11.42 91.18 15:02 1.45 12.93 90.0 0.9 Fast 102 15 Dk. Gray Lt. Yellow Faint Marine None

Notes:
ft Feet.

ft TOC Feet from top of casing.
gal Gallon.

GPM Gallons per miute.
NTU Nephlometric turbidity units.

1 Fines removed from the well is the difference between the depth to the bottom of the well pre-develoopment and depth to bottom of the the well post-development.
2 A faint organic sheen was observed.
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Table 3 
Summary of Slug Test Results

Soil / Sediment Type
 at Well Screen Interval 

Hydraulic 
Conductivity 

(ft/day)

Sand and Gravel 4.64x10-1 1.32x103

Silt and Fine Sand 1.25x10-2 3.55x101

Fine Sand 1.99x10-2 5.64x101

Silt and Fine Sand 4.08x10-4 1.16x100

Silt and Fine Sand 1.24x10-4 3.52x10-1

Silt and Fine to Medium Sand 1.10x10-1 3.10x102

Silt and Fine to Medium Sand 2.02x10-2 5.72x101

Silt and Fine to Medium Sand 2.87x10-2 8.15x101

Sand and Gravel 3.57x10-1 1.01x103

Silt and Fine Sand 6.96x10-2 1.97x102

3.76x10-2 1.06x102

2.84x10-2 8.04x101

Fine to Medium Sand 3.38x10-2 2 9.58x101

Fine to Coarse Sand  7.38x10-2 2.09x102

Silt and Fine to Medium Sand 5.02x10-4 1.42x100

6.54x10-4 1.85x100

6.53x10-4 1.85x100

Notes:
cm/sec centimeters per second.

ft/day feet per day. 
1

2

3

MW-113

Bouwer and Rice method (Bouwer and Rice 1976 and 1989) was used to calculate hydraulic conductivity except where 
noted otherwise.
High-K techniques developed by Butler, J. Jr., and Garnett, E.,  Kansas Geological Survey (Butler and Garnett, 2000) 
used to calculate hydraulic conductivity.
Replicate slug tests (i.e., a second complete test) were performed at Monitoring Wells MW-11 and MW-13 to provide a 
quality assurance / quality control check on slug test procedures and analysis.
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Table 4 
Summary of Groundwater and Surface Water Elevations

Lowest 
Measured 

Groundwater 
Elevation
(ft MLLW)

Highest 
Measured 

Groundwater 
Elevation
(ft MLLW)

Difference of 
Low/High 

Groundwater 
Elevations

(ft)

Tidal Lag 
Time 

(minutes)
Mean Elevation 

(ft MLLW)

Lowest Low 
Tide Elevation 
(10/4/06 9:00)

(ft MLLW)

Highest High 
Tide Elevation 
(10/5/06 15:30)

(ft MLLW)
Shallow Monitoring Wells

5.93 12.82 6.89 15 8.61 6.84 12.76
7.59 11.89 4.30 30 9.19 7.94 11.77
9.89 10.34 0.45 120 10.12 10.04 10.20
9.45 9.70 0.25 165 9.60 9.54 9.65
6.63 12.30 5.67 15 8.58 6.88 12.24
7.41 11.82 4.41 90 8.83 7.64 10.85
6.34 9.85 3.50 45 8.11 6.50 9.72
8.93 9.04 0.11 255 8.99 9.00 8.97

Intermediate Monitoring Wells
4.21 10.78 6.57 30 7.68 4.35 10.69
4.10 10.74 6.64 30 7.66 4.27 10.66
8.95 9.10 0.15 150 9.04 9.02 9.05

Deep Monitoring Wells
7.85 8.38 0.53 135 8.17 8.03 8.29
5.54 10.26 4.72 60 8.15 5.73 10.08
6.35 9.65 3.31 60 8.19 6.63 9.48
7.03 9.18 2.16 195 8.26 7.50 8.35

Surface Water Monitoring Locations
0.15 12.93 12.78 NA 7.15 0.15 12.93
7.47 11.83 4.36 90 8.87 7.68 10.91

Notes:
ft MLLW Feet Mean Low Low Water.

NA Not applicable.

Transducer 
Location

MW-01
MW-02
MW-03
MW-04
MW-06
MW-09
MW-10
MW-13

MW-07
MW-11
MW-14

Tide Gauge
Still Well

MW-05
MW-08
MW-12
MW-15



Table 5 
Vertical Hydraulic Gradients

MW-10/MW-11 MW-13/MW-14
0.045 -0.005

MW-11/MW-12 MW-14/MW-15
-0.012 0.014

Notes:
1

 Negative value indicates upward vertical gradient.
 Positive value indicates downward vertical gradient.

Gradient from Shallow to Intermediate Depth1

-0.011

 Units are in feet/feet corresponding to the change in groundwater elevation relative to the
 change in the screened depth.

MW-06/MW-07
0.083

Gradient from Intermediate to Deep Depth1

MW-07/MW-08
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1. All locations are approximate.  
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Figure 7
Hydraulic Conductivity Values
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Attachment A-1 
 

Boring / Monitoring Well Logs 
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Attachment A-2 
 

Monitoring Well Completion Photographs 
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Monitoring Well MW-01 in Containment Berm    - Photograph looking east
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Monitoring Well MW-02 in St. Paul/Middle Waterway Peninsula    - Photograph looking north
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Monitoring Well MW-03 Adjacent to Simpson Tacoma Kraft Mill    - Photograph looking north
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Monitoring Wells MW-04 and MW-05 in CDF    - Photograph looking east
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Monitoring Wells MW-06, MW-07, and MW-08 in St. Paul/Middle Waterway Peninsula    - Photograph looking west
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Monitoring Well MW-09 in Offset Berm    - Photograph looking north
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Monitoring Wells MW-13, MW-14, and MW-15 in Simpson Log Storage Property    - Photograph looking south
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Attachment B-1 
 

Slug Test Data 
 

Note:  The slug test data is provided on enclosed CD. 
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Bouwer and Rice Hydraulic Conductivity Method and Results 
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The Bouwer and Rice Method for Estimating Saturated Hydraulic Conductivity (K) of 
Aquifer Materials  
 
The method of Bouwer and Rice (1976) for analyzing slug test data is commonly used to 
estimate saturated hydraulic conductivity (K) of aquifer materials.  A mathematical solution by 
Bouwer and Rice (1976) is used to determine the hydraulic conductivity.  Application of the 
Bouwer and Rice method to determine hydraulic conductivity involves calculating the slope of a 
straight line fit to the head response data collected during a slug test on a semi-log plot of 
normalized head vs. time.  The line is fit to a segment of the data that is deemed to be 
representative of the undisturbed aquifer response. 
 
The analytical solution of the mathematical model describing the Bouwer and Rice method 
(Bouwer 1989) can be written as: 
 

( )
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wec

y
y

tL
rRr
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where: 
 
K = hydraulic conductivity; 
 
rc=  radius of the well casing; 
 
Le= effective screen length; 
 
t =  time; 
 
y = normalized head; 
 
y0 = y at time zero; and 
 
yt = y at time t. 
 
The parameter Re/rw (effective radial distance over which y is dissipated, divided by the radial 
distance of well development) may be determined by one of two analytical solutions.  Selection 
of the correct solution is dependant on whether the well fully penetrates the water-bearing 
formation. 
 
The solution of a fully penetrating well is: 
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While the solution of a partially penetrating well is: 
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where: 
 
Lw= depth of the well; 
 
H = Saturated thickness above confining layer; and 
 

A, B, and C = dimensionless empirical parameters that are a function of 
w

e

r
L

 and are used for 

calculation of ln(
w

e

r
R

).   

 
The wells were considered to be partially penetrating because observations during coring and 
well installation did not identify the presence of discrete water bearing zones of limited vertical 
extent in any of the wells locations.  Consequently, the wells were evaluated using the partially 
penetrating solution provided above. 
 
An illustration of parameters A, B, and C is presented in Bouwer (1989).  The values for these 
dimensionless parameters for monitoring wells MW-01 through MW-11 and MW-13 through 
MW-15 were calculated using a polynomial fit reported by Van Rooy (1988) and Boak (1991).   
 
Table 1 presents the applicable well construction details and method parameters, as well as the 
resulting calculated hydraulic conductivities.   
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Table 1
Slug Test Results Using Bouwer and Rice Method

Monitoring Well ID
Well Details and Method Parameters
Well Depth in Feet 18.5 22.25 20.18 20.81 80.69 22.09 32.38 81.9 21.14 19.83 29.59 29.59 20.46 29.67 91.18 91.18
Screen Length in Feet 10.0 10.0 10.0 10.0 20.0 10.0 10.0 20.0 10.0 10.0 10.0 10.0 10.0 10.0 20.0 20.0
Depth to Screen in Feet 8.38 12.03 9.83 10.61 60.47 11.87 22.04 61.68 10.92 9.49 19.37 19.37 10.24 19.45 70.96 70.96
Depth to Aquitard in Feet 30.0 30.0 21.5 33.0 100.0 26.0 35.0 82.0 50.0 28.0 30.0 30.0 27.7 30.0 100.0 100.0
Depth to Water in Feet 9.78 10.90 10.04 8.78 10.44 11.60 12.46 12.54 11.00 9.45 9.08 9.14 11.15 11.01 11.48 11.48
Depth to Sandpack in Feet 8.4 9.5 7.3 7.5 57.5 9.4 19.0 58.7 8.4 7.0 16.4 16.4 7.2 16.5 68.0 68.0
Slug Displacement (Ho) in Feet 0.97 2.68 3.86 4.74 3.49 2.33 1.28 2.78 0.36 2.43 2.30 2.05 2.92 3.91 4.10 3.35
Porosity (n) 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45 0.45
Radius of Casing (rc) in Feet 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083 0.083
Radius of Borehole (rw) in Feet 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400 0.400
Saturated Aquifer Thickness (H) in Feet 20.22 19.10 11.46 24.22 89.56 14.40 22.54 69.46 39.00 18.55 20.92 20.86 16.59 18.99 88.52 88.52
Saturated Well Thickness (Lw) in Feet 8.60 11.13 9.79 11.83 70.03 10.27 19.58 69.14 9.92 10.04 20.29 20.23 9.09 18.44 79.48 79.48
Effective Radius (reff) in Feet 0.275 0.275 0.275 0.275 0.083 0.275 0.083 0.083 0.275 0.275 0.083 0.083 0.275 0.083 0.083 0.083
Effective Screen Length (Le) in Feet 8.6 10.0 9.8 10.0 20.0 10.0 10.0 20.0 9.9 10.0 10.0 10.0 9.1 10.0 20.0 20.0

Fully Submerged Sandpack No No No No Yes No Yes Yes No No Yes Yes No Yes Yes Yes
Transiently Exposed Sandpack Yes Yes Yes Yes No Yes No No Yes Yes No No Yes No No No
Transiently Exposed Screen Yes Yes Yes Yes No Yes No No Yes Yes No No Yes No No No
Partially Submerged Screen Yes No Yes No No No No No Yes No No No Yes No No No

Normalized Head at t1 (y1) in Feet 1.5602 0.4600 0.5023 0.4450 0.5582 0.7643 1.0644 4.3738 1.1411 0.7488 0.9965 0.9966 0.5943 0.5796 0.5458 0.6638
Time - t1 in Seconds 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Normalized Head at t2 (y2) in Feet 2.33E-232 1.19E-07 5.00E-11 2.71E-01 6.23E-02 3.4769E-58 1.10E-100 1.05E-184 1.03E-199 2.51E-38 4.41E-173 5.26E-131 1.95E-38 2.72E-03 8.37E-06 1.03E-05
Time - t2 in Seconds 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300 300
Le/rw 21.5 25 24.475 25 50 25 25 50 24.8 25 25 25 22.725 25 50 50
Coefficient A a 2.2 2.3 2.3 2.3 3.0 2.3 2.3 3.0 2.3 2.3 2.3 2.3 2.2 2.3 3.0 3.0
Coefficient B a 0.3 0.4 0.4 0.4 0.5 0.4 0.4 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.5 0.5
Coefficient C a 1.6 1.8 1.7 1.8 2.6 1.8 1.8 2.6 1.7 1.8 1.8 1.8 1.7 1.8 2.6 2.6

Partially Penetrating Well
ln(Re/rw) b 1.942 2.145 2.197 2.142 3.207 2.153 2.485 3.832 2.008 2.094 2.682 2.681 2.018 2.655 3.344 3.344
K in cm/sec 4.6E-01 1.3E-02 2.0E-02 4.1E-04 1.2E-04 1.1E-01 2.0E-02 2.9E-02 3.6E-01 7.0E-02 3.8E-02 2.8E-02 7.4E-02 5.0E-04 6.5E-04 6.5E-04

Fully Penetrating Well
ln(Re/rw) b 2.304 2.494 2.410 2.532 3.760 2.444 2.834 3.753 2.421 2.430 2.854 2.853 2.349 2.798 3.833 3.833
K in cm/sec 5.5E-01 1.5E-02 2.2E-02 4.8E-04 1.5E-04 1.2E-01 2.3E-02 2.8E-02 4.3E-01 8.1E-02 4.0E-02 3.0E-02 8.6E-02 5.3E-04 7.5E-04 7.5E-04

Shallow well
Intermediate depth well
Deep well

MW-7 MW-10 MW-11
MW-11

(QA-QC)MW-6MW-5 MW-8 MW-9MW-1 MW-2 MW-3 MW-4 MW-13 MW-14 MW-15
MW-15 

(QA/QC)

b  Re/rw is the effective radial distance over which y is dissipated, divided by the radial distance of well development.

Notes:
Bold values are entered manually and other values are calculated.
All depths are below measuring point and not below the ground surface
a  A, B, and C coefficients are calculated using regression equations of Van Rooy (1988).

Z:\OMMP\Hydrogeological Conditions Report\Appendix B\
Bouwer and Rice Parameters and Results.xls Page 1 of 1 1/8/2007



   
 

Post-Construction Hydrogeologic Conditions Report 112206.doc 
 

 
 
 
 
 

Attachment B-3 
 

Butler Hydraulic Conductivity Method and Results 
 
 



  
 

Page 1 of 3

The Butler Method for Analysis of Slug Tests in Formations of High Hydraulic 
Conductivity 
 
Slug tests in formations of high hydraulic conductivity (K) are often affected by mechanisms that 
are ignored in models developed for tests in less permeable formations.  In situations where 
oscillatory data patterns are evident, graphical matching of theoretical type curves to plots of 
slug test response data enable estimation of hydraulic conductivity.  
 
The method developed by Butler and Garnett (2000) is summarized below: 
 

1. Pressure transducer readings are plotted versus the time since some arbitrary starting 
point.  The time at which the test began and the pressure head corresponding to static 
conditions are identified from this plot.  The static pressure head and the test start time 
are then subtracted from the head and time records respectively, to obtain a plot of the 
deviation of pressure head from static conditions (designated as H(t)) versus the time 
since test initiation.  The deviation data are normalized using the change in water level 
(H0) that initiated the test.   

 
2. A graph of theoretical type curves is prepared.  These type curves are in the form of 

plots of the normalized deviation of the water level from static conditions versus 
dimensionless time.  The type curves are generated using the following equations: 
 

Wd(td) = e 2
DC−

Dt ⎥
⎦

⎤
⎢
⎣

⎡
+ )sin(

2
)cos( dd

d

D
dd t

C
t ω

ω
ω , CD < 2 (1) 

 
Wd(td) = e (1 + td), CD = 2     (2) dt−

 

Wd(td) = - ⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
− −+

dd ωω
1 [ ]dddd t

d
t

d ee
−+ +− − ωω ωω , CD > 2  (3) 

 
Where: 
 
CD = dimensionless damping parameter; 
 
g = gravitational acceleration; 
 
H0 = change in water level initiating a slug test (initial displacement); 
 
Le = effective length of water column inwell; 
 
td = dimensionless time parameter,  (g/Le)1/2t 
 
t = time; 
 
w = deviation of water level from static level in well; 
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wd = normalized water level deviation (w/H0); 
 

dω  = dimensionless frequency parameter ( )2/12 |)2/(1| DC−= ; 
 

±
dω  = - d

DC
ω±

2
; 

 
3. The type curves are superimposed on a plot of the test data.  The dimensionless time 

axis is expanded or contracted until a reasonable match is obtained between a CD type 
curve and the test data.  Match points are then determined by reading the corresponding 
times from the real (t*) and dimensionless (td*) time axes. 

 
4. The radial hydraulic conductivity (Kr) is estimated by substituting the well construction 

parameters, the CD value, and the match-point ratio (td*/t*) into the appropriate equation: 
 
Unconfined – High-K Bouwer and Rice Model  
 

 Kr = 
[ ]

D

wecd

bCt
rRrt

2
/ln

*

2*

     (4) 

 
Confined – High-K Horslev Model  
 

 Kr = 
[ ]

D

wwcd

bCt
rbrbrt

2
)))2/((1()2/(ln

*

5.022* ++
  (5) 

 
where: 
 
b = screen length; 
 
Re = effective radius parameter of Bouwer and Rice (1976); 
 
rc = effective radius of well casing (corrected for radius of transducer cable); 
 
rw = radius of well screen or borehole. 

 
No aquitard was observed to be present along the vertical section of sediments encountered 
throughout the screened interval of Monitoring Well MW-12 during installation of the well.  Thus, 
the hydraulic conductivity for Monitoring Well MW-12 was evaluated using the unconfined case 
represented by equation (4).  
 
The definition of dimensionless time following equation (3) includes a parameter 
designated as the effective length of the water column (Le).  Le is calculated as part of 
the analysis process using the following equation: 
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 Le = g
t
t

d

2

*

*

⎟⎟
⎠

⎞
⎜⎜
⎝

⎛
       (6) 

 
Table 1 presents the applicable well construction details and method parameters, as well as the 
resulting calculated hydraulic conductivity for Monitoring Well MW-12.   
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Table 1
Slug Test Results Using Butler Method

Test Well Specs - "d" not used in confined case
Depth to Bottom of Screen (from toc): 80.02 ft Best Fit Confined - High-K Hvorslev Model
Screen Length (b):                                 20 ft Time    Type Curve
Depth to Static Water Level (from toc):                9.5 ft Correlation Ratio CD  Kr = td* rc^2 ln[b/(2rw*)+(1+(b/(2rw*))^2)^0.5]

Top of Screen to Water Table (d):                        50.3 ft td*/t* 0.545  t*       2bCD

Radius of Well Screen (r w):                                  0.083 ft 0.784
Nominal Radius of Well Casing (r nc):                   0.083 ft Bracketted quantity 240.968
Radius of Transducer Cable (rtc):                 0.010 ft computed from ratio Le = 52.35 ft
Effective Casing Radius (rc = (rnc^2-rtc^2)^0.5):    0.083 ft nominal Le = 60.52 ft Kr = 1.35E-03 ft/sec
Modified Screen Radius (rw*):                 0.083 ft % difference 14% 1.17E+02 ft/day 3.55E+01 m/day
Aspect Ratio (b/rw*):                                     240.964 4.11E-02 cm/sec
Formation Thickness (B):                                 100 ft

Modulation Factor = 1.275 Unconfined - High-K Bouwer and Rice Model
(frequency)

Kr =  td* rc^2 ln[Re/rw*]
Test Deviation Test Normalized Dimensionless CD = Adjusted  t*       2bCD 

Time From Static Time Head Time 0.545 Time
0 -2.134 0 1.000 0 1 0 ln(Re/rw*)= 4.498 A  = 6.496

0.5 -1.527 0.5 0.716 0.1 0.995094 0.1275 B  = 1.319
1 -1.665 1 0.780 0.2 0.980771 0.2550 first term 1.1/(ln((d+b)/rw*)

1.5 -1.038 1.5 0.486 0.3 0.957671 0.3825 0.163
2 -0.465 2 0.218 0.4 0.926483 0.5100 second term (A +B *(ln[(B-(d+b))/rw*]))/(b/rw*)

2.5 0.043 2.5 -0.020 0.5 0.88794 0.6375 0.059
3 0.415 3 -0.194 0.6 0.842807 0.7650 ln[(B-(d+b))/rw*] 5.880 5.880

3.5 0.681 3.5 -0.319 0.7 0.791873 0.8925 Cannot exceed 6.
4 0.787 4 -0.369 0.8 0.735939 1.0200 See Butler (1997) - p.108.

4.5 0.745 4.5 -0.349 0.9 0.675816 1.1475
5 0.626 5 -0.293 1 0.61231 1.2750 Kr = 1.11E-03 ft/sec

5.5 0.424 5.5 -0.199 1.1 0.546218 1.4025 9.56E+01 ft/day 2.91E+01 m/day
6 0.197 6 -0.092 1.2 0.478321 1.5300 3.38E-02 cm/sec

6.5 -0.022 6.5 0.010 1.3 0.409373 1.6575
7 -0.202 7 0.095 1.4 0.340101 1.7850

7.5 -0.335 7.5 0.157 1.5 0.271197 1.9125 A = 1.4720+3.537E-2(b/rw*)-8.148E-5(b/rw*)^2+1.028E-7(b/rw*)^3-6.484E-11(b/rw*)^4+1.573E-14(b/rw*)^5
8 -0.400 8 0.187 1.6 0.20331 2.0400 B = 0.2372+5.151E-3(b/rw*)-2.682E-6(b/rw*)^2-3.491E-10(b/rw*)^3+4.738E-13(b/rw*)^4

8.5 -0.409 8.5 0.192 1.7 0.137047 2.1675
9 -0.370 9 0.173 1.8 0.072966 2.2950

9.5 -0.294 9.5 0.138 1.9 0.011574 2.4225
10 -0.204 10 0.096 2 -0.046673 2.5500

10.5 -0.112 10.5 0.052 2.1 -0.101378 2.6775
11 -0.025 11 0.012 2.2 -0.152195 2.8050

11.5 0.042 11.5 -0.020 2.3 -0.198837 2.9325
12 0.081 12 -0.038 2.4 -0.241071 3.0600

12.5 0.094 12.5 -0.044 2.5 -0.27872 3.1875
13 0.093 13 -0.044 2.6 -0.311663 3.3150

13.5 0.070 13.5 -0.033 2.7 -0.339827 3.4425
14 0.036 14 -0.017 2.8 -0.363193 3.5700

14.5 -0.003 14.5 0.001 2.9 -0.381788 3.6975
15 -0.041 15 0.019 3 -0.395684 3.8250

15.5 -0.074 15.5 0.035 3.1 -0.404995 3.9525
16 -0.094 16 0.044 3.2 -0.409874 4.0800

16.5 -0.104 16.5 0.049 3.3 -0.410508 4.2075
17 -0.106 17 0.050 3.4 -0.407117 4.3350

17.5 -0.096 17.5 0.045 3.5 -0.399947 4.4625
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Table 1
Slug Test Results Using Butler Method

18 -0.084 18 0.039 3.6 -0.389268 4.5900
18.5 -0.068 18.5 0.032 3.7 -0.37537 4.7175
19 -0.056 19 0.026 3.8 -0.358559 4.8450

19.5 -0.041 19.5 0.019 3.9 -0.339153 4.9725
20 -0.025 20 0.012 4 -0.317478 5.1000

20.5 -0.022 20.5 0.010 4.1 -0.293866 5.2275
21 -0.016 21 0.007 4.2 -0.268648 5.3550

21.5 -0.020 21.5 0.009 4.3 -0.242156 5.4825
22 -0.023 22 0.011 4.4 -0.214714 5.6100

22.5 -0.026 22.5 0.012 4.5 -0.18664 5.7375
23 -0.036 23 0.017 4.6 -0.158239 5.8650

23.5 -0.038 23.5 0.018 4.7 -0.129807 5.9925
24 -0.045 24 0.021 4.8 -0.10162 6.1200

24.5 -0.048 24.5 0.022 4.9 -0.07394 6.2475
25 -0.049 25 0.023 5 -0.04701 6.3750

25.5 -0.051 25.5 0.024 5.1 -0.02105 6.5025
26 -0.051 26 0.024 5.2 0.003737 6.6300

26.5 -0.050 26.5 0.023 5.3 0.027173 6.7575
27 -0.046 27 0.022 5.4 0.049102 6.8850

27.5 -0.042 27.5 0.020 5.5 0.06939 7.0125
28 -0.038 28 0.018 5.6 0.087927 7.1400

28.5 -0.042 28.5 0.020 5.7 0.104626 7.2675
29 -0.034 29 0.016 5.8 0.119422 7.3950

29.5 -0.036 29.5 0.017 5.9 0.132272 7.5225
30 -0.033 30 0.015 6 0.143153 7.6500

30.5 -0.039 30.5 0.018 6.1 0.152066 7.7775
31 -0.037 31 0.017 6.2 0.159027 7.9050

31.5 -0.038 31.5 0.018 6.3 0.164073 8.0325
32 -0.038 32 0.018 6.4 0.167255 8.1600

32.5 -0.039 32.5 0.018 6.5 0.168642 8.2875
33 -0.044 33 0.021 6.6 0.168316 8.4150

33.5 -0.038 33.5 0.018 6.7 0.16637 8.5425
34 -0.042 34 0.020 6.8 0.16291 8.6700

34.5 -0.041 34.5 0.019 6.9 0.158049 8.7975
35 -0.041 35 0.019 7 0.151909 8.9250

35.5 -0.038 35.5 0.018 7.1 0.144617 9.0525
36 -0.039 36 0.018 7.2 0.136306 9.1800

36.5 -0.038 36.5 0.018 7.3 0.12711 9.3075
37 -0.038 37 0.018 7.4 0.117166 9.4350

37.5 -0.037 37.5 0.017 7.5 0.10661 9.5625
38 -0.037 38 0.017 7.6 0.095577 9.6900

38.5 -0.038 38.5 0.018 7.7 0.0842 9.8175
39 -0.038 39 0.018 7.8 0.072608 9.9450

39.5 -0.040 39.5 0.019 7.9 0.060924 10.0725
40 -0.037 40 0.017 8 0.049268 10.2000

40.5 -0.041 40.5 0.019 8.1 0.037751 10.3275
41 -0.040 41 0.019 8.2 0.026478 10.4550

41.5 -0.037 41.5 0.017 8.3 0.015545 10.5825
42 -0.040 42 0.019 8.4 0.005041 10.7100

42.5 -0.041 42.5 0.019 8.5 -0.004955 10.8375
43 -0.042 43 0.020 8.6 -0.014373 10.9650

43.5 -0.036 43.5 0.017 8.7 -0.023151 11.0925
44 -0.040 44 0.019 8.8 -0.031239 11.2200

44.5 -0.035 44.5 0.016 8.9 -0.038594 11.3475
45 -0.041 45 0.019 9 -0.045183 11.4750

45.5 -0.039 45.5 0.018 9.1 -0.050983 11.6025
46 -0.041 46 0.019 9.2 -0.055981 11.7300

46.5 -0.039 46.5 0.018 9.3 -0.060168 11.8575
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Table 1
Slug Test Results Using Butler Method

47 -0.039 47 0.018 9.4 -0.063549 11.9850
47.5 -0.040 47.5 0.019 9.5 -0.066132 12.1125
48 -0.040 48 0.019 9.6 -0.067935 12.2400

48.5 -0.039 48.5 0.018 9.7 -0.068982 12.3675
49 -0.036 49 0.017 9.8 -0.069302 12.4950

49.5 -0.025 49.5 0.012 9.9 -0.068932 12.6225
50 -0.039 50 0.018 10 -0.067911 12.7500

50.5 -0.039 50.5 0.018 10.1 -0.066283 12.8775
51 -0.040 51 0.019 10.2 -0.064098 13.0050

51.5 -0.038 51.5 0.018 10.3 -0.061405 13.1325
52 -0.039 52 0.018 10.4 -0.058258 13.2600

52.5 -0.040 52.5 0.019 10.5 -0.054711 13.3875
53 -0.038 53 0.018 10.6 -0.05082 13.5150

53.5 -0.037 53.5 0.017 10.7 -0.046642 13.6425
54 -0.040 54 0.019 10.8 -0.042231 13.7700

54.5 -0.037 54.5 0.017 10.9 -0.037644 13.8975
55 -0.039 55 0.018 11 -0.032934 14.0250

55.5 -0.037 55.5 0.017 11.1 -0.028154 14.1525
56 -0.037 56 0.017 11.2 -0.023353 14.2800

56.5 -0.038 56.5 0.018 11.3 -0.01858 14.4075
57 -0.037 57 0.017 11.4 -0.01388 14.5350

57.5 -0.038 57.5 0.018 11.5 -0.009294 14.6625
58 -0.037 58 0.017 11.6 -0.00486 14.7900

58.5 -0.040 58.5 0.019 11.7 -0.000615 14.9175
59 -0.038 59 0.018 11.8 0.003411 15.0450

59.5 -0.038 59.5 0.018 11.9 0.007191 15.1725
60 -0.038 60 0.018 12 0.0107 15.3000

60.5 -0.037 60.5 0.017 12.1 0.013919 15.4275
61 -0.037 61 0.017 12.2 0.016832 15.5550

61.5 -0.037 61.5 0.017 12.3 0.019426 15.6825
62 -0.036 62 0.017 12.4 0.021695 15.8100

62.5 -0.036 62.5 0.017 12.5 0.023631 15.9375
63 -0.037 63 0.017 12.6 0.025236 16.0650

63.5 -0.039 63.5 0.018 12.7 0.02651 16.1925
64 -0.036 64 0.017 12.8 0.027458 16.3200

64.5 -0.038 64.5 0.018 12.9 0.028089 16.4475
65 -0.032 65 0.015 13 0.028414 16.5750

65.5 -0.040 65.5 0.019 13.1 0.028445 16.7025
66 -0.034 66 0.016 13.2 0.028197 16.8300

66.5 -0.039 66.5 0.018 13.3 0.027689 16.9575
67 -0.037 67 0.017 13.4 0.026939 17.0850

67.5 -0.038 67.5 0.018 13.5 0.025966 17.2125
68 -0.037 68 0.017 13.6 0.024792 17.3400

68.5 -0.036 68.5 0.017 13.7 0.02344 17.4675
69 -0.039 69 0.018 13.8 0.021931 17.5950

69.5 -0.035 69.5 0.016 13.9 0.020289 17.7225
70 -0.035 70 0.016 14 0.018537 17.8500

70.5 -0.034 70.5 0.016 14.1 0.016697 17.9775
71 -0.038 71 0.018 14.2 0.014793 18.1050
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Slug Test Hydrographs and Hydraulic Conductivity Plots 
 
 



Slug Test Analysis for Well MW-01 
St. Paul CDF 
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Slug Test Analysis for Well MW-02 
St. Paul CDF 
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Slug Test Analysis for Well MW-03 
St. Paul CDF 
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Slug Test Analysis for Well MW-04 
St. Paul CDF 
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Slug Test Analysis for Well MW-05 
St. Paul CDF 
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Slug Test Analysis for Well MW-06 
St. Paul CDF 
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Slug Test Analysis for Well MW-07 
St. Paul CDF 
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Slug Test Analysis for Well MW-08 
St. Paul CDF 
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Slug Test Analysis for Well MW-09 
St. Paul CDF 
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Slug Test Analysis for Well MW-10 
St. Paul CDF 
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Slug Test Analysis for Well MW-11 
St. Paul CDF 
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Slug Test Analysis for Well MW-11 (QA-QC) 
St. Paul CDF 
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Slug Test Analysis for Well MW-12 
St. Paul CDF 
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Slug Test Analysis for Well MW-13 
St. Paul CDF 
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Slug Test Analysis for Well MW-14 
St. Paul CDF 
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Slug Test Analysis for Well MW-15 
St. Paul CDF 
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Slug Test Analysis for Well MW-15 (QA-QC) 
St. Paul CDF 
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TIDAL STUDY TEST DATA, METHODOLOGY, AND RESULTS 
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Attachment C-1 
 

Tidal Study Data 
 
 

Note:  The tidal study data is provided on the CD in Attachment B-1. 
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Tidal Study Methodology 
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Tidal Study Analysis Methods 
 
A 72-hour tidal study was completed to assess tidal effects on groundwater levels in the 15 
monitoring wells installed in and around the St. Paul Waterway Confined Disposal Facility 
(CDF).  The tidal study was performed on October 3 through October 6, 2006.  Groundwater 
levels were recorded at 15-minute intervals at each well location and surface water levels were 
monitored and recorded at a tide gauge established in the Middle Waterway and a still well 
established in the surface water swale located on the eastern boundary of the CDF using a 
network of pressure transducers and data loggers. The data loggers within the transducers 
recorded the water level in each monitoring well and surface water monitoring location every 15 
minutes from 10:30 on October 3 to 10:30 on October 6 resulting in 288 measurements of the 
elevation of the water surface at each location.    
 
The pressure transducers used in the tidal study measure and record the pressure resulting 
from the weight of the column of water (i.e., hydraulic head) above the transducer.  The data 
loggers within the pressure transducers record the changes in pressure that are the result of the 
change in the weight of the water column over time, in response to tidal fluctuations.  The 
internal data loggers are programmed to automatically convert the pressure readings (i.e., 
weight of the water column) to the height of the water column, in feet, above the transducer.   
 
Measurement of the depth to the water surface from the surveyed top of the well casing, for 
groundwater wells, and top of the surveyed still well casing and tide gauge, for surface water 
monitoring locations, were performed four or five times at each location and used to convert the 
relative measurements recorded by the transducers to elevations in feet Mean Low Low Water 
(MLLW).  The depth to the surface of the water (i.e., groundwater and surface water) were 
measured manually using a water level indicator.  The height of the water column being read by 
the transducer was recorded concurrently with the depth to the surface of the water and was 
used to correlate the measurement of the height of the water column to elevation at the surface 
of the water in feet MLLW.  The water level measurements and the average and standard 
deviation of the differences in measurements are presented in Table 1.   
 
For an unknown reason, all of the transducers recorded multiple water elevations for the same 
time intervals for times between 2:00 and 2:45 on October 5, 2006. The duplication was 
repeated in every transducer, and is likely a programming error in the software used to transfer 
the data from the transducer to an electronic file for data evaluation.  However, the 
measurement duplication does not impact the trends observed in the groundwater levels and 
the overall mean groundwater elevation.   
 
Mean groundwater and surface water elevations were calculated using the method described by 
Serfes (1991).  This method uses the 72-hour set of hourly observed water level elevations and 
filters out the dominant tidal fluctuations to determine a mean water level elevation.  To 
calculate a mean groundwater elevation, a sequence of 48 means is calculated from the hourly 
groundwater elevations using moving averages.  A second sequence of 25 means is calculated 
from the first series of means using the same moving average method.  The mean of the 
second set of sequence of moving averages is then calculated yielding the overall mean water 
level elevation.   
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The method is performed mathematically by designating the consecutive hourly water levels as 
O(1), O(2), O(3).....,O(71), then calculating the first sequence of moving means (Xi) with the 
following formula: 
 

∑
+

=
=

23

0K
i 24

i)O(K
Χ  where i = 1,2,3,...48; 

 
and then the second sequence of moving means (Yj) is the calculated with the following formula 
and the first series of moving means: 
 

∑
+

=
=

23

0i
i 24

j)Χ(iY  where j = 1,2,3,..25. 

 
Finally, the mean groundwater elevation (M) is calculated as the arithmetic mean of the second 
sequence of moving means: 
 

M = ∑
=

23

1j 25
Υj

 

 
The mean water level elevations were used to identify groundwater gradients and flow 
directions in and adjacent to the St. Paul CDF. 
 
References: 
 
Serfes, M.E.  1991.  Determining the Mean Hydraulic Gradient of Ground Water Affected by 
Tidal Fluctuations.  Ground Water 29(4): 549-555. 
 
 

 



Table 1
Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Mean 
Transducer 
Elevation 

Standard 
Deviation

(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)
10/2/2006 17:58 7.88 10.65 -0.54
10/3/2006 11:17 11.98 6.44 -0.43
10/4/2006 15:28 7.57 11.04 -0.62
10/5/2006 15:56 6.28 12.35 -0.64
10/6/2006 12:48 11.23 7.13 -0.37
10/2/2006 17:07 9.13 13.12 -2.60
10/3/2006 11:21 12.05 10.13 -2.53
10/4/2006 15:22 9.13 13.12 -2.60
10/5/2006 15:59 8.30 13.89 -2.54
10/6/2006 12:40 11.54 10.57 -2.46
10/2/2006 13:59 10.00 9.94 0.13
10/3/2006 12:15 10.11 9.94 0.02
10/4/2006 16:18 9.99 10.07 0.01
10/5/2006 16:46 9.85 10.19 0.03
10/6/2006 14:17 9.94 10.10 0.03
10/2/2006 17:43 8.83 11.97 -2.26
10/3/2006 11:12 9.11 11.69 -2.25
10/4/2006 15:32 9.04 11.78 -2.27
10/5/2006 16:10 8.91 11.89 -2.25
10/6/2006 12:57 9.00 11.78 -2.23
10/2/2006 17:49 10.34 23.46 -15.20
10/3/2006 11:09 10.75 23.06 -15.21
10/4/2006 15:33 10.54 23.31 -15.25
10/5/2006 16:12 10.39 23.47 -15.26
10/6/2006 13:01 10.60 23.20 -15.20
10/2/2006 16:25 10.11 12.06 -1.10
10/3/2006 11:31 14.79 7.77 -1.48
10/4/2006 15:14 10.17 12.07 -1.16
10/5/2006 16:02 9.14 13.07 -1.13
10/6/2006 12:33 13.90 7.98 -0.80

0.01

0.04

0.05

0.11

0.22

0.03-15.22

-1.14

Measurement Statistics

-0.52

-2.55

0.04

-2.25

Height of Water 
Above 

Transducer 

Calculated 
Transducer 
Elevation1

Transducer 
Location

Top of Casing 
Elevation 

Depth to 
Water 

Surface    

Measurement 
Timing

MW-06

21.08

MW-04

18.55

MW-05

18.60

MW-01

17.99

MW-02

19.65

MW-03

20.07
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Table 1
Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Mean 
Transducer 
Elevation 

Standard 
Deviation

(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)

Measurement StatisticsHeight of Water 
Above 

Transducer 

Calculated 
Transducer 
Elevation1

Transducer 
Location

Top of Casing 
Elevation 

Depth to 
Water 

Surface    

Measurement 
Timing

10/2/2006 16:30 10.37 22.14 -12.15
10/3/2006 11:35 14.39 18.04 -12.07
10/4/2006 15:18 10.56 21.99 -12.19
10/5/2006 16:05 9.93 22.59 -12.16
10/6/2006 12:25 14.91 17.54 -12.09
10/2/2006 16:36 11.17 27.22 -17.42
10/3/2006 11:26 14.54 23.85 -17.42
10/4/2006 15:11 11.72 26.72 -17.47
10/5/2006 16:04 11.14 27.27 -17.44
10/6/2006 12:17 14.60 23.66 -17.29
10/2/2006 17:34 10.66 10.58 0.13
10/3/2006 11:05 13.91 7.24 0.22
10/4/2006 15:38 11.14 10.12 0.11
10/5/2006 16:15 10.78 10.42 0.17
10/6/2006 13:18 13.75 7.34 0.28
10/2/2006 17:00 9.08 10.66 -1.33
10/3/2006 11:42 11.35 8.35 -1.29
10/4/2006 14:59 9.48 10.28 -1.35
10/5/2006 15:47 8.99 10.72 -1.30
10/6/2006 11:46 11.53 8.14 -1.26
10/2/2006 15:49 8.34 21.40 -11.35
10/3/2006 11:44 12.16 17.39 -11.16
10/4/2006 14:56 8.75 20.88 -11.24
10/5/2006 15:50 8.12 21.52 -11.25
10/6/2006 11:56 13.35 16.21 -11.17
10/2/2006 15:47 9.19 22.03 -12.74
10/3/2006 11:47 11.51 19.69 -12.73
10/4/2006 14:54 9.76 21.47 -12.76
10/5/2006 15:51 9.28 21.95 -12.76
10/6/2006 12:09 11.66 19.57 -12.76

0.06

0.05

0.01

0.07

0.03

0.060.18

-1.31

-11.23

-12.75

-12.13

-17.41

MW-11

18.39

MW-10

18.41

MW-12

18.47

MW-08

20.97

MW-09

21.37

MW-07

20.36
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Table 1
Conversion of Water Level Measurements to Elevations Relative to Mean Low Low Water

Mean 
Transducer 
Elevation 

Standard 
Deviation

(ft MLLW) Date Time (ft TOC) (ft) (ft MLLW) (ft MLLW)

Measurement StatisticsHeight of Water 
Above 

Transducer 

Calculated 
Transducer 
Elevation1

Transducer 
Location

Top of Casing 
Elevation 

Depth to 
Water 

Surface    

Measurement 
Timing

10/2/2006 17:18 11.16 9.27 -0.27
10/3/2006 10:54 11.22 9.20 -0.26
10/4/2006 15:55 11.25 9.18 -0.27
10/5/2006 16:25 11.22 9.21 -0.27
10/6/2006 13:36 11.22 9.13 -0.19
10/2/2006 17:22 11.05 18.53 -9.45
10/3/2006 10:40 11.19 18.42 -9.48
10/4/2006 15:53 11.15 18.47 -9.49
10/5/2006 16:27 11.11 18.48 -9.46
10/6/2006 13:38 11.19 18.30 -9.36
10/3/2006 10:30 13.28 10.49 -3.49
10/4/2006 15:58 11.69 12.11 -3.52
10/5/2006 16:34 11.45 12.32 -3.49
10/6/2006 13:53 12.68 11.11 -3.51
10/2/2006 15:22 3.63 12.22 -0.45
10/3/2006 11:59 8.30 7.65 -0.55
10/4/2006 15:04 3.36 12.51 -0.47
10/5/2006 15:43 2.80 13.09 -0.49
10/6/2006 14:55 4.69 11.11 -0.40
10/2/2006 18:13 4.86 4.23 6.04
10/3/2006 11:00 7.63 1.46 6.04
10/4/2006 15:46 4.69 4.47 5.97
10/5/2006 16:22 4.37 4.74 6.02
10/6/2006 13:27 7.52 1.54 6.07

Note:
1  The transducer elevation was calculated by subtracting the sum of the depth to water and height of water above the 
    tranducer from the top of the casing elevation.
ft  MLLW  Elevation is feet Mean Lower Low Water (MLLW)
ft  TOC Feet from the top of casing 
ft  Feet 

-0.25

-9.45

-3.50 0.01

0.05

0.03

-0.47

6.03 0.03

0.05

MW-13

20.16

MW-15

20.28

MW-14

20.13

Tide Gauge

Still Well

15.40

15.13
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Tidal Study Hydrographs 
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Technical Memorandum
 
 
TO:    Piper Peterson Lee, U.S. Environmental Protection Agency 
 
FROM:   Mary Henley, P.E., Project Manager, City of Tacoma 
 
SUBJECT:   Identification of Wells to be Monitored to Establish Baseline at CDF 
 
DATE:    November 21, 2006 
 
 
 
This memorandum presents a proposal to the United States Environmental Protection Agency 
(EPA) for wells to be monitored for establishment of baseline groundwater quality at the St. Paul 
Waterway Confined Disposal Facility (CDF).  Investigation of the hydrogeologic conditions and 
monitoring to establish baseline groundwater quality is being performed as part of the EPA-
approved Operations, Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and 
Wheeler-Osgood Waterways Remediation Project (City of Tacoma 2006). 
 
Baseline groundwater quality monitoring at the CDF includes quarterly groundwater sampling 
and analysis over a two-year period.  As specified in the OMMP, the wells to be included in 
baseline groundwater monitoring are to be selected based on the post-construction 
hydrogeologic conditions at the CDF.  Selection of wells for use in baseline groundwater 
monitoring at the CDF is the second step required by the OMMP for this aspect of the project.  
The initial step was to complete a post-construction hydrogeological investigation of the CDF.  
Results of the hydrogeological investigation are presented in the Post-Construction 
Hydrogeological Conditions Report.  The findings and conclusions from the hydrogeological 
investigation are summarized in the following section and provide the basis for the proposed 
monitoring well network to be used to establish baseline groundwater quality at the CDF. 
 
Summary of CDF Hydrological Conditions 
 
The following hydrogeological conditions and potential contaminant transport mechanisms are 
identified in the Post-Construction Hydrogeological Conditions Report: 
 

• Shallow groundwater, downgradient of the dredged sediment recently placed in the CDF 
is most likely to be impacted by saltwater washout effects and to transport contaminants 
from the CDF.  Modeling performed as part of the design, identified that contaminant 
release is most likely to occur where less-saline groundwater and stormwater infiltration 
come in contact with confined, contaminated dredged materials and then flows away 
from (i.e., downgradient from) the CDF.  Hydrogeological investigations indicate that 
shallow groundwater generally flows to the west toward the outer St. Paul and Middle 
Waterways. 
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• Intermediate depth groundwater, downgradient of the CDF, also has the potential to 
transport contamination from the confined, contaminated dredged materials.  Evaluation 
of vertical groundwater gradients shows that shallow and deep groundwater flowing 
through the CDF converge at the intermediate depth horizon.  Therefore, groundwater 
from all depths that has been in contact with the contaminated dredged material has the 
potential to flow from the CDF within the intermediate depth horizon.  Hydrogeological 
investigations indicate that intermediate depth groundwater flows to the west toward the 
Middle Waterway. 

 
Recommended Wells for Baseline Groundwater Quality Monitoring 
 
Based on the findings of the CDF hydrogeological conditions investigation, the following 
monitoring wells are recommended for sampling to establish baseline groundwater quality at the 
CDF: 
 

• Shallow depth monitoring wells MW-01, MW-02, MW-06, and MW-10 located 
downgradient of dredged sediment placed in the CDF (Figure 1).  These wells are 
recommended to identify contaminant levels that may result from salt washout by 
shallow groundwater that encounters the dredged material confined within the CDF and 
is then discharged downgradient. 

 
• Intermediate depth monitoring wells MW-07 and MW-11 also located downgradient of 

dredged sediment placed in the CDF.  These wells are recommended to identify 
contaminant levels that may result from shallow, intermediate, and deep groundwater 
that encounters the dredged material within the CDF and converges at the intermediate 
depth as it discharges downgradient. 

 
• Monitoring Wells MW-04 and MW-05, installed within the CDF.  These wells are 

recommended to identify contaminant levels in groundwater while it is within the dredged 
material confined in the CDF. 

 
On approval of the well network by EPA, baseline quarterly groundwater monitoring activities 
will be initiated in accordance with the OMMP.  EPA approval is desired before January 2007, to 
allow performance of the initial quarter of baseline monitoring during the winter wet season.  
Constituents to be analyzed during this two year baseline monitoring effort, along with sampling 
and analysis procedures are outlined in the OMMP. 
 
If you have any questions concerning the monitoring wells selected for baseline groundwater 
quality monitoring please give me a call at 253-502-2113. 
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January 16, 2007 
 
 
 
Piper Peterson Lee 
US EPA, Region 10 
1200 Sixth Avenue 
Seattle, WA  98101 
 
Subject: Thea Foss and Wheeler-Osgood Waterways Remediation Project 
 Operations, Maintenance, and Monitoring Plan 
 
Dear Ms. Peterson Lee: 
 
Enclosed are the response to EPA comments on the Post-Construction Hydrogeologic 
Conditions Report for the St. Paul Waterway Confined Disposal Facility and the Technical 
Memorandum for Identification of Wells to be Monitored to Establish Baseline at the CDF.  The 
comments were provided to the City in an email dated December 20, 2006.  Each comment is 
presented followed by the response to the comment. 
 
Please give me a call if you have any questions concerning the response to comments.  
 
Sincerely, 
 
 
 
Mary Henley, P.E. 
Project Manager 
 
MLH:sh  (Response to EPA – Corps Comments on Baseline Well Selection – Hydrogeo Report.doc  
 
Enclosures 
 
cc: Kym Takasaki, ACOE 
 Leslie Ann Rose, CHB 
 
File:  Foss OMMP 
 
 
 



RESPONSE TO COMMENTS ON THE POST-CONSTRUCTION HYDROGEOLOGIC 
CONDITIONS REPORT 
 
Comment No. 1.  General Comments on Methods.  Overall report is well-written, and methods 
for collecting and analyzing slug test data and tidal data are widely-recognized and appropriate.  
Based on information presented it is uncertain whether some of the wells were developed 
adequately or if the wells were designed appropriately.  The large amount of fine sand and silt 
removed from the base of the wells indicates that smaller screen-slot size and filter pack sand 
may have been more appropriate.  We anticipate that future development prior to sampling 
(maybe with a larger pump) will help reduce the turbidity observed in some of the site wells. 
 
Response:  Post-development turbidity levels were relatively low in most of the monitoring wells 
installed to monitor the CDF indicating that the wells were designed appropriately.  
Development was performed in accordance with standard protocols as outlined in the OMMP 
until the measured turbidity had stabilized and significant reductions in turbidity were no longer 
observed between successive measurements.  Although moderate turbidity levels were 
measured in several wells at the completion of development, additional development including 
purging the wells utilizing a larger pump and higher pumping rates is not expected to 
significantly reduce turbidity further in the wells.  Low-flow sampling methods will be used to 
collect groundwater samples from the wells selected for baseline monitoring at the site.  It is 
anticipated that the use of low-flow sampling will result in further reduction in measured turbidity 
levels in the groundwater that is collected for analysis.  If there is difficulty achieving low turbidity 
levels during quarterly sampling, the City will consider further development to resolve the issue. 
 
Comment No. 2.  Section 3.3, Groundwater Response to Tidal Fluctuations – For 
completeness, it would be appropriate to state whether there was any precipitation observed 
at/near the site during the tidal monitoring study that would have affected groundwater levels.  
Based on a search of Sea-Tac Airport precipitation data, only 0.02 inches of rain fell during the 
monitoring period there, which would likely have negligible affect on groundwater levels.  
Additionally, state whether any known nearby industrial wells or other operations occurred 
during the testing which might affect local groundwater. 
 
Response:  Weather data from weather stations in the vicinity of the CDF (i.e., Fort Lewis and 
Tacoma Narrows Airport) during the time period of the tidal study (i.e., October 3, 2006 through 
October 6, 2006) indicates that approximately 0.15 inches of precipitation fell on the final day of 
the tidal study.  The City does not believe that this amount of rain at the end of the tidal study 
had a discernable affect on groundwater levels.   
 
Representatives of Simpson who operate the facilities surrounding the CDF were contacted 
concerning the presence of operations or industrial wells in the vicinity of the CDF.  No industrial 
wells (i.e., extraction or injection wells) or other operations were identified at Simpson’s facilities 
that would have affected local groundwater flow during the testing. 
 
Comment No. 3.  Section 3.4, Mean Groundwater Elevation, Gradients, and Flow Direction – 
Obviously seasonal changes in average groundwater gradient were not considered in this 
investigation due to its short duration.  However, for completeness it would be appropriate to 
state this and possibly relate any information on seasonality gleaned from other studies within 
nearby Tacoma waterways if changes in flow direction or gradient magnitudes (horizontally 
and/or vertically) occur.  Seasonal affects have the highest potential to affect gradient 
magnitudes (both horizontal and vertical) as opposed to averaged flow directions. Also, include 
representative maps showing high and low tide flow directions. 

Response to EPA - Corps Comments on Baseline Well Selection - Hydrogeo Report.doc Page 1 of 4 



 
Response:  The groundwater gradients and flow directions identified as part of the post-
construction hydrogeologic conditions evaluation are consistent with regional groundwater flow 
patterns and information gathered from investigations of the St. Paul and Thea Foss Waterways 
as part of remedial design (City of Tacoma, 1999).  As part of design activities, a tidal study was 
conducted for the Thea Foss Waterway in August 1997.  The design tidal study was conducted 
during the summer, when water levels are generally low, while the tidal study conducted as part 
of this evaluation was performed in the fall when in general, intermediate water levels are 
observed.  Although these studies were conducted in different seasons, similar horizontal and 
vertical groundwater flow gradients were observed adjacent to the waterways.  
 
Additional information on seasonal affects on groundwater gradients was identified from review 
of groundwater monitoring at the Reichhold Tacoma facility located adjacent to the Blair 
Waterway in the Tacoma tideflats.  As part of the quarterly groundwater monitoring at the 
Reichhold facility, groundwater flow gradients are evaluated through performance of quarterly 
tidal studies.  The results of the monitoring performed in 2004 and 2005 at the Reichhold facility 
were reviewed to assess seasonal variability.   
 
Groundwater at the Reichhold facility flows from recharge areas at higher elevations toward the 
Blair Waterway and Commencement Bay similar to groundwater flow at the CDF (i.e., from 
higher elevations to adjacent waterways).  The annual average net gradient was upward for 
both 2004 and 2005 at the Reichhold facility from deep wells to intermediate depth wells.  A 
vertical upward gradient from the deeper wells to the intermediate wells was observed in all four 
quarterly events in 2004 for all six well pairs.  In 2005, a vertical upward gradient was observed 
in all six well pairs for three quarters and in five of six well pairs in the remaining quarter.  The 
vertical gradient in the remaining well pair was essentially zero (i.e., -0.001).  The magnitude of 
the vertical gradient varied moderately but the direction of the gradient did not change.  The 
standard deviation between the quarterly (seasonal) monitoring events for both 2004 and 2005 
was less than 50 percent.  Therefore, the vertical gradients between the intermediate and the 
deep wells varied less than an order of magnitude as a response to seasonal affects. 
 
Similarly, the standard deviation of the horizontal hydraulic gradient between the quarterly 
(seasonal) monitoring events for both 2004 and 2005 was less than 30 percent.  Therefore, the 
horizontal gradients across the facility also varied less than an order of magnitude in response 
to seasonal affects.   
 
The calculated vertical and horizontal groundwater gradients were fairly consistent between 
each quarterly monitoring event and over the course of a total of eight sampling events at the 
Reichhold facility. These data indicate that the seasonal affects are not substantial and that 
regional groundwater patterns and tidal cycles have more impact on both the direction and 
magnitude of groundwater flow and gradients. 
 
Additional figures have been prepared that present the groundwater flow directions at the lowest 
low tide and the highest high tide for each of the well intervals – shallow, intermediate, and 
deep. The additional figures are provided with this response to comments. 
 
Comment No. 4.  Figure 9, Groundwater Elevations Map for Intermediate Wells – Groundwater 
flow direction arrows should always be perpendicular to potentiometric contours; therefore flow 
direction arrow on figure should be revised to be more southwesterly as opposed to westerly.  
This has implications for which parts of the CDF would actually be monitored by well MW-11. 
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Response:  Comment noted.  Figure 9 has been revised so that the groundwater flow direction 
indicated by the arrow on the figure is in the southwesterly direction.  A revised Figure 9 is 
provided with this response to comments.  Upon approval, this figure will be provided to 
planholders to replace the existing Figure 9 in the report. 
 
Comment No. 5.  Boring/well logs are missing for MW-01 through MW-04. 
 
Response:  Comment noted.  Copies of the boring/well logs for MW-01 through MW-04 are 
provided with this response to comments.  The boring logs for MW-01 through MW-04 must 
have been inadvertently left out of the copy of the report provided to the Corps in the process of 
reproduction. 
 
 
 
RESPONSE TO COMMENT ON THE TECHNICAL MEMORANDUM 
 
Comment No. 1.  Based on the information presented in the Hydrogeologic Conditions Report, 
we agree with the proposed baseline monitoring well sampling recommendations and rationale, 
with two additions, adding sampling of the deep wells MW-12 and MW-08.  Although the 
hydraulic gradient between intermediate and deep wells downgradient (west) of the CDF is 
upward, there is about a 30-foot span of aquifer not being monitored between the downgradient 
intermediate and deep well pairs.  Section B-B’ (Figure 5 of report) shows dredged fill present in 
the center of the CDF as deep as -55 ft MLLW, indicating groundwater would flow from the base 
of the CDF west toward but underneath intermediate well MW-11.  If only shallow and 
intermediate wells MW-10 and MW-11 were to be monitored at this location, potential 
contaminated groundwater from the CDF that could be monitored by MW-12 might be missed.  
Monitoring of deep downgradient well MW-08 would not be appropriate based solely on the data 
collected during the investigation because the top of the screen is below the bottom of the CDF 
in this area, and with an upward gradient all groundwater from the CDF would be passing above 
the MW-08 well screen.  However, seasonally the vertical gradient might reverse and become 
downward between wells MW-07 and MW-08 (unlikely from a conceptual standpoint but no data 
exists to disprove this) in which case monitoring of deep well MW-08 would be appropriate.  
 
Also to obtain a more complete data set and confirm gradients present at the site, we 
recommend adding water level measurements to all site wells during baseline sampling. 
 
Response:  The deep monitoring wells MW-08 and MW-12 will be included as part of the 
baseline monitoring program (i.e., two years of quarterly monitoring) to provide baseline 
conditions for all wells located between the CDF and surface waters in the St. Paul and Middle 
Waterways and Commencement Bay.  Monitoring of wells MW-08 and MW-12 will provide 
additional information on the range of baseline water quality conditions at the site.  A revised 
Figure 1 has been provided that includes MW-08 and MW-12 as wells to be monitored as part of 
baseline groundwater monitoring. 
 
It should be noted that, as identified in the Post-Construction Hydrogeologic Conditions Report 
(Figure 10), the overall horizontal groundwater gradient at the depth of the base of the CDF is 
flat, so that horizontal transport of water present at depth from the CDF to surface water is not 
likely to occur.  Additionally, the groundwater gradients at depth (i.e., -40 to -70 feet MLLW or 
approximately 60 to 90 feet below the ground surface) are not likely to be significantly altered by 
seasonal variation as gradients at depth will be dominated by regional groundwater flow 
patterns and tidal fluctuations.  The results of quarterly tidal studies performed at the nearby 
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Reichhold facility, located on the Blair Waterway, has shown only minor affects on groundwater 
gradients from seasonal variation.  The vertical gradient in deep wells at the Reichhold facility is 
consistently upward, similar to the gradient measured in downgradient deep wells adjacent to 
the CDF and Middle Waterway during the 72-hour tidal study performed at the CDF (see 
response to Comment 3 above).  However, as indicated above, MW-08 and MW-12 will be 
added to the quarterly monitoring program to establish the baseline conditions. 
 
Water level measurements will be taken as part of standard protocols prior to sampling each 
well selected for baseline monitoring (i.e., MW-01, MW-02, MW-04, MW-05, MW-06, MW-07, 
MW-08, MW-10, MW-11, and MW-12) (see Section D.6.1 of the OMMP).  However, site-wide 
“snapshot” groundwater level measurement have not been included as part of monitoring 
activities because they will not provide additional information concerning overall groundwater 
gradients and resulting net groundwater flow direction.  Site-wide groundwater levels change 
rapidly due to tidal fluctuations as shown in the Post-Construction Hydrogeologic Conditions 
Report (see Attachment C-3 of Appendix C).  Therefore, collection of an accurate “snapshot” of 
site-wide groundwater levels during baseline groundwater sampling events is not possible as 
the water levels in most wells will change significantly in the time it takes to collect water level 
measurements for all 15 wells.  Additionally, “snapshot” water level measurements will not 
confirm the overall groundwater gradients (i.e., horizontal and vertical gradients) because a 
“snapshot” only defines an instantaneous point in time and not net groundwater flow direction at 
the site.  The 72-hour tidal study was performed to provide overall groundwater gradients and 
net groundwater flow direction.  Using the data from the 72-hour tidal study, the mean 
groundwater elevation for each well was calculated from 288 individual water level 
measurements and used to identify overall horizontal and vertical groundwater gradients and 
flow direction at the site.  As stated in the Post-Construction Hydrogeologic Conditions Report, 
the horizontal and vertical groundwater gradients identified at the CDF are consistent with those 
identified during design investigations.   
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PRELIMINARY FINDINGS MEMORANDUM 
HABITAT MITIGATION AREA MONITORING 

 
 
INTRODUCTION 
 
This memorandum presents the findings from the Year 0, baseline habitat mitigation area 
monitoring performed at the Thea Foss Waterway habitat mitigation and enhancement area 
sites.  This habitat mitigation area monitoring was performed in accordance with the Operations, 
Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and Wheeler-Osgood Waterways 
Remediation Project (City of Tacoma 2006).  The OMMP requires that various components of 
habitat mitigation monitoring occur throughout the first ten years following completion of the 
remedial action.  After 10 years of monitoring, the City and EPA will evaluate the need for and 
scope of additional monitoring.  A summary of the habitat area monitoring activities performed 
during this baseline monitoring year is provided in Table 1. 
 
The following sections summarize the habitat mitigation area monitoring requirements and the 
findings of these inspections.  As described in the OMMP, both the habitat mitigation areas 
(North Beach Habitat, Middle Waterway Tideflat Habitat, Puyallup River Side Channel, and the 
Hylebos Creek Mitigation Site) and the Thea Foss Habitat Enhancement Areas (Johnny’s Dock 
Habitat Enhancement, Head of Thea Foss Shoreline Habitat, SR 509 Esplanade Riparian 
Habitat, and the Log Step Habitat Enhancement) were inspected.  Monitoring activities were 
performed in accordance with the OMMP.  Provided with this memorandum are attachments 
that contain copies of the field forms and photographs documenting observations and site 
conditions identified during the inspections. 
 
SUMMARY OF HABITAT MITIGATION AREA BASELINE MONITORING 
REQUIREMENTS 
 
The OMMP specifies that habitat mitigation monitoring be performed to achieve the following 
objectives: 
 

 To evaluate the effectiveness of the development of biological features and physical 
features at the mitigation and enhancement sites to confirm that they are on a trajectory 
to provide habitat function necessary to meet the objectives for each site; and 

 To confirm that the habitat sites have attained and continue to meet the objectives for 
each site over time. 

 
As required by the OMMP, habitat monitoring activities are generally performed when tidal 
elevations are below 0.0 feet Mean Lower Low Water (MLLW) except at the Hylebos Creek 
Mitigation Site where the primary monitoring activities are performed when tidal elevations are 
below 8.78 feet MLLW.   
 
Standardized field forms are used to document observations of conditions at the sites.  The 
following types of information are recorded during the monitoring activities: 
 

 Various qualitative observations including evidence of erosion or sedimentation, 
evidence of damage or disease, and condition of large woody debris and goose 
exclosures; 
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 Conditions/types of vegetation; 

 Species of wildlife observed; and 

 Soil/sediment quality.  
 
In addition, photographs are taken during the inspection at designated photo point locations to 
allow for comparison in subsequent monitoring years.  Additional photographs are taken at high 
tide at the Hylebos Creek Mitigation Site to show conditions at the site during periods of tidal 
inundation.   
  
Additional baseline monitoring activities include installation and photographing of elevation 
stakes to monitor sediment erosion/accretion over time at the mitigation areas; brackish marsh 
monitoring at the Middle Waterway Tideflat Habitat to track the effectiveness of the irrigation 
system; and surface water elevation monitoring at the Hylebos Creek Mitigation Site.   
 
SUMMARY OF FIELD ACTIVITIES 
 
Year 0 baseline habitat monitoring activities were initiated in April 2006 with the placement of 
the surface water elevation monitoring probe at the Hylebos Creek Mitigation Site.  Salinity 
monitoring at the Middle Waterway Tideflat Habitat was performed in May, July, August, and 
September 2006.  Qualitative ground surveys, photo documentation, and elevation monitoring 
were initiated in July 2006.  The surface water elevation monitoring at Hylebos Creek was 
completed on November 2, 2006.  A site-by-site discussion follows.  Copies of the inspection 
forms, photographs, and survey information are included in Attachment A. 
 
Mitigation Site Monitoring Activities 
 
NORTH BEACH HABITAT 
 
The St. Paul Beach Habitat, Peninsula Habitat, and Middle Waterway Corridor Habitat areas as 
defined during the construction process are collectively referred to as the North Beach Habitat.  
These habitat areas are buffered from upland activities by a 10- to 20-foot wide riparian buffer. 

The completed St. Paul Beach portion of the habitat area is composed of low gradient, fine 
grained beach habitat.  The beach slopes at a low angle (10H:1V or flatter) to approximately 8 
feet MLLW and is composed of habitat mix.  The beach then slopes more steeply upward 
(approximately 3H:1V), meeting the St. Paul Confined Disposal Facility (CDF) berm at an 
elevation of approximately 13.5 feet MLLW.  The beach surface in this area is comprised of 
habitat mix and rounded cobbles similar to the nearby Olympic View Resource Area beach.  
The containment berm face and the adjacent area are planted with native plants to form a 
riparian buffer. 

The peninsula portion of the habitat area is composed of restored littoral habitat including a 
continuation of the shallow water habitat contours of the St. Paul Beach.  Over 1,900 creosote 
treated piles were removed from this area so that the existing contours could be covered with 
sand ranging in depth from six inches to several feet.  This portion of the habitat area includes 
the development of an undulating band of marsh habitat at an elevation of 10 feet MLLW to 12 
feet MLLW, above the steeper transition between 8 feet MLLW and 10 feet MLLW.  The upper 
beach slopes to a relatively low pass across the central area of the peninsula.  This pass allows 
juvenile salmonids moving across the face of the St. Paul Beach at tides above MLLW to 
continue their migration in relatively protected shallow water into the entrance of the Middle 
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Waterway.  North of the pass, the habitat area rises to an offshore shoal or reef at 12 feet 
MLLW.  This shoal partially shelters areas to the south and east from waves from the northwest. 

Existing uplands at the tip of the Middle/St. Paul Peninsula have been cut back and excavated 
to provide new marine habitat area at the southwest corner of the site.  Eight nodes of marsh 
species appropriate for lower and upper saltmarsh elevations are planted in this habitat area.  
Large woody debris has been placed in the southwest corner to increase habitat complexity and 
to provide protective cover for juvenile salmonids. 

The Middle Waterway Corridor portion of the habitat area consists of a narrow shoreline that 
connects the peninsula portion of the site with the broad mudflats and brackish marsh in the 
southern portion of Middle Waterway.  Approximately 250 feet of stacked concrete bulkhead 
along the east shore of the Middle Waterway were removed and the slope protected with a thick 
slope cap and habitat mix.  This design provides shallow-water, fish-passable shoreline access 
to and from the inner Middle Waterway habitat areas during most tidal conditions.   

Performance standards for this site include minimal change in elevation; development of 
saltmarsh and riparian vegetation coverage; and juvenile salmonid presence.  Performance 
standards are intended to ensure that created aquatic and riparian habitat are maintained over 
time, and to verify that habitat is not lost in the future.  Note that for this habitat area, saltmarsh 
performance standards apply to only five of the eight nodes; the three nodes planted in the most 
exposed areas of the site were planted on a pilot basis and do not have performance standards 
associated with them.   

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 11, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -3.0 feet MLLW.  Upon arrival, there were 
some Canada Geese, Caspian Terns, seagulls, great blue heron, crows, cormorant, pigeon 
guillemot, a white fronted goose, and a harbor seal present at the site.  No significant amounts 
of erosion or sedimentation were identified at the site, however, a slight amount of material 
movement at the toe of the slope near Photo Point 3 was noted.  There were no indications of 
animal damage, disease, or vandalism found, and only minimal amounts of trash.  One piece of 
a containment boom had floated onto the beach, and will be removed and placed on the upland 
area near the drainage ditch per Simpson’s request.  Both the goose exclusion grid and the 
large woody debris were in place and in good condition and no maintenance activities on these 
elements were determined to be necessary.   
 
Since the time of the inspection, more erosion of the toe of the slope at the exposed face has 
been identified.  The City has been in contact with both EPA, and a coastal geologist from the 
Washington State Department of Ecology to discuss corrective actions for this area.  A site 
meeting is planned for early December to assess the situation and to determine follow-up 
actions. 
 
During the July inspection, the surface soils in the riparian area were noted to be brownish 
sandy topsoil, and the soils in the aquatic area were brown to brownish-gray cobbly to silty 
sand.  There was no indication of odor or sheen in either area.  Overall, there was no apparent 
site disturbance and no follow-up actions were needed.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
pickleweed and saltgrass were planted in eight marsh planting nodes.  Of these, three are 
considered pilot nodes due to their exposure.  It was noted during the inspection that the 
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grasses were doing relative poorly in all of the marsh areas, while the pickleweed was doing 
fairly well in most of the nodes.  Overall, there was an estimated 50% survival rate of the 
plantings in the nodes.     
 
The riparian area is planted with a combination of American dunegrass, Hooker’s willow, and 
oceanspray.  Overall, there was an estimated 90% survival rate for the riparian plantings.  There 
were no volunteer species in either the marsh or riparian area, but a few invasive weeds were 
present in the riparian area, including clover and thistle.  Minor weeding of this area is therefore 
required. 
 
Photo Documentation – Six permanent photo points were established at the locations shown on 
Figure E-5 of the OMMP.  A total of 17 photographs were taken at these points at tidal 
elevations ranging from approximately -1.66 feet MLLW to 1.91 feet MLLW.  Copies of the 
photographs can be found in Attachment A.  Rebar were placed at the photo point locations in 
July and the points were surveyed to allow for reproducibility in subsequent monitoring years. 

 
Elevation Monitoring – Five elevation stakes were placed at the locations shown on Figure E-5 
of the OMMP.  These graduated stakes are embedded one-foot into the ground and two feet of 
the stake is visible above ground.  One-inch increments are marked on the stakes both above 
and below the ground surface to allow for measurement of erosion/sedimentation in subsequent 
monitoring years.  The stakes were surveyed following installation to allow for replacement if 
needed, and the top and ground surface elevations were also measured.  Photographs showing 
the elevation stakes in place are included in Attachment A.    

 
MIDDLE WATERWAY TIDEFLAT HABITAT 
 
The Middle Waterway Tideflat Habitat with its associated mudflats and tidal channel was 
constructed on excavated uplands and existing tideflat along approximately 1,450 linear feet of 
the 1,800-foot long eastern shoreline of the Middle Waterway.  This habitat area begins 
immediately south of the relocated log haul out and immediately to the north of the existing 
Trustees/Simpson pilot restoration project site along the southeast side of the waterway, and 
across Middle Waterway from the City’s NRDA settlement restoration project and the Middle 
Waterway Action Committee shoreline restoration project. 

The habitat area was excavated from elevations of 18 feet MLLW down to approximately 0 feet 
MLLW.  A meandering tidal channel was excavated down to -4 feet MLLW at the north end, 
rising to -2 feet MLLW at the south end.  The upper shoreline between 13 feet MLLW and 8 feet 
MLLW is enhanced with at least six inches of topsoil to support riparian plantings. 

The marsh site is buffered from adjacent industrial activities with a 10- to 25-foot wide riparian 
area planted with native tree and shrub species.  A freshwater sprinkler irrigation system 
irrigates approximately 40,000 sq. ft. of the site between elevation 11.5 feet MLLW and 12.5 feet 
MLLW for the purpose of establishing brackish marsh habitat.  Freshwater flow is considered 
essential to the development of the desired emergent brackish marsh community at this habitat 
area.  The brackish marsh is in the 10 feet MLLW to 13 feet MLLW elevation range, which 
varies between 10 and 60 feet in width.  The irrigation system generally follows the 13 feet 
MLLW contour and is designed to reduce sediment pore water salinity in the elevation band 
between 11.5 feet MLLW and 12.5 feet MLLW. 

Daily irrigation is controlled by an adjustable timer, sensor switch, and rain gauge, and can be 
adjusted to achieve the salinity and plant health requirements.  The system automatically shuts 

Preliminary Findings Memorandum - Habitat 06.doc Page 4 of 13 



off when tidal elevations exceed 11.5 feet MLLW or when precipitation during the run time 
exceeds 0.1 inch.  Typically the irrigation system will loop to irrigate for a short duration several 
times per day.  For example, seven minutes of watering every 30 minutes, 24 hours per day, 
with no watering during high tide or heavy rainfall.  The frequency and duration of watering may 
be adjusted depending on, but not limited to, field observations of soil and vegetation, pore 
water salinity monitoring results, and weather conditions.   

Twelve 10- by 50-foot (3- by 15-meter) nodes of brackish marsh species have been planted in 
this zone.  Plots are planted to stimulate development of a brackish marsh at the Middle 
Waterway Tideflat Habitat.  Brackish marsh plantings consist of Lyngby’s sedge (Carex 
lyngbeyi) and Seacoast bulrush (Scirpus maritimus).  It is anticipated that these introduced 
brackish marsh plants will establish a seed source allowing expansion between the initial 
planting nodes.   

Performance standards for this site include minimal change in elevation over time; development 
of a brackish marsh and riparian vegetation cover; and juvenile salmonid presence.  
Performance standards are intended to ensure that created aquatic and riparian habitat are 
maintained over time, and to verify that habitat is not lost in the future.   

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 11, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -3.0 feet MLLW.  Upon arrival, there were 
some Canada Geese, great blue heron, gulls, crows, barn swallows, and violet green swallows 
present at the site.  No significant erosion or sedimentation were identified at the site, however, 
some minor amounts of erosion from springs and seeps were observed, as expected.  There 
were no indications of animal damage, disease, or vandalism, and only small amounts of trash 
present.  Both the goose exclusion grids and the large woody debris were in good condition and 
no maintenance activities were determined to be necessary.  Small amounts of bark were 
present at the site, likely from the log haul out facility located north of the habitat area.  This bark 
did not appear to be impacting establishment of the marsh.    
 
The surface soils in the aquatic area consisted of brown silty sand with some presence of algae.  
The surface soils in the riparian area were brown topsoil/sandy silt.  There was no indication of 
odor or sheen in the riparian area and only small areas of organic sheen in the aquatic area.  
Overall, there was no apparent site disturbance and no follow-up actions were needed.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
Lyngby sedge and Seacoast bulrush were planted in 12 planting nodes between elevation 11.5 
feet MLLW and 12.5 feet MLLW.  A combination of trees and shrubs, including black 
cottonwood, red alder, shore pine, Douglas fir, big-leaf maple, Hooker’s willow, oceanspray, 
Sitka willow, and red-flowering currant were planted in the riparian area.  It was noted during the 
inspection that all of the plantings were doing very well, with 90% and 95% survival estimated in 
the marsh and riparian areas, respectively.  Some weeds, including clover and thistle were 
present in the riparian area at the site, and minor weeding is needed.  No volunteer species 
were observed in either the riparian or marsh area, but sources of pickleweed are present at the 
south end of the site and are expected to colonize in this area in a short time frame.   
 
Photo Documentation – Four permanent photo points were established at the locations shown 
on Figure E-6 of the OMMP.  A total of eleven photographs were taken at these points at tidal 
elevations ranging from approximately -3.25 feet MLLW to -2.77 feet MLLW.  Copies of the 
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photographs can be found in Attachment A.  Rebar were placed at the photo point locations in 
July and the points were surveyed to allow for reproducibility in subsequent monitoring years. 
 
Elevation Monitoring – Six elevation stakes were placed at the locations shown on Figure E-6 of 
the OMMP.  These graduated stakes are embedded one-foot into the ground and two feet of the 
stake are visible above ground.  One inch increments are marked on the stakes both above and 
below the ground surface to allow for measurement of erosion/sedimentation in subsequent 
monitoring years.  The stakes were surveyed following installation to allow for replacement if 
needed, and the top and ground surface elevations were also measured.  Photographs showing 
the elevation stakes in place are included in Attachment A.    
 
Brackish Marsh Salinity Monitoring – Salinity of the substrate pore-water was monitored in the 
area where irrigation is being used to maintain conditions suitable for brackish marsh 
vegetation.  Nine salinity monitoring locations were established at the locations shown on Figure 
E-6 of the OMMP.  Six of these stations are located along the contour between 11.5 feet MLLW 
and 12.5 feet MLLW.  In addition, there are three background monitoring locations.  Figure E-6 
of the OMMP shows the sample locations with their corresponding identification numbers.  
Salinity measurements were taken at a descending tide, approximately two hours after the tidal 
elevation had dropped below 11.5 feet MLLW. 
 
In accordance with the OMMP, initial salinity measurements were taken prior to brackish marsh 
planting.  Three rounds of samples were taken in May 2006 as the irrigation system was being 
adjusted and prior to plant installation.  Results of the sampling performed for salinity can be 
found in Table 2.  Data are included in Attachment B.   
 
Plantings at the site were performed in June and July 2006.  Following completion of planting in 
July, additional salinity measurements were taken monthly for three months in July, August, and 
September in accordance with the OMMP.  These results are also shown on Table 2.   
 
Performance criteria established for the salinity measurements are that, in Year 0, if less than 
50% of the results meet the salinity threshold of 10 ppt, adjustment of the irrigation system may 
be needed if plants appear to be stressed.  If that situation occurs, sampling is to be continued 
weekly as tides allow until the threshold is met.   
 
Based on the results shown in Table 2, during the initial monitoring event on May 23, the criteria 
were exceeded at 4 of the 6 stations, and data could not be collected from the other two 
locations.  Following adjustment to the system, and prior to planting, additional monitoring was 
performed.  In these next two events, 5 out of 6 of the stations monitored in the brackish marsh 
zone met the 10 ppt criteria.  In both sampling events, BW3 was the site that exceeded the 
threshold.  Based on achievement of the performance criteria, the site was planted.   
 
In the July and August monthly monitoring events, again, 5 of the 6 stations met the criteria.  
Different stations exceeded the criteria in these two events (i.e., BW2 in July and BW6 in 
August).  In September, the third monthly sampling event was required.  Prior to this time, an 
electrical failure had caused the system to shut down for a short period of time.  The sampling 
performed during this period, 50% of the locations did not meet the salinity threshold, and a 
reading was not available for one of the sites.  The system is now back in operation and the 
plants appear to be doing well.  An additional round of sampling will be performed in late 
November/early December to confirm compliance with the performance criteria.  Those results 
will be included in the Baseline Monitoring Report. 
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PUYALLUP RIVER SIDE CHANNEL 
 
The Puyallup River Side Channel (PRSC) provides off-channel habitat intended for use by 
juvenile salmonids for rearing and refuge during their outmigration to the estuary.  The project 
merged an existing isolated wetland and an adjacent parcel that was excavated to as deep as  
-2 feet MLLW from existing uplands, into a single off-channel habitat area.  The existing flood 
control levee structure was breached following construction of a new levee to allow the river and 
the associated tidal hydrology to enter.  The excavated channel and reconfigured existing 
wetland contain water during most tides. 

A substantial area was left between about 6 feet MLLW and 13 feet MLLW to allow 
development of brackish marsh and riparian assemblages.  The area on the inside of the 
existing Puyallup River dike has been planted with riparian vegetation.  The mudflat areas below 
Ordinary High Water (OHW) have been left for natural colonization by native brackish marsh 
species (as occurred at the Gog-Le-Hi-Te site across the river). 

Performance standards for this site include the development of riparian vegetation cover and 
juvenile salmonid presence.  Performance standards are intended to ensure that created 
aquatic and riparian habitat are maintained over time, and to verify that habitat is not lost in the 
future.   

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 10, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -1.5 feet MLLW.  Upon arrival, there were 
some Canada geese, marsh wren, gulls, crows, great blue heron, ducks, and killdeer present at 
the site.  Only very minimal erosion on the old levee and sedimentation in the breach area were 
identified at the site.  There were no indications of animal damage, disease, or vandalism, and 
only minimal trash was present at the site.  Small quantities of organic material were present in 
the ends of the channels.  
 
The surface soils in the upland area were gray, sandy gravel.  Surface soils in the aquatic area 
ranged from dark brown to light gray, silty to silty sand.  There was no indication of odor or 
sheen in the upland area and only small areas of organic sheen in the aquatic area.  Overall, 
there was no apparent site disturbance and no follow-up actions were needed.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
trees and shrubs, including black cottonwood, red alder, shore pine, Douglas fir, big-leaf maple, 
hooker’s willow, oceanspray, red-flowering currant, and Sitka willow were planted on the top of 
the old, cutdown levee.  It was noted during the inspection that overall, the plants were doing 
very well, and there was a 95% survival rate estimated.  Some weeds, including blackberry, 
thistle, and canary grass were present.  Minor weeding of this area is therefore required.  A few 
willows were noted to have volunteered in the upland area.   
 
Photo Documentation – Six permanent photo points were established at the locations shown on 
Figure E-7 of the OMMP.  A total of ten photographs were taken at these points at tidal 
elevations ranging from approximately -3.10 fee MLLW to -0.83 feet MLLW.  Copies of the 
photographs can be found in Attachment A.  Rebar were placed at the photo point locations in 
July and the points were surveyed to allow for reproducibility in subsequent monitoring years. 
 
Elevation Monitoring – Six elevation stakes were placed at the locations shown on Figure E-7 of 
the OMMP.  These graduated stakes are embedded one-foot into the ground and two feet of the 
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stake is visible above ground.  One-inch increments are marked on the stakes both above and 
below the ground surface to allow for measurement of erosion/sedimentation in subsequent 
monitoring years.  The stakes were surveyed following installation to allow for replacement if 
needed, and the top and ground surface elevations were also measured.  Photographs showing 
the elevation stakes in place are included in Attachment A.    
 
HYLEBOS CREEK MITIGATION SITE 
 
Hylebos Creek is the major tributary to the Hylebos Waterway.  The project area is located on 
the right bank of lower Hylebos Creek.  Hylebos Creek has a large watershed, the majority of 
which extends north into King County.  The project site is bordered by the 4th Street Bridge at its 
southern end and the stream reach lies completely within the saltwater wedge associated with 
Commencement Bay’s tidal prism.  Approximately 400 feet of creek reach is within the project 
area.  The total project area includes a riparian/forested wetland enhancement and created 
aquatic habitat. 

On-site native vegetation includes:  Oregon ash, red osier dogwood, salmonberry, and black 
cottonwood.  This project complements the neighboring restored areas, including the Milgard 
mitigation project and the NRDA Trustees’ Jordan project.  Both projects are located to the 
south of the Hylebos Creek Mitigation Site.  The Jordan project is designed to provide off-
channel salmon habitat to the east of the creek’s bank, while the Milgard project restored the 
creek’s western wetland buffer.  The Hylebos Creek Mitigation Site adds to the area’s habitat 
value and extends the wildlife corridor already established. 

Habitat in this area was enhanced within a linear band paralleling Hylebos Creek.  
Enhancements included removal of non-native invasive Himalayan blackberry, reed canary 
grass, and yellow-flag iris.  These species were replaced with native plants appropriate to the 
new hydrological regime, including Sitka willow, Sitka spruce, nootka rose, mock orange, 
hooker’s willow, and oceanspray.   

Where possible with the least disturbance to native vegetation, small channel “fingers” were 
excavated into the existing bank to allow water inundation during periods of high freshwater 
flows or tidal surges.  The off-channel area provides habitat for the creek’s out-migrating 
juvenile salmonids that need refuge areas while acclimatizing to saltwater.  The added aquatic 
habitat, water retention and wetland enhancement provide a more diverse habitat and increased 
wildlife protection by screening it from the adjacent open areas.  Preservation of the existing 
mature native bankside vegetation allows for the continued contribution of leaf litter, shade, and 
nutrients to the creek. 

Performance standards for this site include minimal change in elevation; development of 
forested wetlands vegetative cover; water surface elevation of 2 feet (NGVD 29) at least 30% of 
the time, and juvenile salmonid presence.  Performance standards are intended to ensure that 
created aquatic habitat is maintained over time, and to verify that habitat is not lost in the future.   

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 11, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately 2.0 feet MLLW.  Upon arrival, there were 
some violet green swallows, goldfinch, red-tail hawk, flycatchers, barn swallows, belted 
kingfishers, and mallard ducks present at the site.  No significant erosion and only minor 
sedimentation were identified at the site.  There were no indications of disease or trash, and 
only minor herbivory of the grasses.  There was some indication of human presence at the site 
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based on the movement and stacking of some of the rocks.  The large woody debris that is 
currently in place were in good condition although one anchor required repair.  Additional large 
woody debris, and some smaller branches, will be placed at the site before the end of 2006 in 
accordance with discussions held during the final site approval.   
 
The upland surface soils were light brown gravelly sand and surface soils in the aquatic areas 
were brown to gray, sandy silt to gravelly sand.  There was no indication of odor or sheen in 
either area.  Overall, there was no apparent site disturbance and no follow-up actions were 
needed.   

 
The site had been planted in accordance with the approved planting plans.  The upland forest 
had been planted with a variety of trees and shrubs, including Douglas fir, Sitka spruce, big-leaf 
maple, shore pine, thimbleberry, oceanspray, snowberry, mock orange, kinnickkinick, western 
service berry, baldhip rose and bracken fern.  Erosion control seed mix had also been placed at 
the site.  It was noted during the inspection that there was slight water stress on the upland 
forest area due to the difficulty in watering the new plants because of the steep topography.  An 
approximately 75% survival rate was estimated at the time of the inspection.  Water stress is 
expected to become less of a problem as the site becomes established.   
 
The forested wetland portion of the site was also planted with a combination of trees and 
shrubs, including red alder, Oregon ash, western red cedar, black cottonwood, western 
crabapple, beaked hazelnut, Pacific ninebark, black twinberry, vine maple, red-osier dogwood, 
hooker’s willow, and Sitka willow.  This portion of the site appeared to be doing well and no 
required maintenance activities were noted.  Additional alders will be planted at the site in spring 
2007 in accordance with discussions held during the final site approval. 
 
The emergent wetland was planted with a combination of sawbeak sedge, slough sedge, small-
fruited bulrush, hardstem bulrush, and reed mannagrass.  This portion of the site appeared to 
be doing well with a 95% survival rate estimated.  As noted above, minor herbivory of the 
grasses was found, but no maintenance activities were determined to be necessary.   
 
Some invasive weeds were identified at the edges of the site, including blackberries, and minor 
weeding as a part of regularly scheduled maintenance is needed.  It was noted that there were 
some bulrush in the downstream lobe that appeared to be volunteering. 
 
Photo Documentation – Seven permanent photo points were established at the locations shown 
on Figure E-8 of the OMMP.  A total of 21 photographs were taken at these points at tidal 
elevations ranging from approximately 0.58 feet MLLW to 3.3 feet MLLW.  In addition, a second 
set of photographs were taken at six of the seven photo point locations at a tidal elevation 
ranging from approximately 12.69 feet MLLW to 12.74 feet MLLW to show site conditions during 
periods of inundation.  Photo Point 5 was inaccessible during the high water photo event.  
Copies of the photographs can be found in Attachment A.  Rebar were placed at the photo point 
locations in July and the points surveyed to allow for reproducibility in subsequent monitoring 
years. 
 
Elevation Monitoring – Six elevation stakes were placed at the locations shown on Figure E-8 of 
the OMMP.  These graduated stakes are embedded one-foot into the ground and two feet of the 
stake is visible above ground.  One-inch increments are marked on the stakes both above and 
below the ground surface to allow for measurement of erosion/sedimentation in subsequent 
monitoring years.  The stakes were surveyed following installation to allow for replacement if 
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needed, and the top and ground surface elevations were also measured.  Photographs showing 
the elevation stakes in place are included in Attachment A.    
 
Surface Water Elevation Monitoring – Surface water elevation monitoring was performed 
between April 18, 2006 and November 2, 2006.  Descriptive statistics and a graph of all the 
measurements can be found in Table 3 and Figure 1, respectively.  A total of 28,482 water 
elevation measurements were determined using the water level logger.  There were 13,320 
measurements with an elevation of 2 feet NGVD29 or higher.  This represents 47% of the time 
and meets the performance criteria of 30%. 
 
Thea Foss Habitat Enhancement Areas 
 
JOHNNY’S DOCK HABITAT ENHANCEMENT  
 
This area is a pocket beach constructed to enhance the habitat between the Foss Landing and 
Johnny’s Dock Marinas.  Prior to remediation, an old timber access pier with a brick foundation 
was present at the site.  As part of construction of this habitat area, this structure was removed 
from the marine environment.  A thick quarry spall cap consisting of an 18-inch deep layer of 
filter material overlain by an 18-inch deep layer of quarry spalls was then placed.  Habitat mix 
was placed on the slope over the quarry spalls between elevations -10 feet MLLW and 13 feet 
MLLW.  Saltmarsh vegetation was planted between 10 feet MLLW and 13 feet MLLW, and large 
woody debris was added to the slope to add complexity to the habitat feature.  A goose 
exclusion grid was installed to minimize herbivory. 
 
Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 10, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -2.75 feet MLLW.  Upon arrival, there were 
some geese present at the site on the lower beach.  No significant erosion or sedimentation 
were identified at the site.  There were no indications of animal damage, disease, trash, or 
vandalism.  Both the goose exclusion grid and the large woody debris were in good condition 
and no maintenance activities were determined to be necessary.   
 
The surface soils were gravelly sand habitat mix.  There was no indication of odor or sheen.  
Overall, there was no apparent site disturbance and no follow-up actions were needed.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
pickleweed and saltgrass were planted between elevations 10 feet MLLW and 12 feet MLLW.  
Tufted hairgrass had been planted above that, between 12 feet MLLW and 13 feet MLLW.  It 
was noted during the inspection that the distichilis was doing very well, and the pickleweed was 
vigorous in places.  There was little evidence of the tufted hairgrass in the higher area where it 
was planted.  Some lady’s thumb had volunteered at the site and there was no indication of 
invasive species present.   

 
As a follow-up to the apparent failure of the hairgrass, a survey was performed to confirm the 
elevation at the top of the planting area.  The survey indicated that the top of the goose 
exclusion fence was between approximate elevations 13.7 feet MLLW and 14.6 feet MLLW, 
higher than the top of the planting zone which was 13 feet MLLW.  Therefore, the tufted 
hairgrass was likely planted at a somewhat higher elevation than is optimum for its growth.  
Additional plants have been ordered and will be installed at a slightly lower elevation in spring 
2007.   

 

Preliminary Findings Memorandum - Habitat 06.doc Page 10 of 13 



Photo Documentation – Two permanent photo points were established at the locations shown 
on Figure E-2 of the OMMP.  A total of four photographs were taken at these points at tidal 
elevations ranging from -2.82 feet MLLW to -2.75 feet MLLW.  Copies of the photographs can 
be found in Attachment A.  Rebar were placed at the photo point locations in July and the points 
were surveyed to allow for reproducibility in subsequent monitoring years. 
 
HEAD OF THEA FOSS SHORELINE HABITAT 
 
A portion of the eastern shoreline at the head of the waterway was cut back as part of the 
Utilities’ remediation project, to create aquatic habitat below ordinary high water.  Saltmarsh and 
littoral vegetation were planted in a 5- to 8-foot side strip landward of a log step structure (at 
approximately 12.4 feet MLLW) along the shoreline.  A goose exclusion grid was constructed 
across the area to minimize herbivory. 

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 10, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -2.90 feet MLLW.  Upon arrival, there were 
some geese, goldfinch, white crown sparrows, and crows present at the site.  No significant 
erosion or sedimentation were identified at the site.  There were no indications of animal 
damage, disease, or vandalism.  Small amounts of trash were found.  The log step appeared to 
be in good condition, but minor repairs to the goose exclusion grid were found to be necessary  
 
The surface soils were grayish-brown silty sand.  There was no indication of odor or sheen.  
Overall, there was no apparent site disturbance and no deficiencies in soil conditions were 
identified.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
fleshy jaumea, distichilis, tufted hairgrass, and hooker’s willow were planted in the bench behind 
the log step.  The log step was constructed as part of the Utilities project, and plantings in this 
area were completed in 2005.  It was noted during the inspection that the distichilis was doing 
very well and the other species had a survival rate of approximately 50%.  Some gumweed had 
volunteered both in the riparian area behind the log step and in the planting strip.  In addition, 
there were various weeds, including clover, both in the planting strip and in the riparian area 
behind.  Some weeding is needed, along with some replacement of plants in spring 2007. 

 
Photo Documentation – Two permanent photo points were established at the locations shown 
on Figure E-1 of the OMMP.  A total of two photographs were taken at these points at tidal 
elevations ranging from approximately -2.96 feet MLLW to -2.89 feet MLLW.  Copies of the 
photographs can be found in Attachment A.  Rebar were placed at the photo point locations in 
July and the points were surveyed to allow for reproducibility in subsequent monitoring years. 
 
SR 509 ESPLANADE RIPARIAN HABITAT 
 
Upland vegetation was planted above the ordinary high water level along the shoreline south of 
Alber’s Mill.  In order to account for shading by the SR 509 Bridge, two different assemblages of 
riparian vegetation were planted:  one tree and shrub assemblage appropriate for full sun 
exposure, and a shrub assemblage appropriate for partial shade.  An irrigation system was 
initially constructed under the bridge in the shaded area and was subsequently extended to the 
north and south ends of the enhancement area.   
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Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 10, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -2.5 feet MLLW.  Upon arrival, there were 
some goldfinch, house sparrows, geese, and barn swallows present at the site.  No significant 
sedimentation, and only one very minor area of erosion were identified at the site.  There is no 
wrack or organic material present at the site.  There were no indications of animal damage, 
disease, trash, or vandalism.  The sprinkler appears to be in good, working order.   
 
The surface soils were grayish-brown, silty sand.  There was no indication of odor or sheen.  
Overall, there was no apparent site disturbance and no deficiencies in soil conditions were 
identified.   
 
The site had been planted in accordance with the approved planting plans.  As indicated above, 
two different assemblages were planted due to the shading provided by the SR 509 Bridge.  In 
the area with full sun, a combination of Pacific madrone, shore pine, oceanspray, red-flowering 
currant, and tall Oregon grape were planted.  In the shaded area beneath the bridge, a 
combination of Pacific rhododendron, salal, and red huckleberry were planted.  There were no 
volunteer species identified during the inspection.  Several invasive species of weeds were 
found including clover, thistle, morning glory, and Himalayan blackberry. 
 
Overall, the plant survival rate was estimated at approximately 90%, with a somewhat lesser 
percentage for the Pacific madrone.  Some weeding is needed, however, no replanting appears 
to be necessary at this time.   

 
Photo Documentation – Three permanent photo points were established at the locations shown 
on Figure E-3 of the OMMP.  A total of four photographs were taken at these points at tidal 
elevations ranging from approximately -2.68 feet MLLW to -2.28 feet MLLW.  Copies of the 
photographs can be found in Attachment A.  Rebar were placed at the photo point locations in 
July and the points were surveyed to allow for reproducibility in subsequent monitoring years. 
 
LOG STEP HABITAT ENHANCEMENT 
 
Approximately 35 treated timber piling, a 12- by 14-foot concrete vault, and other debris were 
removed from an area on the west side of the waterway between the Colonial Fruit warehouse 
and the Foss Waterway Marina.  A portion of the area was dredged, and a thick quarry spall cap 
consisting of 18 inches of filter material overlain by 18 inches of riprap was constructed.  Habitat 
mix was placed over the area between the elevations of -10 feet MLLW and 11 feet MLLW.   

A 2-step log transition was constructed between elevations 11 feet MLLW and 13 feet MLLW 
and a 3-foot bench was constructed using 18 inches of filter material overlain with an 18-inch 
deep layer of quarry spalls.  Habitat mix was placed over the quarry spalls, and saltmarsh 
grasses planted at elevation 13 feet MLLW along the 65-foot long high intertidal bench. 

Qualitative Ground Survey – The baseline qualitative ground survey at this site was conducted 
on July 10, 2006.  A copy of the completed field form can be found in Attachment A.  At the time 
of the survey, the tidal elevation was approximately -1.24 feet MLLW.  Upon arrival, there were 
some crows and seagulls present at the site.  No significant erosion or sedimentation were 
identified at the site.  There were no indications of animal damage, disease, trash, or vandalism.  
There was no wrack or organic material present at the site.  Some algae was present below the 
log step.  The log step appeared to be in good condition, although the anchors needed some 
minor tightening.  The goose exclusion grid was in good condition.  
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The surface soils were grayish-brown gravelly sand.  There was no indication of odor or sheen.  
Overall, there was no apparent site disturbance and no deficiencies in soil conditions were 
identified.   

 
The site had been planted in accordance with the approved planting plans.  A combination of 
American dunegrass and tufted hairgrass was planted in a 3-foot wide bench behind the log 
step at an elevation of approximately 13 feet MLLW.  It was noted during the inspection that the 
dunegrass was doing very well while the hairgrass had a fairly low survival rate.  Some invasive 
species including dandelions, clover, and butterfly bushes are present above the upland edge of 
the area.  Therefore, some weeding is needed, along with replacement of the hairgrass in spring 
2007. 

 
Photo Documentation – One permanent photo point was established at the location shown on 
Figure E-4 of the OMMP.  One photograph was taken at this point at a tidal elevation of 
approximately -1.24 feet MLLW.  A copy of the photograph can be found in Attachment A.  
Rebar was placed at the photo point location in July and the points were surveyed to allow for 
reproducibility in subsequent monitoring years. 
 
SUMMARY OF PRELIMINARY FINDINGS 
 
The primary purpose of the Year 0 monitoring event was to document that the habitat mitigation 
and enhancement sites were constructed and planted in accordance with the approved plans 
and that they are in an appropriate and healthy condition required for establishment.  In 
addition, this monitoring event provides documentation of the baseline conditions at the various 
sites.   
 
Very few follow-up actions were identified during this monitoring event.  Those that were 
identified were discussed in the sections above, and are summarized in Table 4.  The status of 
these follow-up actions will be discussed in the Baseline Monitoring Report.   
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Table 1 
Baseline Monitoring Activities 

 

 North Beach 
Habitat 

Middle Waterway 
Tideflat Habitat 

Puyallup River 
Side Channel 

Hylebos Creek 
Mitigation Site 

Thea Foss 
Enhancement 

Areas 

Qualitative Ground Survey x x x x x 

Photo Documentation x x x x x 

Quantitative Vegetation Monitoring      

Invertebrate Monitoring      

Elevation Monitoring x x x x  

Surface Water Elevation Sampling    x  

Brackish Marsh Salinity Monitoring  x    

Juvenile Salmonid Monitoring      

 



Table 2 
Middle Waterway Tideflat Habitat Salinity Monitoring Results (ppt) 

 

Location May 23, 
2006 

May 26, 
2006 

May 30, 
2006 

July  
2006 

August 
2006 

September 
2006 

BW1 17.2 9.3 9.8 2.9 2.0 U 11.6 

BW2 15.5 9.9 8.0 11.2 2.0 U 7.8 

BW3 N/A 18.8 15.8 3.6 2.0 U 27.9 

BW4 N/A 8.6 2.8 4.6 2.0 U 5.8 

BW5 16.5 5.2 2.0 N/A 2.0 U N/A 

BW6 13.4 8.5 7.1 3.1 14.7 24.2 

BMC1 N/A 24.4 32.2 22.0 27.3 31.7 

BMC2 N/A 27.7 28.0 32.8 12.3 26.0 

BMC3 N/A N/A 18.7 17.5 22.3 20.5 

 
U indicates that the analyte was not detected at or above the reported value.  
N/A in result means “not analyzed” due to insufficient liquid to analyze. 
 
 
 



Table 3 
Hylebos Creek Water Level Measurement Data 

 

Univariate Statistics  

Average 2.6 

Median 1.8 

Minimum 1.4 

Maximum 6.9 

Range 5.5 

Standard Deviation 1.4 

50th Percentile 1.8 

75th Percentile 3.6 

90th Percentile 4.9 

95th Percentile 5.4 

99th Percentile 6.2 

# of values > 2 13320 

# of Measurements 28482 

Percent of Values > 2 47% 

 



Table 4 
Summary of Preliminary Findings 

 

Site Corrective Action Tasks 

North Beach Habitat    

- minor repairs to the goose exclusion grid 

- minor weeding 

- replanting 

Middle Waterway Tideflat Habitat 
- minor repairs to the goose exclusion grids 

- removal of wood debris within goose exclusion 

Puyallup River Side Channel 
- minor weeding 

- trash removal 

Hylebos Creek Mitigation Site 

- minor weeding 

- repair of anchor on LWD 

- place additional LWD, small branches, and 
plant additional red alder per final site approval 
agreement 

Log Step Habitat Enhancement 
- minor weeding 

- tighten anchors on logs 

SR 509 Esplanade Riparian Habitat - minor weeding 

Head of Thea Foss Shoreline Habitat 

- minor repairs to the goose exclusion grid 

- minor weeding 

- replanting 

Johnny’s Dock Habitat Enhancement 
- survey to confirm elevation at top of planting 

- replanting of Tufted Hairgrass 
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North Beach Habitat 
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North Beach Habitat, elevation stake E1.  Photo taken July 13, 2006.
[IMG_0075]



North Beach Habitat, elevation stake E2.  Photo taken July 13, 2006.
[IMG_0076]



North Beach Habitat, elevation stake E3.  Photo taken July 13, 2006.
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North Beach Habitat, elevation stake E4.  Photo taken July 13, 2006.
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North Beach Habitat, elevation stake E5.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat 
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Middle Waterway Tideflat Habitat, elevation stake E1.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat, elevation stake E2.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat, elevation stake E3.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat, elevation stake E4.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat, elevation stake E5.  Photo taken July 13, 2006.
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Middle Waterway Tideflat Habitat, elevation stake E6.  Photo taken July 13, 2006.
[IMG_0092]



 
 
 
 
 
 
 
 

Puyallup River Side Channel 
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Puyallup River Side Channel, elevation stake E1.  Photo taken July 13, 2006.
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Puyallup River Side Channel, elevation stake E2.  Photo taken July 13, 2006.
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Puyallup River Side Channel, elevation stake E3.  Photo taken July 13, 2006.
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Puyallup River Side Channel, elevation stake E4.  Photo taken July 13, 2006.
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Puyallup River Side Channel, elevation stake E5.  Photo taken July 13, 2006.
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Puyallup River Side Channel, elevation stake E6.  Photo taken July 13, 2006.
[IMG_0085]



 
 
 
 
 
 
 
 

Hylebos Creek Mitigation Site 
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Hylebos Creek, elevation stake E1.  Photo taken July 13, 2006.
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Hylebos Creek, elevation stake E2.  Photo taken July 13, 2006.
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Hylebos Creek, elevation stake E3.  Photo taken July 13, 2006.
[IMG_0088]



Hylebos Creek, elevation stake E4.  Photo taken July 13, 2006.
[IMG_0089]



Hylebos Creek, elevation stake E5.  Photo taken July 13, 2006.
[IMG_0090]



Hylebos Creek, elevation stake E6.  Photo taken July 13, 2006.
[IMG_0091]



 
 
 
 
 
 
 
 

Johnny’s Dock Habitat Enhancement 
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Head of Thea Foss Shoreline Habitat 
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SR 509 Esplanade Riparian Habitat 
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Log Step Habitat Enhancement 
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Salinity Monitoring Data 
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 Appendix E – Habitat Mitigation Area Monitoring
 

Attachment E-2 
 

Response to Comments 
 
 

Annual Operations, Maintenance, and Monitoring Report – Year 0 
Appendix E Habitat Mitigation Area Monitoring.doc 
 



Comments on Thea Foss OMMP Preliminary Findings Memorandum - Baseline Habitat 
Monitoring, dated November 30, 2006: 
 
General:  As specified in Section 1.0 of the OMMP, the purpose of the Preliminary Findings 
Memorandum is to inform EPA of new monitoring results to facilitate decisions and/or 
contingency actions, if necessary.  Given the purpose of the Preliminary Findings Memorandum, 
EPA approval of the document is not a planned part of the process.  Therefore, we will 
incorporate responses to these comments in the Annual Monitoring Report, as appropriate.  
General responses to the comments are provided below. 
 
Comment 1. General.  Monitoring reports should be sent to all stakeholders for review and 
comment. 
 
Response:  The City intends to distribute the Annual Monitoring Report to the other review 
agencies as follows:  EPA (3), ACOE (2), USFWS (1), WDFW (1), Puyallup Tribe (1), DNR (1), 
Ecology (1) and NOAA (1).  In addition, reports will be sent to Simpson, the Utilities, and CHB.  
Please let us know if you have any changes to this distribution.  As stated above, the 
Preliminary Findings Memorandum is provided for informational purposes.  In the event that 
issues requiring followup are identified, the adaptive management/contingency planning 
procedures will be implemented and the specifics of the issue will be distributed to the broader 
group of reviewers. 
 
Comment 2.  General.  Recommend including created habitat acreages in the project 
description section for each site. 
 
Response:  A copy of the habitat acreage table from Section 6.0 of the OMMP will be included 
in the Annual Report. 
 
Comment 3.  General.  Include plan view drawings or annual aerial photos for 
each project site if available.  These should indicate locations of photo points, elevation stakes, 
and other relevant locations pertinent to the document.  This would provide context for the 
reader.  This would be particularly useful for locating the elevation stakes. 
 
Response:  These figures will be included in the Annual Report, and in the future will also be 
provided in the Preliminary Findings Memorandum.   
 
Comment 4.  General.  A summary table of performance criteria should be part 
of the monitoring report noting when criteria is or is not met. 
 
Response:  This Preliminary Findings Memorandum documents the baseline conditions at the 
site, and specific performance standards do not apply at this time (see Table 6-3 from the 
OMMP).  In future monitoring years, when specific performance standards apply a table will be 
included along with an indication as to whether or not the criteria was met.   
 
Comment 5.  General.  Stream flow (cfs) should be recorded for PRSC and 
Hylebos Creek sites at the time of monitoring survey (i.e.  x cfs at stream gage y on the 
Puyallup River).  This is important data that provides context to the photos.  For example, the 
sites will look different during a higher flow.  Alternatively, since monitoring occurs during the 
summer, criteria can be established requiring monitoring to be conducted when flows are below 
a certain level.  This will ensure monitoring is not done immediately after a storm or when the 
river is high, and that environmental conditions are consistent during each monitoring survey. 
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Response:  This data was not collected during this baseline monitoring event, but can be noted 
in future years during qualitative monitoring events. 
 
Comment 6.  Page 8, fifth full paragraph.  Discusses water surface elevation 
performance standard.  This is also discussed on page 10 stating that since the water surface is 
2 ft NGVD 47% of the time, the performance standard is met.  This is a misunderstanding of the 
purpose of this measurement and relationship to the performance criteria.  The relevant 
performance criteria is water depth, which is determined by measuring the water surface 
elevation and channel bottom elevation.  Water surface elevation (2 ft NGVD) minus channel 
bottom elevation (x NGVD) is equal to water depth at the site.  This calculation should be made 
and evaluated against the performance standard which is 2 ft of water depth at the site 30% of 
the time.  A presentation of surface water elevation by itself has no meaning for the site.  
Additional detail should describe the measurement interval and overall time period the water 
elevation measurements represent.  Are these all from 1 day?  Are they collected 12 times per 
day over 6 months? 
 
Response:  This issue is being discussed separately in the context of final comments on the 
OMMP.  The Annual Report will be modified accordingly upon final resolution. 
 
Comment 7.  Table 2.  A map indicating location of salinity monitoring points is needed. 
 
Response:  Figure E-6 in the OMMP, and Figure 6-2 in the Annual Report will show the 
locations of these points.  
 
Comment 8.  Table 3.  Should be modified for water depth.  See comment #6. 
 
Response:  See response to comment 6, above. 
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There were no addenda to the Health and Safety Plan during the reporting period.  However, for 
consistency in reporting, the structure of the Baseline OMMP Report, and subsequent annual 
reports will follow the outline of the OMMP.  This will provide consistent presentation and 
placement of information generated during the monitoring of remedial actions performed as part 
of the Thea Foss and Wheeler-Osgood Waterways Remediation Project.  Any future addenda to 
the Health and Safety Plan will be included in Appendix F of the applicable annual report. 
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DRAFT TECHNICAL MEMORANDUM 
To: Dave McEntee, Simpson Tacoma Land Co.  October 19, 2004 

From: Grette Associates, LLC File No.: 316-001 

Re: Simpson Middle Waterway Log Haul Facility: Pre-Operations (Baseline) Survey 

Introduction 

In order to construct the sediment containment facility for dredge materials from the Tacoma 
Thea Foss Waterway Remediation, the St Paul Waterway nearshore fill was designed and 
developed to include a containment berm within the St. Paul Waterway.  Before construction of 
the nearshore fill site could occur, several pre-construction projects were identified, including the 
relocation of the Simpson Kraft log haul-out facility.  This Memorandum describes underwater 
surveys conducted after the facility was completed and before log haul-out operations began.  
The survey was designed to document and characterize debris located beneath the facility and the 
log rafting area. 

 The log haul-out facility is located on the east1 side of the mouth of the middle waterway.  The 
facility consists of a ramp and rails extending from the waterway to the base of the haul road, 
and a 300-ft long float 125 ft north of the ramp and parallel to the shoreline (Figure 1).  A 
fabricated gangway spans from the shoreline to the float.  The float is fixed to several steel pile 
and is the eastern extent of the log rafting area.  A line of pile spaced approximately 40 ft apart 
runs parallel to the float 6 ft to the water ward side.  These pile extend another 300 ft northward 
beyond the end of the float (Figure 1).  Immediately south (landward) of the new log ramp there 
is a line of four pile extending perpendicular to shore that mark the southern extent of the 
facility.  

This memorandum summarizes observations from pre-operations (baseline) dive and shoreline 
surveys conducted by three biologists on April 20, 2004. 

Field Methods 

Field activities consisted of substrate characterizations surveys along underwater (SCUBA) 
transects parallel to the shore/log raft at 20-ft intervals and a walking shoreline survey at -1 ft 
MLLW. A measuring tape was extended perpendicular to shore along the axis of the four 
southern pile to mark the southern end of the diver transects.  This end of each transect was 
permanently marked with steel reinforced bar (rebar) stakes, painted orange and flagged with 
orange and yellow survey tape, placed at 20-ft intervals.  In order to capture effects from the 
proposed log rafting area, transects were set with the shallowest transect (Transect 1, 20 ft) 
shoreward of the float, one immediately water ward of the piles adjacent to the float (Transect 2, 
40 ft), and the remaining three in the waterway (Transects 3 [60 ft], 4 [80 ft] and 5 [100 ft]).  
Divers swam the first transect (2) together from north to south, and set a second measuring tape 

 
1 Cardinal directions refer to project N, S, E, and W, with the N/S axis parallel to the float and shoreline.  The 
northward compass bearing for transects was 30° west of north. 
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at the north end perpendicular to shore to temporarily mark that end of each transect.  Transects 
were approximately 875 ft in length (150 ft beyond of the last log-rafting pile).  Divers recorded 
general conditions along each transect, including substrate type, presence of wood or other 
debris, and vegetation (see attached data sheets). 

For the walking shoreline transect, a biologist walked the -1 ft MLLW contour (or deep enough 
to visually survey that contour) during low water for the sampling day.  The survey included the 
area from the four-pile line north to three pile from the end of the rafting area north of the float, 
where the -1 ft MLLW contour turns east and no longer runs parallel to the rafting pile (see 
Figure 1).  The same observations were recorded as for the diver surveys, including substrate 
type, presence of wood or other debris, and vegetation (see attached data sheet).  The contour 
was determined based on water depth relative to predicted tide height, e.g., predicted tide of 0.5 
ft MLLW resulted in identification of the -1 ft MLLW contour at a depth of 1.5 ft. 

 

Survey Observations 

Underwater Surveys 

Substrate along the first three transects from the south end of the study area to between four and 
five pile from the north end of the float can be generally characterized as large quarry spalls and 
riprap (Photo 1).  The segment between Transect 1 and the shore is more gravelly.  Transect 4 
marks the transition between the areas of very coarse substrate (quarry spalls/riprap) to the finer 
substrate (gravel/mud) typical of Transect 5, although quarry spalls are common along the initial 
100 ft of Transect 4.  North of the quarry spall/riprap area, substrate across all five transects is 
more typically fine sediment (mud, silt), with some gravel (Photo 2). 

One exception to these general substrate characteristics is the area immediately around the base of 
the log haul-out ramp, which is muddier but still has some riprap.  This area extends no further 
water ward than Transect 4 and no farther north than the beginning of the float.  Another 
exception is an area along Transect 2 from the 6th pile north of the end of the float to immediately 
north of the last pile, where there is a great deal of concrete rubble over the finer mud/silt 
sediment. 

In waterway cross-section, the substrate slopes steeply away from shore across Transects 1 to 3, 
and is flatter across Transects 4 and 5.  It also slopes somewhat toward the mouth of the 
waterway, particularly at the end of Transects 4 and 5.  At a finer resolution, the substrate is not 
uniformly flat, but generally is comprised of hummocks up to 4 ft high. 

Wood debris was observed along all five transects (Photos 3 & 4).  Generally, wood debris 
decreases away from shore, with significantly less wood (and other debris) on Transects 4 and 5.  
Wood debris included broken pile, pile stubs, processed wood waste, tree stumps, and bark.  
Dredge cuts were observed on Transects 1 and 3 where vertical walls left by the clamshell 
exposed thick areas of processed wood waste up to 50 ft in length.  A large area of wood waste 
approximately 20 ft long by 10 ft wide and 2 ft deep was observed on Transect 2; another area 
extended from the end of the float to the 2nd pile further north on Transect 1.  In this same area at 
least eight exposed pile stubs were observed.  There was also one very large section of pier 

Simpson Middle Waterway Log Haul Facility: Pre-Operations (Baseline) Survey 10/19/2004 
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decking immediately north of the last pile on this transect.  At least 15-20 broken pile, from 3 ft 
to >12 ft long, were observed on Transects 1 to 3.  Areas of bark up to 2 ft wide by 4 ft long were 
present but not common on Transects 1 to 3.  Sparse wood debris was present on Transects 4 and 
5.  A number of tires also were observed in the survey area. 

The underwater survey did not include quantitative observations of biota, but sea anemones 
(Metridium giganteium, others) and sea stars were present and distributed across much of the 
area, particularly on pile and very coarse substrate.  Starry flounder (Platichthys stellatus), 
English sole (Parophrys vetulus), and coon stripe shrimp (Pandalus danae) also were observed.  
Macroalgae was very sparse (Photo 4). 

Walking Survey (-1.0 ft MLLW) 

Between the transects and float ramp, immediately around the log haul-out ramp, the substrate was 
mostly quarry spalls with some silty sand or gravel.  There was no macroalgae, but some 
filamentous algae and a fine layer of silt.  Along the float, the substrate was mostly sand with 
sparse gravel and a fine layer of silt.  There generally was no macroalgae, although some 
Laminaria spp. was present lying on the substrate, mostly likely broken off of the float; fine, 
filamentous algae was present at -1 ft MLLW.  There was little or no wood waste along the log 
haul-out ramp or float, although a few individual, small pieces (<1 ft long) were observed.  No 
other debris was observed.  The slope dropped steeply below -1 ft MLLW along this section of the 
contour.  The substrate was generally coarser above the contour (gravelly sand), and finer below it 
(sand, silty sand).  The top of the beach in this area was armored with quarry spalls. 

North of the float the slope of the beach was much shallower, particularly above the -1 ft MLLW 
contour.  Substrate in this area was generally silty sand with sparse to common cobbles and gravel 
on top.  Further north there were also large pieces of quarry spalls or small riprap, as well as 
sparse abandoned cable or rebar.  There was more wood waste in this area, but it was not 
common.  Waste was generally processed wood less than 2 ft to 3 ft long.  Differences in 
substrate grain size above and below -1 ft MLLW were not as clear as in the steeper beach area 
near the float.  The walking survey terminated three pile from the end of the log rafting area, 
where the -1 ft contour bends east away from the rafting facility toward a large shallow area 
northeast of the float. 
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Photograph 1.  Riprap and quarry spalls typical of Transects 1-3 
 
 

 
Photograph 2.  Fine mud/silt substrate typical of Transect 5 and the northern portion of the study area. 
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Photograph 3.  Wood waste exposed by dredge cut. 

 

 
Photograph 4.  Wood waste and sparse macroalgae in the survey area 
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