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PA 1989), 
94) for pre-

ifference (ESD) 
on construction.  

with the OMMP is also in compliance with these documents.   

The OMMP establishes an integrated program designed to evaluate and ensure the 
 Objectives (RAO).  

nder 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. 
 

1.0 INTRODUCTION 
 
1.1 Purpose and Objectives of Operations, Maintenance, and Monitor
 
This document presents a summary of operations, maintenance, and monitorin
performed in 2008 for the Thea Foss and Wheeler-Osgood Waterways Remed
(Foss Project).  Operations, maintenance, and monitoring activities were perfor
2 throughout the waterways, at the confined disposal facility, and at the habitat
Foss Project site (Figure 1-1).  The work was performed in accordance with t
Maintenance, and Mo
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. E
Protection Agency (EPA).   
 
The OMMP describes the baseline and lon
to be completed at the site and sets forth specific performance standards for planne
activities to demonstrate that the long-term objectives for the project are met.  T
details the process for contingency planning and presents possible response a
event that performance standards are not achieved. 
 
Figure 1-2 shows the remedial actions completed by the City in the Thea Foss
Osgood Waterways.  The area in which the City performed remedial actions as
Project is identified as t
area at the head of the Thea Foss Waterway.  In this area, monitoring is b
Utilities in accordance with the Head of the Thea Foss Waterway Remed
Operations, Maintenance and Monitoring Plan (PacifiCorp 2003).  The City con
cooperatively with the Utilities work group to respond to the identified recontamin
in their work area. 
 
The OMMP was prepared in compliance with the Record of Decision (ROD) (E
Administrative Order on Consent (AOC) / Statement of Work (SOW) (EPA 19
remedial design investigation and remedial design, Explanation of Significant D
(EPA 1997), 2000 ESD, 2004 ESD, and the CD/SOW (EPA 2003) for remediati
The work completed in accordance 
 

effectiveness of the remedial actions relative to the project Remedial Action
Work being performed u
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nal language in the ROD states that the remedy was designed to incorporate the 

ery considerations are used to identify sediment remedial action levels that 
at require active 

applies to source control requirements.  Monitoring 
f source controls; 

incorporated as 
 of the overall project cleanup objectives. 

The OMMP was developed and results will be evaluated to ensure that the RAOs for the site 

are the 

ertidal capped areas 

f the cap in terms 
nges in cap thickness within the subtidal slope cap and 

mples to verify 

onitoring to evaluate 

t the Thea Foss and Wheeler-Osgood 
to clean, capped, and natural recovery areas to evaluate 

eeler-Osgood 
lonization; 

m conditions at 

d 

 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 and coordinated monitoring of the 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 

Additio
following: 

 
 Natural recov

delineate sediments that are allowed to recover naturally from those th
sediment cleanup; 

 The sediment quality objective also 
sources and sediments will be used to determine the effectiveness o
and 

 Habitat function and enhancement of fisheries resources will also be 
part

 

are achieved.   
 
1.2 Scope of the Year 2 Operations, Maintenance, and Monitoring Report 
 
The monitoring tasks and information comprising Year 2 and included in this report 
following: 
 
 Cap integrity monitoring through low tide slope cap inspections of int

to ensure that constructed caps remain intact; 

 Subtidal hydrographic survey of capped areas to assess the integrity o
of potential long-term cha
channel sand cap areas; 

 Cap area chemical performance monitoring and analysis of surface sa
compliance with performance criteria; 

 Natural recovery and enhanced natural recovery area chemical m
progress toward natural recovery; 

 Early warning chemical monitoring throughou
Waterways including dredged 
the potential for recontamination; 

 Benthic recolonization monitoring throughout the Thea Foss and Wh
Waterways to document and evaluate the success of the benthic reco

uarterly baseline monitoring of th Q e groundwater quality and cap and ber
the St. Paul Waterway Confined Disposal Facility (CDF);  

 Habitat mitigation area monitoring; an
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a Metals management of waste material in the Temporary 

P activities to be performed.   
  

g Report (Annual 
Report) will be prepared presenting the final, comprehensive information and data for monitoring 

ment any decisions 

Monitoring, and subsequent Annual Reports, 
follows the outline of the OMMP to provide a consistent presentation and placement of 

onitor remedial actions performed as part of the Foss Project. 

t: 

nitoring 

 for Recontamination 

 Section 5.0 – Confined Disposal Facility Monitoring 

d Activities 

pendices: 

ntegrity Monitoring 

mance Monitoring 

tion 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. 
 
 

o Tracking of Tacom
Containment Unit. (TCU). 

 
Table 1-1 summarizes the overall monitoring schedule for OMM

1.3 Organization of the Baseline and Subsequent Annual OMMP Reports 
 
For each monitoring year, an Annual Operations, Maintenance, and Monitorin

activities completed in the previous year.  The Annual Report will also docu
and/or contingency actions, planned or implemented. 
 
The structure of the Annual Report for Year 2 

information generated to m
 
The following topics are presented in the Annual Repor
 
 Section 1.0 – Introduction 

 Section 2.0 – Sediment Remediation Area Performance Mo

 Section 3.0 – Early Warning Monitoring

 Section 4.0 – Benthic Recolonization Monitoring 

 Section 6.0 – Habitat Mitigation Area Monitoring 

 Section 7.0 – Additional Project Relate
 
The Annual Report also includes the following ap
 
 Appendix A – Physical Cap I

 Appendix B – Sediment and Cap Perfor

 Appendix C – Benthic Recolonization Monitoring  

 Appendix D – Confined Disposal Facility Monitoring  

 Appendix E – Habitat Mitiga
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Table 1-1 
Monitoring Schedule 

Monitoring Year (Calendar Year) 

Activity 
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00

8)
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(2
01

4)
 

Y
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r 
9 

(2
01

5)
 

Y
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r 
10

 
(2

01
6)

 

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 Monitoring1  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 
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Monitoring Year (Calendar Year) 

Activity 
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Photo Documentation X X X  X   X   X 

Elevation Monitoring2,3 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 Includes visual observations of the containment berm and offset berm and the CDF cap.  In addition, photographs will be taken at North Beach photo 

points P-1 through P-5 at each baseline quarterly monitoring event to track the erosion which has occurred at the site. 
2 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. 
3 Note that 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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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.
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·  Base map generated from CAD drawings supplied by Walker
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   Department Figure E-1 (1995). Note: Outfalls monitored as part
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EDIATION AREA PERFORMANCE MONITORING 

ate the long-term 
ry remedies 

ler-Osgood 
sical inspection 

onitoring of the 
 cleanup criteria and 

 surface (0 to 10 cm) 
onfirm that natural 

ram includes the 
y data from 

very sampling 
ucting hydrographic surveys and low tide slope cap inspections. 

an (OMMP) (City 
formance monitoring is performed to achieve 

 physically and chemically, of 
n 

areas chemical concentrations will attenuate to 

016). 

are summarized below. 

 Area Performance Monitoring 

is to verify cap integrity and performance 
he cap 

in cap thickness 
  Cap area 
ical performance 

 
Cap integrity monitoring consists of low tide slope cap inspections and hydrographic surveys 

ned to verify the physical integrity of caps constructed as part of the Thea Foss and 
mediation 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 subtidal capped areas detect and evaluate long-term 
changes in cap thickness to ensure compliance with performance criteria and confirm that 
underlying contaminated materials are contained.   

2.0 SEDIMENT REM
 
2.1 Introduction  
 
Sediment remediation area performance monitoring is performed to evalu
effectiveness of sediment caps, enhanced natural recovery, and natural recove
implemented by the City of Tacoma (City) as part of the Thea Foss and Whee
Waterways Remediation Project.  Performance monitoring activities include phy
of capped areas to ensure that the engineered caps remain intact; chemical m
cap surface (0 to 10 cm) sediments to confirm continued compliance with
that the underlying contaminants are contained; and chemical monitoring of
sediments within natural recovery and enhanced natural recovery areas to c
recovery is occurring within the compliance period.  The monitoring prog
collection, analysis, and interpretation of physical and chemical sediment qualit
intertidal sampling locations, channel cap sampling locations, and natural reco
locations, and cond
 
As described in Section 2.0 of the Operations, Maintenance, and Monitoring Pl
of Tacoma 2006), sediment remediation area per
the following objectives: 
 
 Ensure sediment caps provide effective containment, both

contaminated underlying sediments, and provide a substrate that promotes colonizatio
by aquatic organisms; and 

 Confirm that within natural recovery 
below Sediment Quality Objectives (SQO) within the 0 to 10 cm compliance interval 
within 10 years of completion of remediation construction (i.e., by 2

 
The results of the Year 2 sediment remediation performance monitoring 
 
2.2 Cap
 
The purpose of cap area performance monitoring 
(through effective containment of the underlying contaminated sediments).  T
performance monitoring is designed to detect and evaluate long-term changes 
and surface sediment quality to ensure compliance with performance criteria.
performance monitoring includes cap integrity monitoring and cap area chem
monitoring. 
 
2.2.1 Cap Integrity Monitoring 

and is desig
Wheeler-Osgood Waterways Re
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 slope cap areas 
l Area (RA) 1B, RA 3, 

in the Wheeler-
lope cap 
tion Preliminary 

Findings Memorandum (City of Tacoma 2008) provided in Attachment A-1 in Appendix A and 
onditions for the intertidal portions of capped 

 portion of slope 
 19A, RA 19B, and RA 20 

n Lower Low Water (MLLW).  Additionally, a 
Area located in the 

P requires that low tide 
ducted during Years 0 (Baseline), 2, 4, 7, and 10.   

 the following observations: 

teristics (i.e., rip rap, quarry spalls, habitat mix, etc.); 

; 

x; 

cap; 

 debris on the cap surface;  

ntial contamination (i.e., sheen or staining) within the surface sediment; 

e underlying 

The Physical Cap Integrity Operations Manual presented in the OMMP includes more detailed 
requirements.   

Summary of Field Activities  
 
Year 2 low tide slope cap inspections were performed June 2–5, 2008, in RA 1B, RA 3, RA 8, 
RA 14, RA 19A, RA 19B, RA 20, and the Sheen Source Removal Area in the Wheeler-Osgood 
Waterway.  The low tide slope cap inspections were performed on the exposed shoreline 
portion of the slope caps in these areas when tidal elevations were at or below 0.0 feet MLLW.  

 
2.2.1.1 Low Tide Slope Cap Inspections 
 
Year 2 performance monitoring to evaluate the physical integrity of intertidal
consisted of performing low tide inspection of the slope caps in Remedia
RA 8, RA 14, RA 19A, RA 19B, RA 20, and the Sheen Source Removal Area 
Osgood Waterway in accordance with the OMMP.  The results of the low tide s
inspections are presented in the Year 2 Monitoring Low Tide Slope Cap Inspec

are summarized below to characterize the Year 2 c
areas and identify any areas needing maintenance.   
 
Summary of Low Tide Slope Cap Inspection Requirements 
 
Low tide slope cap inspections are to be performed on the exposed shoreline
caps (including grout mat caps) in RA 1B, RA 3, RA 8, RA 14, RA
when tidal elevations are at or below 0.0 feet Mea
low tide cap inspection is to be performed in the Sheen Source Removal 
Wheeler-Osgood Waterway in accordance with the OMMP.  The OMM
slope cap inspections be con
 
The inspections are to document
 
 Slope cap surface charac

 Area of slope cap coverage

 Presence/absence of habitat mi

 Any areas of exposed sediment due to washout of the slope 

 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

 Indicators of pote
and 

 Verification that grout mat slope cap areas are effectively containing th
contaminated sediments. 
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 of the slope 
line areas.  Figure 

ctions.  Baseline low 
tide slope cap inspections were performed in accordance with the Physical Cap Integrity 

ce sediment 

chemical analysis to monitor slope cap performance.  Slope cap performance monitoring field 
nalytical results are discussed below in Section 2.2.2.1.  The slope cap 

 inspections in the 
uiring further 

tion.  The detailed results of the baseline low tide slope cap inspections, including field 
 Monitoring Low 
hment A-1 in 

pection includes the 

tervals in RA 1B, 
, eight intervals in 
terval. 

 17 monitoring 
 where several 

ded to remove or 
to the already 

nnel, since placing a 
elow this area would likely encroach on the channel and potentially 

options for this area 

itoring interval 2), 
0 (monitoring 

l be monitored as part of subsequent low tide slope 
movement has 

monitoring interval 4 of RA 20, at Johnny’s Dock Marina.  Representatives of the 
Johnny’s Dock Marina were notified by the City on July 3, 2008, and asked to relocate 
the float away from the area where grounding on the cap was occurring.  Following 
notification, Johnny’s Dock Marina moved the float so that it is no longer grounded; this 
was confirmed in an inspection by the City.  

 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 
feet MLLW.  This is to be anticipated, and no action is necessary as a result of the 

Standardized field forms and photographs were used to document observations
caps at approximate 100-foot monitoring intervals along the designated shore
2-1 presents the monitoring interval locations for low tide slope cap inspe

Operations Manual presented in the OMMP.   
 
While low tide slope cap inspections were occurring, slope cap composite surfa
samples (0 to 10 cm) from the intertidal areas of the slope caps were also being collected for 

sampling activities and a
sampling locations are also included on Figure 2-1.   
 
Summary of Year 2 Findings 
 
This section presents a summary of the results of baseline low tide slope cap
Thea Foss and Wheeler-Osgood Waterways and identifies slope areas req
evalua
forms and photographs for each inspection interval, are presented in the Year 2
Tide Slope Cap Inspection Preliminary Findings Memorandum provided in Attac
Appendix A.  A summary of the findings from the low tide slope cap ins
following: 
 
 No disturbances to the cap were identified upon inspection of the five in

four intervals in RA 3, six intervals in RA 14, eleven intervals in RA 19A
RA 19B, ten intervals in RA 20, and the Sheen Source Removal Area in

 No disturbances to the cap were identified upon inspection of 16 of the
intervals in RA 8.  One area is present in monitoring interval 10 of RA 8
pilings are located at the surface of the capped area.  Further evaluation is being 
performed in this area to determine whether any repair actions are nee
confine the pilings.  Options for this area need further evaluation due 
steep slope of the shoreline and the proximity of the authorized cha
toe berm and cap b
block access to marina slips.  A separate memorandum evaluating 
is being prepared for submittal to EPA for review.     

 Small depressions are present at the surface of the cap in RA 8 (mon
RA 14 (monitoring interval 3), RA 19A (monitoring interval 2), and RA 2
interval 1).  These depressions wil
cap inspections to identify whether additional settlement or material 
occurred in these areas.   

 A float with a shed was observed to be grounded on the surface of the slope cap in 
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 chemical 
les from slope 
 to evaluate 

chemical concentrations and compliance with performance criteria.  The results from the 
ce monitoring are discussed below in Section 2.2.2.1.   

ped areas 
d of performing multibeam hydrographic surveys of subtidal capped areas in RA 1, RA 

reas are shown in 

The results of the Year 2 hydrographic survey are presented in the Year 2 Monitoring Subtidal 
ndum (City of Tacoma 2008) provided 

 Year 2 

 to verify cap integrity 
ment of the underlying contaminated sediments.  The 

te long-term 
drographic 

 areas to 
y changes in 

veys to evaluate 
erosional areas.  

pparent changes 
 survey data will 

where a contiguous region of the cap exhibits 

criteria for the long-term compliance of the sediment cap areas is to maintain a minimum cap 
hes or more of cap 

sponse action 
reas with a loss 
termine potential 

 
Summary of Field Activities and Reporting  

The Year 2 multibeam hydrographic survey was conducted by DEA on March 5-6, 2008, with 
additional quality control checks performed on March 7, 2008.  The objective of the Year 2 
multibeam survey was to obtain elevation data for subtidal capped areas, defined as the capped 
areas within RA boundaries extending up the shoreline to a target elevation of 0 feet MLLW.  
Intertidal slope caps placed along the shoreline at elevations above 0 feet MLLW are monitored 
by low tide slope cap inspections as described in the OMMP and Section 2.2.1.1 of this 

presence of sediment accretion and/or fines on slope caps.  Cap area
performance monitoring which includes collection and analysis of samp
cap areas was also performed in Year 2 in accordance with the OMMP

slope cap chemical performan
 

2.2.1.2 Subtidal Cap Hydrographic Survey  
 
Year 2 performance monitoring to evaluate the physical integrity of subtidal cap
consiste
3, RA 5, 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 accordance with the OMMP.  Subtidal hydrographic survey a
Figure 2-2. 
 

Cap Hydrographic Survey Preliminary Findings Memora
in Attachment A-2 in Appendix A and are summarized below to characterize the
conditions for the subtidal portions of capped areas. 
 
Summary of Subtidal Cap Hydrographic Survey Requirements  
 
The OMMP specifies that in Years 2, 4, 7, and 10 monitoring be performed
and performance to ensure contain
subtidal cap performance monitoring program is designed to detect and evalua
changes in cap thickness to ensure compliance with performance criteria.  Hy
surveys are to be performed in subtidal slope, grout mat, and channel sand cap
evaluate changes (scour/erosion or deposition) in cap thickness as indicated b
elevation over time.   
 
The hydrographic survey results are to be compared to previous monitoring sur
apparent changes in the cap elevation over time and to identify any potential 
Consolidation of underlying sediments will be considered in the evaluation of a
in cap thickness, especially during the early years of monitoring.  Hydrographic
be evaluated to identify whether there are areas 
greater than six inches of net erosion relative to previous surveys.  One of the performance 

thickness of three feet as per the Record of Decision (ROD).  A loss of six inc
thickness will trigger the evaluation of potential response actions.  A potential re
may include additional surveys or supplemental field inspections to delineate a
of more than one foot of cap material and to collect additional information to de
causes of the cap material loss, if needed.   
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horeline extent of 
e complete 

ks, and other 
ent and 

vey is provided in Attachment B of the Subtidal 
d in Attachment 

ormed using compatible methodology in accordance with the 
methods described in Attachment A-1 of the Physical Cap Integrity Operations Manual in 

anual 1110-2-

 SeaBat 8101 
stem records 

gle sonar ping with a 150° swath and with 15° roll bias to starboard.  
itioning System 
point located on 

board DEA’s 33-

ular to the waterway 
ctivities 

 to survey closer 
d” along tight 

ge possible.  
d with 15° 

 to the results of Year 2 
areas.  In RA 5, RA 6, RA 7A, RA 8, RA 9, RA 

8, RA 19A, RA 19B, RA 20, RA 21 and RA 22, multibeam surveys were 
e (2005/2006) and Year 2.  In RA 1 and RA 3, single beam surveys 

ed during Year 2.  

ap area within the 
iminary Findings 

Summary of Year 2 Findings 
 
This section presents a summary of the results of the Year 2 hydrographic survey, comparison 
of the baseline and Year 2 surveys, and identifies capped areas requiring further evaluation in 

ar 4 monitoring.  The detailed results of the hydrographic survey, including the hydrographic 
survey contractor report summarizing the equipment and procedures and transect line 
comparisons are presented in the Year 2 Monitoring Subtidal Cap Hydrographic Survey 
Preliminary Findings Memorandum provided in Attachment A-2 in Appendix A.  A summary of 
the findings from the Year 2 hydrographic survey includes the following: 
 

document.  Low tide slope cap inspections were also performed along the s
subtidal caps to supplement the hydrographic survey analysis in areas wher
hydrographic coverage is limited due to the presence of structures, marina doc
facilities.  The hydrographic survey contractor report summarizing the equipm
procedures used for the Year 2 hydrographic sur
Cap Hydrographic Survey Preliminary Findings Memorandum which is include
A-2 in Appendix A of this report. 
 
The hydrographic survey was perf

Appendix A of the OMMP and in accordance with the USACE Engineering M
1003, and subsequent manual revisions.   
 
Consistent with the baseline surveys, soundings were acquired with a Reson
multibeam bathymetric sonar using a frequency of 240 kilo hertz (kHz).  The sy
101 soundings in a sin
Accurate positioning was determined using a Trimble MS750 RTK Global Pos
(GPS) rover, located on the vessel with a base station positioned at a control 
the south side of the Wheeler-Osgood Waterway.  The survey was conducted a
foot vessel John B Preston.  
 
Multibeam data was collected by running lines both parallel and perpendic
for the length of the project.  Unlike the baseline hydrographic survey, construction a
were not occurring during the Year 2 survey and as a result the vessel was able
to the shoreline.  However, in many areas, the survey vessel had to be “walke
spaces between the shoreline and docks and floats to get the maximum covera
Very few areas were inaccessible.  For this survey, the sonar head was mounte
starboard angle to allow for maximum coverage of side slope areas.  
 
The following section presents the comparison of baseline survey results
hydrographic survey performed in subtidal cap 
14, RA 16, RA 17, RA 1
performed during baselin
were performed during baseline (2003) while multibeam surveys were perform
 
The Baseline and Year 2 bathymetric conditions are shown for each subtidal c
16 RAs in the Year 2 Monitoring Subtidal Cap Hydrographic Survey Prel
Memorandum provided in Attachment A-2 in Appendix A.  
 

Ye
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al slope, grout mat, and channel sand cap areas 

 procedures 
ey.  

baseline (post-construction) transect lines were used, where available, in 
id in evaluating cap 

graphic survey 
urvey coverage is 

vessels, floats or 
beam survey had to use wider sonar angles along the 

ess accurate readings.  
rvey coverage are 

ary to reach under 

evations are within six inches of the baseline 
ment. 

tion from 
ions are 

n identified that will 
ther changes in 
t decreases in the 
ut less than one 
line to Year 2 

  There are six 
urface elevation 

bed above as 
 five locations in 

 to Year 2 is greater 
uous, described 

e located in RA 1, RA 3, and RA 8.  These areas with small, 
se in the cap surface elevation from 

he baseline single beam surveys 
ecutive years of 
ill provide insightful 

information on any potential slope compaction or subsidence.  These two types of areas are 
further described in the Year 2 Monitoring Subtidal Cap Hydrographic Survey Preliminary 

dings Memorandum in Attachment A-2 in Appendix A.  These areas will be further evaluated 
in the Year 4 hydrographic survey analysis. 
 
2.2.1.3 Schedule of Subtidal Cap Integrity Monitoring Activities 
 
No supplemental low tide inspections or hydrographic surveys are required to characterize the 
Year 2 conditions in capped areas.  Cap integrity monitoring is scheduled to occur in 2010 as 

 Nearly complete coverage of the subtid
was achieved in the Year 2 hydrographic survey. 

 The Year 2 hydrographic survey was performed using equipment and
comparable to the baseline (2005/2006) multibeam hydrographic surv

 Single beam 
shoreline areas of limited baseline multibeam survey coverage to a
surface elevations. 

 Low tide slope cap inspections can be used to supplement the hydro
analysis in shoreline slope cap areas where baseline hydrographic s
limited due to the presence of structures, marina docks and facilities.  

 In shoreline slope areas that were inaccessible or blocked by large 
obstructions, the baseline multi
slopes and to reach under such obstructions, which can result in l
Variances identified in shoreline slope areas of limited baseline su
potentially due in part to the wider sonar angles that were necess
obstructions during the baseline survey. 

 In general, the Year 2 cap surface el
surface elevation and within the allowable accuracy of the survey equip

 There are limited locations where the decrease in the cap surface eleva
baseline to Year 2 is greater than six inches but less than one foot.  These locat
generally small, localized, and non-contiguous. 

 
Based on the Year 2 hydrographic survey work, two types of areas have bee
be further evaluated in the Year 4 hydrographic survey analysis to identify whe
the surface elevation are occurring.  These areas include:  1) those that exhibi
cap surface elevation from baseline to Year 2 that are greater than six inches b
foot; and 2) those that exhibit decreases in the cap surface elevation from base
that are greater than one foot but are small, localized, and non-contiguous.
localized yet continuous areas in three RAs where the decrease in the cap s
from baseline to Year 2 is greater than six inches but less than one foot, descri
type one.  These areas are located in RA 17, RA 19A, and RA 19B.  There are
three RAs where the decrease in the cap surface elevation from baseline
than one foot, however the areas are generally small, localized, and non-contig
above as type two.  These areas ar
localized, and non-contiguous points showing a decrea
baseline to Year 2 are potentially attributable to artifacts of t
compared to the multibeam surveys.  In the case of RA 1 and RA 3, two cons
multibeam surveys performed with comparable equipment and procedures w

Fin
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vities to be 
ap integrity 

g low tide inspections and hydrographic survey, is 
the OMMP. 

 

erm effectiveness 
ring activities 

structed caps to 
d materials are 

rmed in both the intertidal slope cap and channel 
he OMMP, cap performance monitoring is 

ance monitoring. 

s in RA 1B, RA 3, 
RA 19B, and RA 20 in accordance with the OMMP.  This is the first year 

following installation of the slope cap that slope cap composite samples were collected for 
nitoring are presented in the 

itoring Preliminary 
ppendix B and 

rements 

he intertidal 
vations are at or 

below 0.0 feet MLLW.  Slope cap areas are monitored using three-point composite surface 
e intertidal portion of the cap.  The slope cap 

MP for more detailed 

ed for chemical 
 cap inspections, 

which are summarized above in Section 2.2.1.1.  The slope cap chemical performance 
monitoring was performed in accordance with the Sediment Sampling Operations Manual 

sented in the OMMP.   
 
Sediment samples were collected from the slope cap areas in RA 1B, RA 3, RA 14, RA 19A, RA 
19B, and RA 20 and consist of composites comprised of discrete samples collected from three 
locations in each RA.  Two composite sediment samples, each comprised of three discrete 
samples each, were collected within RA 8, one from the north end of the RA (designated as 
08A) and one from the south end of the RA (designated as 08B).  The locations of the slope cap 

part of Year 4 cap area performance monitoring.  The schedule for OMMP acti
performed as part of the Foss Project is presented in Table 1-1.  The scope of c
monitoring to be conducted in Year 4, includin
the same as for Year 2 and is described in 

2.2.2 Cap Area Chemical Performance Monitoring 
 
Cap area chemical performance monitoring is designed to evaluate the long-t
of caps constructed as part of the Foss Project.  Chemical performance monito
consist of collection and analysis of surface samples (0 to 10 cm) from con
verify compliance with cleanup criteria and confirm that underlying contaminate
contained.  Cap performance sampling is perfo
sand cap areas.  As described in Section 2.0 of t
separated into baseline (Year 0) and long-term (Years 2, 4, 7, and 10) perform
 
2.2.2.1 Slope Cap Chemical Performance Monitoring  
 
Year 2 performance slope cap samples were collected from the intertidal area
RA 8, RA 14, RA 19A, 

analysis.  The results of the slope cap chemical performance mo
Year 2 Monitoring Sediment and Cap Performance and Early Warning Mon
Findings Memorandum (City of Tacoma 2008) included as Attachment B-1 in A
are also summarized below.  
 
Summary of Slope Cap Chemical Performance Monitoring Requi
 
As required by the OMMP, performance slope cap samples are collected from t
areas in RA 1B, RA 3, RA 8, RA 14, RA 19A, RA 19B, and RA 20 when tidal ele

sediment samples (0 to 10 cm) collected from th
monitoring analytical results are compared to the SQOs to evaluate compliance with 
performance criteria. 
 
Refer to the Sediment Sampling Operations Manual presented in the OM
requirements.   
 
Summary of Field Activities, Analyses, and Reporting  
 
Slope cap performance surface sediment (0 to 10 cm) samples were collect
analysis June 2-5, 2008.  The samples were collected during the low tide slope

pre
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ximately 0 feet and 
 any observed 

areas on the slope cap.  Figure 2-1 identifies the slope cap subsample 

A, the sample 
mbered south to north) of the discrete sampling 

signated by SC, 

d bowl.  Due to 
e material 

 gravel were not 
hs were taken to 

ent observations during the sampling.  The samples were submitted to the City laboratory 
of 

 organic 
ce with the 

OMMP.   

nce with 
mmary of the 

eas are presented below and 
he sediment 

 Table 2-1.  The detailed 
 for the 

ce and Early 
.   

Detected chemical concentrations did not exceed the SQOs in the slope cap samples collected 
ance monitoring with the exception of sample SC-08A-Y2.  The 

g) had an 
ed of a composite of 

 located at the north end of RA 8, adjacent to the Foss 
Harbor Marina (formerly the Foss Waterway Marina).  DEHP was detected in sample SC-20-Y2 
and the corresponding sample duplicate at or just below the SQO.  The remaining detected 
chemical concentrations in the slope cap samples were substantially less than the SQOs.   
 

mmary of Year 2 Findings 
 
A summary of the findings from the slope cap chemical performance monitoring includes the 
following:  
 

composite subsample stations were selected in the field to be between appro
-2 feet MLLW and to be generally evenly spaced along the RA, while targeting
sediment accumulation 
locations. 
 
The slope cap subsample locations were designated by SC, followed by the R
year, and then the number (D1, D2, or D3, nu
location (e.g., SC-01-Y2-D1).  The slope cap composite sample names are de
followed by the RA, the sample year (e.g., SC-01-Y2).   
 
The slope cap surface samples were collected using a stainless steel spoon an
the gravelly nature of the slope cap material, approximately 5 to 50 percent of th
collected at each subsample location was discarded as large rocks and
included in the sample composite.  Field forms were completed and photograp
docum
under approved sampling handling and chain-of-custody procedures for the analysis 
conventionals (i.e., total organic carbon and total solids), metals, semi-volatile
compounds (SVOCs), pesticides, and polychlorinated biphenyls (PCBs) in accordan

 
Data validation was performed on the laboratory analyses for the samples in accorda
the OMMP.  The qualifiers resulting from data validation are presented in the su
Year 2 slope cap surface sample analytical results provided in Table 2-1.    
 
Summary of Monitoring Results  
 
The analytical results from samples collected from the slope cap ar
are summarized in Table 2-1.  The results for the samples were compared to t
quality objectives (SQOs) to identify if there are any exceedences of the performance criteria.  
Concentrations that are greater than the SQOs are highlighted in red in
results of the low tide slope cap sampling, including field forms and photographs
samples, are presented in the Year 2 Monitoring Sediment and Cap Performan
Warning Monitoring Preliminary Findings Memorandum provided in Appendix B
 

as part of Year 2 perform
detected concentration of benzyl alcohol in sample SC-08A-Y2 (i.e., 93 μg/k
enrichment ratio (ER) of 1.3 times the SQO.  Sample SC-08A-Y2 is compris
material collected from the shoreline

Su
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lope cap surface 
 from RA 1B, RA 3, RA 14, RA 19A, RA 19B, and RA 20, and from the 

d of RA 8, had a 
chemical 
enzyl alcohol 
lf the SQO in 

ples including samples NR-12-Y2, EW-
12-Y2, NR-16-Y2, and EW-16-Y2.  The natural recovery performance monitoring sample 

ning monitoring 

luding sample 
ious sediment 

had very few 
xceed the SQO.  

 higher concentrations 
ther evaluation into 

“Evaluation of the 
ohol in Thea Foss 

izes the 
creased 

scusses the 
nzyl alcohol in Year 2 compared with previous 

baseline sediment sample data; the extraction method currently used by the City 
d relative to previous SVOC extraction 

ent samples using 
uation of the SVOC 

l memorandum is 

l Sand Cap Chemical Performance Monitoring 

es were collected 
 22 at a total of ten 

g are presented 
g Monitoring 

x B and are also 
summarized below.   
 
Early warning monitoring was also performed at nine of the channel sand cap monitoring 
stations during Year 2 activities to evaluate the potential for recontamination of the sediment 

rface in the Thea Foss and Wheeler-Osgood Waterways by the collection of recently 
deposited sediments represented by the 0 to 2 cm interval of the sediment column.  The results 
of these early warning monitoring samples and a comparison of the Year 2 early warning 
monitoring samples (0 to 2 cm) to the results of the Year 2 performance monitoring surface 
samples (0 to 10 cm) for channel sand cap is presented in Section 3.0 of this report. 
 

 The detected chemical concentrations did not exceed the SQOs in the s
samples collected
southern half of RA 8.     

 
 Slope cap composite sample SC-08A-Y2, collected from the north en

detected benzyl alcohol concentration greater than the SQO.  All other 
concentrations were substantially less than the SQOs in this sample.  B
was either not detected or detected at a concentration less than one-ha
adjacent natural recovery and early warning sam

results are discussed in further detail in Section 2.3 and the early war
sample results are discussed in further detail in Section 3.0.   

 
 Elevated benzyl alcohol detections in the Year 2 sediment samples, inc

SC-08A-Y2, are anomalous relative to previous sampling events.  Prev
sampling events on the Thea Foss and Wheeler-Osgood Waterways 
detections of benzyl alcohol and the detected concentrations did not e
In Year 2, sediment samples tended to have more detections and
of benzyl alcohol.  As a result, the City laboratory has conducted fur
these benzyl alcohol detections.  A technical memorandum titled, 
detection and extraction methods used for the analysis of benzyl alc
Waterway OMMP sediment samples” has been prepared which summar
evaluation of several factors that could have potentially resulted in the in
detection of benzyl alcohol in Year 2.  Specifically, this memorandum di
detections and concentrations of be

laboratory and potential artifacts of this metho
procedures; the results of a re-analysis of benzyl alcohol Year 2 sedim
various EPA-approved extraction methods; and the results of an eval
analysis surrogate standards and potential interference.  This technica
included in Appendix B as Attachment B-2.    

 
2.2.2.2 Channe
 
Year 2 performance channel sand cap surface sediment (0 to 10 cm) sampl
from RA 1A, RA 6, RA 9, RA 16, RA 17, RA 19A, RA 20, RA 21, and RA
stations.  The results of the channel sand cap chemical performance monitorin
in the Year 2 Monitoring Sediment and Cap Performance and Early Warnin
Preliminary Findings Memorandum included in Attachment B-1 in Appendi

su
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irements 

clude RA 1A, 
 caps are 
 the cap surface.  

ared to the SQOs as well as baseline monitoring 
ted in the 2003 

 
anual presented in the OMMP for more detailed 

ere collected 
ys.  Natural 
0 cm) samples, 

cussed in Section 
ccurred May 27-

oss Waterway (north of 
west of Station 11+00).  

he south end of 
eeler-Osgood 

nd cap sampling 

he OMMP.   

en grab sampler.  
 number, 

and then the sample year (e.g., CC-01-Y2).  Sample collection forms and photographs 
ing events.   

ampling handling and 
s for the analysis of conventionals (i.e., total organic carbon and total 

solids), metals, semi-volatile organic compounds (SVOCs), pesticides, and polychlorinated 

cordance with 

able 2-2.    

Summary of Monitoring Results 
 

e analytical results from samples collected from the channel sand cap areas are presented 
below and are summarized in Table 2-2.  The results for the samples were compared to the 
SQOs to identify if there are any exceedences of the performance criteria.  Concentrations that 
are greater than the SQOs are highlighted in red in Table 2-2.  The detailed results of the Year 2 
channel sand cap sampling, including field forms and photographs for the samples, are 
presented in the Year 2 Monitoring Sediment and Cap Performance and Early Warning 
Monitoring Preliminary Findings Memorandum provided in Appendix B.   

Summary of Channel Sand Cap Chemical Performance Monitoring Requ
 
Remedial Areas where performance channel sand cap samples are collected in
RA 6, RA 9, RA 16, RA 17, RA 19A, RA 20, RA 21, and RA 22.  Channel sand
monitored using discrete surface sediment samples (0 to 10 cm) collected from
The cap monitoring analytical results are comp
results that consist of the post-construction confirmation sampling results presen
and 2006 Remedial Action Construction Reports (RACR). 

Refer to the Sediment Sampling Operations M
requirements.   

Summary of Field Activities, Analyses, and Reporting 
 
Ten channel sand cap performance surface sediment (0 to 10 cm) samples w
during two monitoring events on the Thea Foss and Wheeler-Osgood Waterwa
recovery and enhanced natural recovery performance surface sediment (0 to 1
discussed in Section 2.3, and early warning (0 to 2 cm) sediment samples, dis
3.0, were also collected during these two monitoring events.  The first event o
29, 2008, and sampling was conducted at the north end of the Thea F
Station 43+00) and at the west end of the Wheeler-Osgood Waterway (
The second event occurred June 23-24, 2008, and sampling was conducted at t
the Thea Foss Waterway (south of Station 43+00) and at the east end of the Wh
Waterway (east of Station 11+00).  Figure 2-3 identifies the channel sa
locations.  The channel sand cap chemical performance monitoring was performed in 
accordance with the Sediment Sampling Operations Manual presented in t
 
The channel sand cap samples were collected using a vessel deployed Van Ve
Channel sand cap samples were designated by CC, followed by the sample station

documenting activities and observations were prepared during the two sampl
 
The samples were submitted to the City laboratory under approved s
chain-of-custody procedure

biphenyls (PCBs) in accordance with the OMMP.   
 
Data validation was performed on the laboratory analyses for the samples in ac
the OMMP.  The qualifiers resulting from data validation are presented in the summary of the 
Year 2 channel sand cap surface sample analytical results provided in T
 

Th
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d during Year 2 
ot exceed the SQOs in eight of the 

hat were collected including: 

n RA 9; 

 the border of RA 16 and RA 17; 

n RA 17; 

 19A; 

 Sample CC-30-Y2, located in RA 21; 

ions in these samples were generally less than one-half the SQO with 
ted at a concentration 

ple CC-33-Y2.  Samples 
a in the Thea 

eno(1,2,3-
e SQO 

atios for the PAHs 
 2.4.  This sample 

ll 230.   

s greater than the 
e City’s work area 
 ER of 1.8 and 

in this sample. 

cap sample 
eline samples 
ed as part of 

6, which are 
presented in further detail in the 2003 and 2006 Remedial Action Construction Reports (RACR).  
Tables 6 through 15 in the Year 2 Monitoring Sediment and Cap Performance and Early 
Warning Monitoring Preliminary Findings Memorandum provided in Attachment B-1 in Appendix 

present the channel sand sample baseline and Year 2 sample comparisons.   
 
In general, the baseline channel sand cap samples were non-detect for many of the chemicals 
analyzed, and those chemicals that were detected were found at concentrations at or less than 
one-tenth of the SQO.  These low chemical concentrations are representative of the fact that the 
source of material used for the channel sand cap was native pit run (sand and gravel obtained 

 
Ten channel sand cap surface samples (0 to10 cm) were collected and analyze
monitoring activities.  Detected chemical concentrations did n
channel sand cap surface samples t
 
 Sample CC-01-Y2, located in RA 1A; 

 Sample CC-18-Y2, located i

 Sample CC-26-Y2, located on

 Sample CC-27-Y2, located i

 Sample CC-29-Y2, located in RA

 Sample CC-31-Y2, located in RA 20; and  

 Sample CC-33-Y2, located in RA 22.   
 
The detected concentrat
the exception of bis(2-ethylhexyl)phthalate (DEHP).  DEHP was detec
approaching the SQO in sample CC-31-Y2 and was at the SQO in sam
CC-31-Y2 and CC-33-Y2 are located at the southern end of the City’s work are
Foss Waterway.  
 
Sample CC-23-Y2 had detected concentrations of benzo(g,h,i)perylene, ind
cd)pyrene, DEHP, and benzyl alcohol that were greater than the SQOs.  Thes
exceedences ranged from less than 1.1 to 2.4 times the SQOs.  Enrichment r
were less than 1.1, while the ER for benzyl alcohol was 1.8 and for DEHP was
is located in the western portion of RA 6, near City Outfa
 
Two chemicals, phenanthrene and DEHP, were detected at concentration
SQOs in sample CC-32-Y2, located in RA 19A in the southwest portion of th
in the Thea Foss Waterway.  DEHP was detected at a concentration with an
phenanthrene was detected at a concentration with an ER of approximately 1.1 
 
Summary of Channel Sand Cap Analytical Results Comparisons 
 
In accordance with the OMMP, Year 2 performance monitoring channel sand 
results were compared to baseline channel sand cap sample results.  The bas
used for this comparison are the surface samples (0 to 10 cm) that were collect
post-construction confirmation sampling that occurred between 2003 and 200

B, 
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ed immediately after the material was placed 

creased 
ver, eight of the ten 

eight samples, five 
s for all detected 

n the Summary of Monitoring Results section above, Year 2 channel 
sand cap samples CC-23-Y2 and CC-32-Y2 had some low level SQO exceedences.   

ance monitoring 
pling results to the co-

d Year 2 early warning sample (0 to 2 cm) results refer to Section 3.0 on Early Warning 

rief summary of 
so provided 

shows that 
urface samples (0 

m the baseline 
 the capping material 
urce.   

etected chemical concentrations did not exceed the SQOs in the Year 2 channel 
26-Y2, CC-27-Y2, 

etected at 
itoring surface 

 samples 
QO exceedences 

nitoring surface 
fall 230, were 

R 1.07), 
 (ER 1.78).  The 
e four SVOCs, 

ted concentrations in the 
ples collected in 

the adjacent dredge to clean area in RA 6 (samples EW-21-Y2, EW-22-Y2, and EW-24-
Y2) and the slope cap performance monitoring sample from the south end of RA-8 
(sample SC-08B-Y2) did not have chemical concentrations greater than the SQOs.  The 
City continues to monitor sediment and stormwater from Outfall 230.  For additional 
information on the City’s stormwater source control efforts at Outfall 230, refer to Section 
7.3.  DEHP exceedences in the sediments are discussed further in Section 7.3 and 7.4.  
In addition, as described above, additional evaluation has been performed on the 
increased frequency of detections of benzyl alcohol in sediments in Year 2.  A 
memorandum summarizing that evaluation is included in Attachment B-1 in Appendix B.  

from a quarry) and baseline samples were collect
as cap in the Thea Foss and Wheeler-Osgood Waterways.   
 
By Year 2, all of the channel sand cap performance monitoring samples had in
concentrations relative to the concentrations in baseline samples.  Howe
Year 2 samples had detected concentrations below the SQOs, and of these 
had chemical concentrations less than approximately one-half the SQO
constituents.  As stated i

 
Summary of Year 2 Findings 
 
A summary of the findings from the Year 2 channel sand cap chemical perform
is included below.  For a comparison of the Year 2 channel sand cap sam
locate
Monitoring for Recontamination which helps evaluate the potential for recontamination of 
remediated areas within the Thea Foss and Wheeler-Osgood Waterways.  A b
the early warning samples co-located with the channel sand cap samples is al
below.     
 
 The comparison of baseline and Year 2 performance monitoring samples 

there has been a general increase in the chemical concentrations in s
to 10 cm) collected from channel sand cap areas identified above fro
monitoring event to Year 2 monitoring.  This was expected since
placed during construction was native material from an upland so

 
 The d

sand cap surface samples (0 to 10 cm) CC-01-Y2, CC-18-Y2, CC-
CC-29-Y2, CC-30-Y2, CC-31-Y2, and CC-33-Y2.  Only DEHP was d
concentrations approaching or at the SQO in the compliance mon
samples at two of these locations.  Two of the co-located early warning
associated with channel sand samples CC-31-Y2 and CC-33-Y2 had S
for DEHP. 

 
 The chemical concentrations in channel sand cap performance mo

sample CC-23-Y2, located in the western portion of RA 6 near City Out
greater than the SQOs for four SVOCs including benzo(g,h,i)perylene (E
indeno(1,2,3-cd)pyrene (ER 1.03), DEHP (ER 2.38), and benzyl alcohol
corresponding early warning sample also had SQO exceedences for th
plus one additional SVOC, dibenzo(a,h)anthracene.  The eleva
channel sand cap area appear to be localized as the early warning sam
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s warranted at 
hannel sand cap location in RA 6 will be monitored again as part of Year 

f RA 19A and 
 (ER 1.07) and 
ly warning sample 

ns greater than the 
t CC-32-Y2 appear 

ples and early 
9-Y2/EW-29-Y2, 

) did not have 
rea is likely a 

ea within the Thea Foss Waterway that is a result of installation of the 
sheet pile wall.  DEHP exceedences are discussed further in Section 7.0.  Based on 

ears warranted at this time.  
s part of Year 4 

es 

racterize Year 2 
chemical performance monitoring, including 

nd cap material and from 
slope caps, is schedule to occur in 2010 as part of Year 4 cap area performance monitoring.  

t is presented in 
 Year 4 is the 

nitoring 

 is designed to verify 
ithin the allowed 

nitoring 
consists of the collection and analysis of 14 surface samples (0 to 10 cm) from natural recovery 

nds to determine 
  Additionally, 
ery and slope 
overy and 

sented in the Year 2 
Monitoring Sediment and Cap Performance and Early Warning Monitoring Preliminary Findings 
Memorandum included as Attachment B-1 in Appendix B and are also summarized below.   
 

rly warning monitoring was also performed at 13 of the 14 natural recovery and enhanced 
natural recovery monitoring stations during Year 2 activities to evaluate the potential for 
recontamination of the sediment surface in the Thea Foss and Wheeler-Osgood Waterways by 
the collection of recently deposited sediments represented by the 0 to 2 cm interval of the 
sediment column.  The results of these early warning monitoring samples and a comparison of 
the Year 2 early warning monitoring samples (0 to 2 cm) to the results of the Year 2 

Based on these results, no supplemental monitoring of this area appear
this time.  The c
4 OMMP monitoring.   

 
 Channel sand cap surface sample CC-32-Y2, located at the south end o

the Thea Foss Waterway had detected concentrations of phenanthrene
DEHP (ER 1.77) that were greater than the SQOs.  The co-located ear
had these chemicals and additional SVOCs detected at concentratio
SQOs.  The elevated concentrations in the channel sand cap area a
to be relatively localized as the compliance monitoring surface sam
warning samples collected in the adjacent cap areas (samples CC-2
CC-30-Y2/EW-30-Y2, CC-31-Y2/EW-31-Y2, and CC-33-Y2/EW-33-Y2
similar chemical concentrations or exceedences of the SQOs.  This a
depositional ar

these results, no supplemental monitoring of this area app
The channel sand cap location in RA 19A will be monitored again a
OMMP monitoring.   

 
2.2.2.3 Schedule of Cap Area Chemical Performance Monitoring Activiti
 
No additional cap area chemical performance monitoring is required to cha
conditions in capped areas.  The next cap area 
collection and analysis of samples from areas capped with channel sa

The schedule for OMMP activities to be performed as part of the Foss Projec
Table 1-1.  The scope of cap area performance monitoring to be conducted in
same as for Year 2 and is described in the OMMP. 
 
2.3 Natural Recovery and Enhanced Natural Recovery Performance Mo
 
Natural recovery and enhanced natural recovery performance monitoring
that surface sediments in natural recovery areas satisfy performance criteria w
10-year time frame.  Natural recovery and enhanced natural recovery performance mo

and enhanced natural recovery areas to evaluate chemical concentration tre
whether natural recovery is likely to be achieved within the compliance period.
three slope surface samples (0 to 10 cm) were collected from the natural recov
rehabilitation in the Wheeler-Osgood Waterway.  The results of the natural rec
enhanced natural recovery chemical performance monitoring are pre

Ea
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) for the natural recovery and enhanced 

Summary of Natural Recovery and Enhanced Natural Recovery Performance Monitoring 

rt of the OMMP 
e area north of 

erway located 
 an area located east 

rom Stations 41+50 to 
y comprising RA 10, 

ng the 
 OMMP.   

ecovery is monitored using discrete surface sediment samples collected from the 
d Wheeler-
nitor natural 

e Wheeler-Osgood 

 compared 
 compliance with 
line natural 

recovery and enhanced natural recovery sampling data from Year 0 combined with existing 
s to establish a 

sive baseline for natural recovery areas.  The baseline monitoring results are 
valuate trends in chemical concentrations to 

very, and natural recovery/slope rehabilitation 
-year time frame. 

P for more detailed 

t (0 to 10 cm) 
ea Foss and 
t (0 to 10 cm) 

 sediment (0 to 2 cm) samples, 
discussed in Section 3.0, were also collected during these two monitoring events.  The first 
event occurred May 27-29, 2008, and sampling was conducted at the north end of the Thea 
Foss Waterway (north of Station 43+00) and at the west end of the Wheeler-Osgood Waterway 

est of Station 11+00).  The second event occurred June 23-24, 2008, and sampling was 
conducted at the south end of the Thea Foss Waterway (south of Station 43+00) and at the east 
end of the Wheeler-Osgood Waterway (east of Station 11+00).  Figure 2-3 identifies the natural 
recovery and enhanced natural recovery sampling locations.  The natural recovery and 
enhanced natural recovery chemical performance monitoring was performed in accordance with 
the Sediment Sampling Operations Manual presented in the OMMP.   
 

performance monitoring surface samples (0 to 10 cm
natural recovery areas is presented in Section 3.0 of this report. 
 

Requirements 
 
Natural recovery and enhanced natural recovery areas that are monitored as pa
in Year 2 include the northern portions of RA 5 and RA 6, all of RA 7, most of th
the 11th Street Bridge to Station 20+00, the head of the Wheeler-Osgood Wat
between RA 12 and RA 13, an area east of RA 16 and north of RA 15, and
of RA 5 near the mouth of the Wheeler-Osgood Waterway extending f
46+50 (Figure 2-3).  Additionally, slopes in the Wheeler-Osgood Waterwa
RA 11, and RA 13 were designated for slope rehabilitation and natural recovery duri
Remedial Design phase of the project and are also monitored as part of the
 
Natural r
natural recovery and enhanced natural recovery areas within the Thea Foss an
Osgood Waterways.  Composite surface sediment samples are collected to mo
recovery from the three natural recovery/slope rehabilitation areas within th
Waterway.   
 
The natural recovery and enhanced natural recovery monitoring analytical results are
to the SQOs as well as baseline monitoring results to evaluate progress toward
performance criteria.  Baseline monitoring results consist of supplemental base

post-construction sediment sample results collected in the natural recovery area
comprehen
compared to the Year 2 monitoring results to e
identify if natural recovery, enhanced natural reco
areas have satisfied or will satisfy performance criteria within the allowed 10
 
Refer to the Sediment Sampling Operations Manual presented in the OMM
requirements.   
 
Summary of Field Activities, Analysis, and Reporting  
 
Natural recovery and enhanced natural recovery performance surface sedimen
samples were collected at 14 locations during two monitoring events on the Th
Wheeler-Osgood Waterways.  Channel sand cap performance surface sedimen
samples, discussed in Section 2.2.2.2, and early warning

(w



 Section 2.0 – Sediment Remediation Area Performance Monitoring

 

Annual Operations, Maintenance, and Monitoring Report – Year 2 
Section 2.0 Sediment Remediation Area Performance Monitoring 

Page 2-15 

 

sing a vessel 
very samples 

NR-06-Y2).  Sample collection forms and photographs documenting activities and observations 

itation shoreline 
lected on May 23, 
ere composites 

 RA.  The natural 
ed by SR, followed by the RA, 

 location (e.g., 
es are 

 and bowl.  Due to the gravelly nature 
aterway, a portion of 

 and gravel were 
s documenting 

 rehabilitation 
pling handling and 
nic carbon and total 

i-volatile organic compounds (SVOCs), pesticides, and polychlorinated 
biphenyls (PCBs) in accordance with the OMMP.   

accordance with 

le analytical results 

The analytical results from samples collected from the natural recovery and enhanced natural 
he results for the 

 of the 
hlighted in red in 
 natural recovery 
ted in the Year 2 

Monitoring Sediment and Cap Performance and Early Warning Monitoring Preliminary Findings 
Memorandum provided in Attachment B-1 in Appendix B.   
 

tural Recovery Area North of 11

The natural recovery and enhanced natural recovery samples were collected u
deployed Van Veen grab sampler.  Natural recovery and enhanced natural reco
were designated by NR, followed by the sample station number, and then the sample year (e.g., 

were prepared during the two sampling events.  
 
Surface sediment (0 to 10 cm) samples of the natural recovery/slope rehabil
areas (RA 10, RA 11, and RA 13) in the Wheeler-Osgood Waterway were col
2008, when tidal elevations were at or below 0.0 feet MLLW.  The samples w
comprised of subsamples collected from three discrete locations in each
recovery/slope rehabilitation subsample locations were designat
the sample year, and then the number (D1, D2, or D3) of the discrete sampling
SR-10-Y2-D1).  The natural recovery/slope rehabilitation composite sample nam
designated by SR, followed by the RA and the sample year (e.g., SR-10-Y2).  
 
The samples were collected using a stainless steel spoon
of the surface sediments on the shoreline slopes in the Wheeler-Osgood W
the material collected at each subsample location was discarded as large rocks
not included in the sample composite.  Sample collection forms and photograph
activities and observations were prepared during this sampling event. 
 
The natural recovery, enhanced natural recovery, and natural recovery/slope
shoreline samples were submitted to the City laboratory under approved sam
chain-of-custody procedures for the analysis of conventionals (i.e., total orga
solids), metals, sem

 
Data validation was performed on the laboratory analyses for the samples in 
the OMMP.  The qualifiers resulting from data validation are presented in the summary of the 
Year 2 natural recovery and enhanced natural recovery surface samp
provided in Table 2-3.    
 
Summary of Monitoring Results 
 

recovery areas are presented below and are summarized in Table 2-3.  T
samples were compared to the SQOs to identify if there are any exceedences
performance criteria.  Concentrations that are greater than the SQOs are hig
Table 2-3.  The detailed results of the Year 2 natural recovery and enhanced
sampling, including field forms and photographs for the samples, are presen

Na th Street Bridge – Five of the six sample stations in the 
natural recovery area north of the 11th Street Bridge in the Thea Foss Waterway (i.e., samples 
NR-06-Y2, NR-07-Y2, NR-08-Y2, NR-09-Y2, and NR-10-Y2) had detected chemical 
concentrations less than the SQOs.  In the sixth sample, NR-11-Y2 collected from the natural 
recovery area north of the 11th Street Bridge, only DEHP was detected at a concentration 
greater than the SQO, with an ER of 1.2.  In addition, benzyl alcohol was not detected at the 



 Section 2.0 – Sediment Remediation Area Performance Monitoring

 

Annual Operations, Maintenance, and Monitoring Report – Year 2 
Section 2.0 Sediment Remediation Area Performance Monitoring 

Page 2-16 

 

., 90 μg/kg) in sample NR-06-Y2, but the detection limit was just above the detection limit (i.e
SQO (i.e., 73 μg/kg).   
 
Natural Recovery Area Immediately South of 11th Street Bridge – Detected ch
concentrations did not exceed the SQOs in the three natural recovery surfac
NR-12-Y2, NR-13-Y2, and NR-14-Y2, collected south and adjacent to the 11

emical 
e samples, samples 

 Street Bridge in 
nd NR-13-Y2 had detected DEHP 

R-13-Y2 had a detected 

ral Recovery Area in RA 7

th

the Thea Foss Waterway.  However, samples NR-12-Y2 a
concentrations that were at the SQO (i.e., 1,300 μg/kg) and sample N
benzyl alcohol concentration that was also at the SQO (i.e. 73 μg/kg).   
 
Enhanced Natu  – Detected chemical concentrations were 

hanced natural 

 

substantially less than the SQOs in sample NR-16-Y2, collected from the en
recovery area located south of the 11th Street Bridge on the west side of the Thea Foss 
Waterway in RA 7.   

Natural Recovery Area at the Mouth of the Wheeler-Osgood Waterway – Det
concentrations were less than the SQOs in sample NR-17-Y2, collected from th
recovery area located at the mouth of the Wheeler-Osgood Waterway.   
 

ected chemical 
e natural 

good WaterwayNatural Recovery Area at Head of the Wheeler-Os  – Two natural recovery 

ally less than the 
bstantially less than 

 detected 

terway

surface samples, samples NR-19-Y2 and NR-20-Y2, were collected from near the head of the 
Wheeler-Osgood Waterway.  Detected chemical concentrations were substanti
SQOs in sample NR-19-Y2.  Detected chemical concentrations were also su
the SQOs in sample NR-20-Y2 with the exception of DEHP.  The DEHP concentration
in sample NR-20-Y2 was approximately 1.9 times the SQO.   
 
Natural Recovery/Slope Rehabilitation Shoreline on the Wheeler-Osgood Wa  – Detected 

ilitation sample 
od Waterway.  

ler-Osgood 
y 5.5.  The 

ubstantially less than 
Os.  Slope rehabilitation sample SR-10-Y2 and its sample duplicate (i.e., SR-10-Y2-2) 

 Waterway.  The 
 greater than the 

tration corresponding to 
e parent and 

g that PCBs were 
hin the sediment 

matrix.     
 
Natural Recovery Area Adjacent to RA 15 and RA 16

chemical concentrations were substantially less than the SQOs in slope rehab
SR-11-Y2, collected from the shoreline on the south side of the Wheeler-Osgo
Slope rehabilitation sample SR-13-Y2, collected from the head of the Whee
Waterway, had a DEHP concentration corresponding to an ER of approximatel
detected concentrations for all other chemicals in sample SR-13-Y2 were s
the SQ
were collected from the shoreline on the north side of the Wheeler-Osgood
parent sample (i.e., SR-10-Y2) did not have detected chemical concentrations
SQOs.  In the duplicate sample, total PCBs were detected at a concen
an ER of approximately 1.7.  The remaining detected concentrations in both th
duplicate sample were similar, and substantially less than the SQOs, indicatin
likely present in a subcomponent of the sample and not homogeneous wit

 – Seven chemicals were detected at 
concentrations greater than the SQOs in sample NR-25-Y2 collected from the natural recovery 

a located east of RA 16 and north of RA 15.  The chemicals include phenanthrene, 
fluoranthene, pyrene, total high molecular weight polynuclear aromatic hydrocarbons (total 
HPAH), buytl benzyl phthalate, DEHP, and total PCBs.  The concentrations of these chemicals 
were all below two times the SQOs, with enrichment ratios ranging from 1.0 to 1.9. 
 

are
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f Natural Recovery and Enhanced Natural Recovery Analytical Results 

 and enhanced 
covery and enhanced 

 collected during 
ys.   

rised of a combination 
ples.  Post-

005 were used 
 Additional 
 the 2006 

 surface samples (0 to 10 
cm) were collected in 2006 within designated natural recovery and enhanced natural recovery 

onstruction data 
es were used as 

The RI samples used for this comparison are surface sediment (0 to 10 cm) samples collected 
le was selected for 

were selected for 

ween these two RI stations.  

 Warning 
ppendix B, 

ar 2 natural recovery sample concentrations to both baseline and 

line samples 
pling performed in 2006.  Tables 30 through 32, 

pe rehabilitation sample 

Summary o
Comparisons 
 
In accordance with the OMMP, Year 2 performance monitoring natural recovery
natural recovery sample results were compared to baseline natural re
natural recovery sample results.  These results were also compared to samples
the remedial investigation (RI) of the Thea Foss and Wheeler-Osgood Waterwa
 
The baseline natural recovery samples used in this comparison are comp
of post-construction confirmation and supplemental baseline surface sam
construction confirmation surface samples (0 to 10 cm) collected in 2004 and 2
as baseline natural recovery samples at six performance monitoring stations. 
information on post-construction sample collection and analysis is presented in
Remedial Action Construction Report (RACR).  Supplemental baseline

areas as part of Year 0 monitoring where there was insufficient existing post-c
to complete the baseline characterization.  The results for supplemental sampl
the baseline for eight natural recovery monitoring stations.   
 

between 1994 and 1997.  The closest and most recent RI sample availab
comparison to each of the Year 2 natural recovery samples.  Two RI samples 
comparison to natural recovery sample NR-20-Y2, as this natural recovery sampling station is 
located bet
 
Tables 16 through 29 in the Year 2 Sediment and Cap Performance and Early
Monitoring Preliminary Findings Memorandum provided in Attachment B-1 in A
present the comparison of Ye
RI samples.   
 
Natural recovery / slope rehabilitation stations were also compared to base
collected as part of supplemental baseline sam
in Attachment B-1 in Appendix B, present the comparison of Year 2 slo
concentrations to baseline samples. 
 
Natural Recovery Area North of 11th Street Bridge – Similar trends were observed over time 
from RI samples to the Year 2 samples at five of the natural recovery monitor
of the 11  Street Bridge, including stations NR-06, NR-07, NR-08, NR-09, an
trend observed at the five stations 

ing stations north 
d NR-10.  The 

includes the following: 

 the SQOs; 

 Baseline natural recovery area samples collected almost a decade later had 
detected chemical concentrations less than the SQOs; and  

 Year 2 natural recovery samples collected approximately two years after baseline 
sampling at each of the stations continue to have concentrations that are less than 
the SQOs.   

 
At these five natural recovery sample stations, there have been two consecutive rounds of 
performance monitoring (0 to 10 cm) with chemical concentrations less than the SQOs.  In 

th

 
 RI samples had detected concentrations that were greater than
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ls in the baseline 
mples.  However, 

ns NR-06 
and NR-10 between baseline and Year 2 sampling.  Additionally, DEHP showed an increase 

al to the SQO in 
ntinued to 

 NR-11 had six 
 in contrast, had 

 chemical, DEHP, at a concentration greater than the SQOs.  The DEHP concentration 
imately 1.6 in the 

ately 1.2 times 

general, the five samples also had enrichment ratios for the detected chemica
samples comparable to the ratios for the detected chemicals in the Year 2 sa
the ratios for PAHs and phthalates indicated a slight increase in samples from statio

between baseline and Year 2 in samples from stations NR-08 and NR-09. 
 
Station NR-11 has had detected concentrations of DEHP greater than or equ
the RI, baseline, and Year 2 samples.  However, DEHP concentrations have co
steadily decrease over time.  The RI sample collected in the vicinity of station
chemicals with concentrations greater than the SQOs.  The baseline sample,
only one
decreased from approximately 2.9 times the SQO in the RI sample to approx
baseline sample.  In the Year 2 sample the DEHP ratio decreased to approxim
the SQO.   
 
Natural Recovery Area Immediately South of 11th Street Bridge – Samples NR
Y2, and NR-14-Y2 were collected south and adjacent to the 11

-12-Y2, NR-13-
in the Thea Foss 
 detected at 

entrations greater than the SQOs.  DEHP was detected at approximately 2.8 times the 
SQO in the RI sample.  The baseline sample for station NR-12 had concentrations for all 

mately 0.2 times 
than the SQOs.  

in the RI, 
 However, DEHP 
collected near 
he 

f the analytes had decreased to below the SQOs in the baseline 

 baseline sample.  
at the SQO.  In 

e baseline sample 
seline sample and 
are being further 

I sampling and 
entrations that were 

only DEHP was detected at the SQO.  The Year 2 sample NR-14-Y2 had detected 
concentrations that were less than SQOs and DEHP decreased to 0.85 times the SQO.  The 

er chemicals detected in this sample generally had comparable enrichment ratios between 
the baseline sample and Year 2 samples with some small decreases or increases in chemical 
concentrations.    

 
Enhanced Natural Recovery Area in RA 7

th Street Bridge 
Waterway.  At station NR-12, the corresponding RI sample had five chemicals
conc

constituents that were less than the SQOs, and DEHP was detected at approxi
the SQO.  The Year 2 sample also had detected concentrations that were less 
However, DEHP in sample NR-12-Y2 increased so that the DEHP concentration was at the 
SQO.   
 
Detected concentrations of DEHP have been greater than or equal to the SQO 
baseline, and Year 2 samples from natural recovery monitoring station NR-13. 
concentrations have continued to steadily decrease over time.  The RI sample 
station NR-13 had four analytes with concentrations greater than the SQOs.  T
concentrations of three o
sample and only DEHP remained at a concentration above the SQO.  DEHP decreased from 
2.4 times the SQO in the RI sample to approximately 1.2 times the SQO in the
The DEHP concentration in the Year 2 sample had decreased further and was 
contrast to DEHP, the benzyl alcohol concentration has increased between th
and the Year 2 sample NR-13-Y2.  Benzyl alcohol was not detected in the ba
was detected at the SQO in sample NR-13-Y2.  Benzyl alcohol exceedences 
evaluated as described above. 
 
Station NR-14 shows a generally decreasing concentration trend between R
baseline and Year 2 monitoring.  The RI sample had multiple chemical conc
greater than the SQOs, while the baseline sample from NR-14 had no SQO exceedences and 

oth

 – Similar to many of the natural recovery stations 
north of the 11th Street Bridge, station NR-16 located in the enhanced natural recovery area 
south of the 11th Street Bridge, has had two consecutive rounds of performance monitoring (0 to 
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 from this location 
icals in the 

 the Year 
2 sample, with the exception of DEHP which showed an increase between baseline and Year 2 

10 cm) with chemical concentrations less than the SQOs.  Only the RI sample
had detected concentrations that were greater than the SQOs.  Detected chem
baseline sample generally were comparable to the ratios for the detected chemicals in

samples. 
 
Natural Recovery Area at the Mouth of the Wheeler-Osgood Waterway – De
concentrations in RI, baseline, and Year 2 monitoring samples from station NR-17 generally 
show a decreasing concentration trend over time.  The RI sample had multip
concentrations that were greater than the SQOs, while the baseline sample ha
exceeding the SQO, at 1.24 times the SQO.  The Year 2 

tected 

le chemical 
d only pyrene 

sample NR-17-Y2 had detected 
.85 times the SQO.  

omparable ratios 
concentrations that were less than SQOs, with pyrene detected at only 0
Other detected chemicals in the baseline and Year 2 samples generally had c
with some small decreases or increases in chemical concentrations.    
 
Natural Recovery Area at Head of the Wheeler-Osgood Waterway – At natural recovery 
monitoring station NR-19, chemical concentrations in both the Year 2 natural re
and the RI sample were less than the SQOs.  The baseline sample, however, had three 

covery sample 

analytes including benzo(a)anthracene, pyrene, and n-nitrosodiphenylamine with concentrations 
e SQOs in the 

ially below the SQOs.  
e sediment in this 

ctions greater 
 to seven other 

ad 13 
also exceeded 

-20-Y0-D, sample 
greater than the 

oth the parent and duplicate baseline samples were 1.2 

 piece of 
d DEHP detected at 
imately 1.8 times 

amples, but 
lytes detected in 

abilitation Shoreline on the Wheeler-Osgood Waterway

greater than the SQOs.  The concentrations for chemicals that exceeded th
baseline sample have concentrations in Year 2 samples that are substant
This variability in concentrations may be attributable to the heterogeneity of th
area of the Wheeler-Osgood Waterway. 
 
Two RI samples collected in the vicinity of station NR-20 both had DEHP dete
than the SQO, at 2.8 and 3.2 times the SQO.  The RI samples also had up
analytes with detections exceeding SQOs.  The baseline sample NR-20-Y0-D h
chemicals, primarily PAHs, with concentrations greater than the SQOs.  DEHP 
the SQO in the baseline sample.  In contrast, the field duplicate of sample NR
NR-20-Y0-D1, only had three chemicals, including DEHP, with concentrations 
SQOs.  The DEHP concentrations in b
times the SQO.  The difference in the number of PAH exceedences between the baseline 
parent sample and the field duplicate is attributed to the possible presence of a
creosote treated wood in the sample.  The Year 2 sample NR-20-Y2 only ha
a concentration greater than the SQO.  The DEHP concentration was approx
the SQO.  The DEHP concentration in the Year 2 sample is lower than the RI s
higher than the concentrations detected in the baseline samples.  All other ana
sample NR-20-Y2 were well below the SQOs.   
 
Natural Recovery/Slope Reh  – The three 
samples, samples SR-10-Y2, SR-11-Y2, and SR-13-Y2, collected from the natural recovery / 
slope rehabilitation areas of the Wheeler-Osgood Waterway were compared to the baseline 
samples collected in 2006.  Station SR-10, comprising the northern shoreline of the Wheeler-

good Waterway, had Year 2 and baseline samples with detected chemical concentrations for 
all constituents less than one-half the SQOs.  The field duplicate collected in Year 2, sample 
SR-10-Y2-D, was generally similar in chemical concentrations to the parent sample, sample SR-
10-Y2, with the exception of total PCBs which were detected with an ER of approximately 1.7 .  
As mentioned above, this PCB concentration in the duplicate sample likely is a result of a 
subcomponent within the sample.   
 

Os
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 both samples 
the SQOs.  

Os.  However, the 
Year 2 sample SR-13-Y2 had DEHP detected at a concentration above the SQO.  The DEHP 

e SR-13-Y2.   

Year 2 sample SR-11-Y2 was similar to the baseline sample, SR-11-Y0-D, with
having detected concentrations for nearly all constituents less than one-half of 
Baseline sample SR-13-Y0-D had chemical concentrations well below the SQ

enrichment ratio increased from 0.29 in the baseline sample to 5.54 in sampl
 
Natural Recovery Area Adjacent to RA 15 and RA 16 – At natural recovery mo
NR-25, the RI, baseline, and Year 2 samples each had multiple detected chem
concentrations that were greater than the SQOs, with the specific chemica
SQOs and the associated concentrations changing over time.  The RI sampl
with concentrations greater than the SQOs, with the enrichment ratios for these five analytes 
ranging from 1.03 to 5.5 times the SQO.  DEHP had the highest enrichmen
sample.  The baseline sample had eight analytes detected at concentration
SQOs and one analyte detected at the SQO.  The enrichment ratios f
concentrations greater than the SQOs in the baseline sample ranged from 1
DEHP again having the highest ratio.  Year 2 sample NR-25-Y2 had seven ana
detected concentrations greater than the SQOs, with enrichment ratios up to 1
SQOs.  Some of the analytes with concentrations that exceeded SQOs increased in 

nitoring station 
ical 

ls exceeding the 
e had five analytes 

t ratio in the RI 
s greater than the 

or the analytes with 
.02 to 2.9, with 

lytes with 
.9 times the 

concentration in the Year 2 sample relative to the baseline sample, while others decreased.  
centrations and trends for chemicals at station NR-25 is likely the result 

r, the 
gh of 5.5 in the 

nced natural recovery 
ural recovery and 
ning sample (0 to 

ination which 
a Foss and 

cated with the 
w.     

NR-10 from north 
ria specified in the 

ring surface 
etected chemical 
line and the Year 

tes showed a slight 
tations NR-06 and NR-10 and DEHP showed an 

increase in Year 2 samples from stations NR-08 and NR-09.  The detected chemical 
concentrations for the Year 2 early warning samples that are co-located with the Year 2 
natural recovery surface samples were also less than the SQOs.  The performance 
criteria outlined in the OMMP include performance monitoring surface samples with 
chemical concentrations less than the SQOs for two consecutive monitoring events (i.e., 
baseline and Year 2 monitoring) and chemical concentration trends not showing an 
increase over time.  Based on the results of baseline and Year 2 performance and early 
warning monitoring, the need for additional monitoring at these five natural recovery 
stations will be discussed further with EPA. 

The variability in the con
of the heterogeneity of sediment at this natural recovery monitoring station.  Howeve
magnitude of the maximum enrichment ratio has decreased over time from a hi
RI sample to 1.9 in the Year 2 performance sample.  
 
Summary of Year 2 Findings 
 
A summary of the findings from the Year 2 natural recovery and enha
performance monitoring is included below.  For a comparison of the Year 2 nat
enhanced natural recovery sampling results to the co-located Year 2 early war
2 cm) results refer to Section 3.0 on Early Warning Monitoring for Recontam
evaluates the potential for recontamination of remediation areas within the The
Wheeler-Osgood Waterways.  A brief summary of the early warning samples co-lo
natural recovery and enhanced natural recovery samples is also provided belo

 
 Natural recovery samples from stations NR-6, NR-7, NR-8, NR-9, and 

of the 11th Street Bridge have met the performance monitoring crite
OMMP.  The baseline and Year 2 natural recovery performance monito
samples (0-10 cm) collected from these natural recovery stations had d
concentrations less than the SQOs.  The SQO ratios between the base
2 samples were generally comparable; however, PAHs and phthala
increase in Year 2 samples from s
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ad a DEHP 
rformance surface 

ery location has 
he RI, to the Year 2 

ad a DEHP 
 concentration detected in the Year 2 natural recovery 

tion is likely to 

ry area located 
, NR-13, and NR-14.  

Year 2 
ee sample locations 

R-13-Y2.  
 DEHP 
mple collected at 

DEHP 
concentration in the Year 2 sample.  Additionally, co-located early warning sample EW-

tion of DEHP at 1.2 
ed in sample NR-
ple EW-13-Y2 

ral recovery area 
.  The detected 

al concentrations for the baseline sample and Year 2 sample were less than the 
 sample are 
ntified in the 

ar 2 early warning 
tration was just 

e to be monitored 

tation NR-17, located at 
l concentrations that 

 chemical 
e SQO in the 
om baseline 

trations indicating 
uture. 

 
 Natural recovery station NR-19 is located near the head of the Wheeler-Osgood 

Waterway.  Detected chemical concentrations in the Year 2 natural recovery sample 
from station NR-19 were less than the SQOs.  However, the co-located early warning 
sample EW-19-Y2 had 12 SVOCs detected at concentrations greater than the SQOs.  
The source of the elevated concentrations in sample EW-19-Y2 is unclear, but may not 
be representative of the area due to the heterogeneity in the sediment in this portion of 
the waterway.  Alternatively, a subcomponent of the early warning sample, such as a 
piece of creosote treated wood for example, may be the cause of the elevated SVOC 

 
 Natural recovery station NR-11 located north of the 11th Street Bridge h

concentration greater than the SQO in the Year 2 natural recovery pe
sample.  However, the DEHP concentration at this natural recov
consistently dropped over time from the sample collected during t
sample.  Additionally, the co-located Year 2 early warning sample h
concentration less than the
performance monitoring sample, indicating that the DEHP concentra
continue to decrease in the future.   

 
 Year 2 natural recovery samples were collected in the natural recove

south of and adjacent to the 11th Street Bridge at stations NR-12
The detected chemical concentrations did not exceed the SQOs in the 
performance surface samples (0 to 10 cm) collected from the thr
although DEHP was detected at the SQO in samples NR-12-Y2 and N
Baseline samples collected at stations NR-13 and NR-14 had detected
concentrations that were greater than the SQO.  While the baseline sa
NR-12 had DEHP detected below the SQO, there was an increase in the 

12-Y2, associated with sample NR-12-Y2, had a detected concentra
times the SQO, which is slightly above the DEHP concentration detect
12-Y2.  Similar to sample NR-13-Y2, the co-located early warning sam
had DEHP detected at the SQO. 

 
 Natural recovery station NR-16 is located within the enhanced natu

located south of the 11th Street Bridge on the west side of the waterway
chemic
SQOs.  Detected concentrations in the baseline sample and the Year 2
generally comparable with no significant increases in concentrations ide
Year 2 sample.  The detected chemical concentrations in the Ye
sample were also less than the SQOs.  However, the DEHP concen
below the SQO in the early warning sample so the area should continu
in Year 4.   

 
 The Year 2 natural recovery performance surface sample from s

the mouth of the Wheeler-Osgood Waterway, had detected chemica
were less than the SQOs.  The Year 2 early warning sample also had
concentrations less than SQOs.  However, pyrene was greater than th
baseline sample collected from station NR-17.  Concentration trends fr
monitoring to Year 2 monitoring show a decrease in chemical concen
that the pyrene concentration is likely to continue to decrease in the f
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n NR-19 also had detected 

sgood Waterway.  
ntrations of multiple 
overy performance 
R-20 contained 

Additionally, the slope rehabilitation 
etected at a 

 north of RA 15 and 
e SQOs in samples 

itoring surface 
 greater than the 
ile other analyte 

ared to the 
concentrations 

that were greater than the SQOs for 10 analytes and the concentrations in the early 
etected in the 
ample 

eneity in the 

onitoring composite 
d Waterway.  

llected from station SR-11 have demonstrated that 
rformance monitoring 
oncentrations in the 

an the SQOs for 
pear to have 
11 is not required 

 
and Year 2 

ld duplicate 

 this portion of 
plicate sample.   

The detected chemical concentrations in samples collected from station SR-13, located 
at the head of the Wheeler-Osgood Waterway, were substantially below the SQO in the 
baseline and Year 2 performance monitoring samples except for DEHP.  DEHP was less 
than the SQO in the baseline sample but the Year 2 sample had a DEHP concentration 
greater than the SQO.  Station SR-13 is located adjacent to City Outfall 254, which has a 
likely, recent upland source of DEHP identified through the City’s stormwater source 
control program.  A sample of sediment was collected by the City from a catch basin at a 
newer correctional facility in the drainage basin for Outfall 254.  DEHP was detected at a 
concentration exceeding 600,000 μg/kg, in the sample as reported in the City 

concentrations.  The baseline surface sample at statio
concentrations of three SVOCs that were greater than the SQOs.   

 
 Natural recovery station NR-20 is located at the head of the Wheeler-O

The baseline sample collected at station NR-20 had detected conce
chemicals that were greater than the SQOs.  The Year 2 natural rec
monitoring surface sample and early warning sample from station N
DEHP at concentrations greater than the SQO.  
sample SR-13-Y2 collected adjacent to station NR-20 also had DEHP d
concentration greater than the SQO.   

 
 Natural recovery station NR-25, located in the natural recovery area

east of RA 16, had detected chemical concentrations exceeding th
collected as part of Year 2 monitoring.  The Year 2 performance mon
sample NR-25-Y2 had seven analytes with detected concentrations
SQOs.  Some analyte concentrations appear to have increased wh
concentrations appear to have decreased in the Year 2 sample comp
baseline sample.  The Year 2 early warning sample also had detected 

warning sample tended to be slightly higher than the concentrations d
corresponding natural recovery performance sample.  The trends in s
concentrations at station NR-25 may, in part, be the result of the heterog
sediment in this natural recovery area.   

 
 Three Year 2 natural recovery / slope rehabilitation performance m

samples were collected from the shoreline slopes of the Wheeler-Osgoo
The baseline and Year 2 sample co
the southern shoreline of the Wheeler-Osgood Waterway meets pe
criteria and that it has naturally recovered.  The detected chemical c
baseline and Year 2 performance monitoring samples have been less th
two consecutive rounds of monitoring and chemical concentrations ap
stabilized.  Therefore, future monitoring at natural recovery station SR-
as the natural recovery process is complete.   

At station SR-10, the detected chemical concentrations in the baseline 
samples had detected concentrations less than SQOs.  However, the fie
collected at SR-10 during Year 2 had PCBs detected at a concentration greater than the 
SQOs.  The differing PCB concentrations in the parent and duplicate sample from 
station SR-10 are likely the result of the heterogeneity in the sediment in
the waterway and that PCBs were present in a subcomponent of the du
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d at the facility 
ormwater catch 
ay also be using 

is outfall drainage 
ssible DEHP sources.  See Section 7.3 for more comprehensive 

again as part of 

onitoring Activities 

is required to 
very areas.  The 
nce monitoring, 

10 as part of Year 4 
hedule for 
le 1-1.  The 

tural recovery and enhanced natural recovery performance monitoring to be 
ted in Year 4 is currently the same as for Year 2 and is described in the OMMP; 

e City would like to discuss with EPA the need for continued monitoring at five of the 
e performance criteria outlined 

Table 2-1 Summary of Year 2 Slope Cap Surface Sample (0 to 10 cm) Results  

 10 cm) Results 

Year 2 Natural Recovery and Enhanced Natural Recovery Surface 

 
Figure 2-1 Low Tide Slope Cap Inspection Monitoring Intervals and Slope Cap Sample 
Locations 
 
Figure 2-2 Subtidal Hydrographic Survey Areas 
 
Figure 2-3 Year 2 Performance Monitoring and Early Warning Sampling Locations 
 
 
 

Stormwater Source Control Report from 2006.  A new building is locate
that has a large membrane roof that may be a source of DEHP to the st
basin.  Other new industrial buildings within this outfall drainage basin m
a similar membrane roof.  The City plans to revisit businesses within th
basin to evaluate po
stormwater source control information.  Station SR-13 will be monitored 
Year 4 OMMP monitoring.   

 
2.3.1 Schedule of Natural Recovery and Enhanced Natural Recovery M
 
No supplemental natural recovery or enhanced natural recovery monitoring 
characterize Year 2 conditions in natural recovery or enhanced natural reco
next natural recovery or enhanced natural recovery area chemical performa
including collection and analysis of samples, is scheduled to occur in 20
natural recovery or enhanced natural recovery performance monitoring.  The sc
OMMP activities to be performed as part of the Foss Project is presented in Tab
scope of na
conduc
however, th
natural recovery stations mentioned above that appear to meet th
in the OMMP.  
 
TABLES  
 

 
Table 2-2 Summary of Year 2 Channel Sand Cap Surface Sample (0 to
 
Table 2-3 Summary of 
Sample (0 to 10 cm) Results 
 
FIGURES 



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

Units SQO
Conventionals

Total Organic Carbon mg/kg NC    1,610 NA    2,470 NA    1,660 NA    2,750 J NA    4,200 NA    6,500 NA    9,960 NA   13,500 NA    14,500 NA
Total Solids % NC      93.2 NA 93.2 NA 89.8 NA 90.0 NA 81.2 NA 89.3 NA 83.7 NA 74.3 NA 70.0 NA

Metals
Antimony mg/kg 150 0.86 U NA 1.0 U NA 1.0 U NA 0.72 U NA 0.84 U NA 0.84 U NA 1.1 U NA 0.84 U NA 1.0 U NA
Arsenic mg/kg 57 3.62 J 0.06 3.0 J 0.05 7.6 0.13 4.46 0.08 6.64 0.12 2.81 J 0.05 3.5 J 0.06 8.17 0.14 6.8 0.12
Cadmium mg/kg 5.1 0.051 J 0.01 0.128 J 0.03 0.386 0.08 0.493 0.10 0.455 0.09 0.13 J 0.03 0.216 J 0.04 0.440 0.09 0.342 0.07
Copper mg/kg 390 5.39 0.01 13.1 0.03 11.5 0.03 6.68 0.02 24.0 0.06 7.37 0.02 16.6 0.04 34.4 0.09 25.0 0.06
Lead mg/kg 450 7.5 0.02 8.7 0.02 5.8 0.01 6.76 0.02 12.3 0.03 5.82 0.01 18.6 0.04 21.6 0.05 26.8 0.06
Nickel mg/kg 140 13.6 0.10 20.9 0.15 20.0 0.14 12.3 0.09 17.8 0.13 8.65 0.06 10.4 0.07 17.0 0.12 17.7 0.13
Silver mg/kg 6.1 1.36 J 0.22 2.03 J 0.33 2.33 J 0.38 2.09 J 0.34 2.28 J 0.37 1.04 J 0.17 1.41 J 0.23 2.05 J 0.34 1.73 J 0.28
Zinc mg/kg 410 26.2 0.06 35.1 0.09 45.2 0.11 34.8 0.08 45.0 0.11 21.0 0.05 42.0 0.10 80.8 0.20 89.0 0.22
Mercury mg/kg 0.59 0.009 0.02 0.015 0.03 0.013 U NA 0.016 0.03 0.035 0.06 0.021 0.04 0.040 0.07 0.051 0.09 0.045 0.08

SVOCs
LPAHs

2-Methylnaphthalene µg/kg 670 3.0 J 0.00 26 0.04 2.9 J 0.004 2.6 U NA 20 0.03 16 J 0.02 36 0.05 30 0.04 28 0.04
Acenaphthene µg/kg 500 3.3 J 0.01 20 0.04 2.2 U NA 2.3 U NA 22 0.04 13 J 0.03 45 0.09 17 0.03 19 0.04
Acenaphthylene µg/kg 1,300 3.6 J 0.00 19 0.01 4.6 0.004 2.3 U NA 18 0.01 8.9 J 0.01 23 0.02 19 0.01 15 0.01
Anthracene µg/kg 960 15 0.02 78 0.08 7.1 0.01 3.7 J 0.004 50 0.05 25 J 0.03 72 0.08 140 0.15 51 0.05
Fluorene µg/kg 540 4.4 0.01 27 0.05 2.1 J 0.004 1.9 U NA 26 0.05 12 J 0.02 29 0.05 28 0.05 20 0.04
Naphthalene µg/kg 2,100 8.6 0.00 42 0.02 4.4 0.002 3.5 J 0.002 34 0.02 37 J 0.02 88 0.04 58 0.03 58 0.03
Phenanthrene µg/kg 1,500 65 0.04 150 0.10 17 0.01 23 0.02 320 0.21 78 J 0.05 190 0.13 200 0.13 180 0.12
Total LPAH µg/kg 5,200 103 J 0.02 362 0.07 38 J 0.01 30 J 0.01 490 0.09 190 J 0.04 483 0.09 492 0.09 371 0.07

HPAHs
Benzo(a)anthracene µg/kg 1,600 56 0.04 92 0.06 25 0.02 15 0.01 120 0.08 66 0.04 120 0.08 280 0.18 150 0.09
Benzo(a)pyrene µg/kg 1,600 63 0.04 100 0.06 35 U NA 36 U NA 110 0.07 120 0.08 160 0.10 240 0.15 200 0.13
Benzofluoranthenes (total) µg/kg 3,600 99 0.03 220 0.06 76 0.02 53 0.01 310 0.09 250 0.07 340 0.09 570 0.16 520 0.14
Benzo(g,h,i)perylene µg/kg 720 36 U NA 44 J 0.06 34 U NA 35 U NA 81 J 0.11 100 0.14 96 0.13 150 0.21 140 0.19
Chrysene µg/kg 2,800 63 0.02 150 0.05 49 0.02 27 0.01 270 0.10 100 0.04 180 0.06 400 0.14 270 0.10
Dibenzo(a,h)anthracene µg/kg 230 42 U NA 42 U NA 41 U NA 41 U NA 42 U NA 52 0.23 42 U NA 47 0.20 42 U 0.18
Fluoranthene µg/kg 2,500 110 0.04 290 0.12 35 0.01 46 0.02 420 0.17 160 J 0.06 280 0.11 550 0.22 410 0.16
Indeno(1,2,3-cd)pyrene µg/kg 690 39 U NA 42 J 0.06 38 U NA 38 U NA 77 J 0.11 95 0.14 87 0.13 120 0.17 120 0.17
Pyrene µg/kg 3,300 130 0.04 370 0.11 29 0.01 43 0.01 360 0.11 140 0.04 310 0.09 520 0.16 430 0.13
Total HPAH µg/kg 17,000 521 0.03 1,308 J 0.08 214 0.01 184 0.01 1,748 J 0.10 1,083 J 0.06 1,573 0.09 2,877 0.17 2,240 0.13

Other
Dimethyl phthalate µg/kg 160 1.6 U NA 1.6 U NA 1.5 U NA 1.5 U NA 4.3 0.03 5.5 J 0.03 2.7 J 0.02 7.4 0.05 6.4 0.04
Diethylphthalate µg/kg 200 32 U NA 32 U NA 31 U NA 32 U NA 32 U NA 32 UJ NA 32 U NA 32 U NA 32 U NA
Di-n-butyl phthalate µg/kg 1,400 33 U NA 33 U NA 32 U NA 32 U NA 33 U NA 33 UJ NA 33 U NA 52 0.04 110 0.08
Butyl benzyl phthalate µg/kg 900 31 U NA 31 U NA 30 U NA 30 U NA 60 J 0.07 54 J 0.06 49 J 0.05 780 0.87 830 0.92
Bis(2-ethylhexyl)phthalate µg/kg 1,300 46 J 0.04 64 J 0.05 82 0.06 140 0.11 530 0.41 330 0.25 520 0.40     1,200 0.92      1,300 1.00
Di-n-octyl phthalate µg/kg 6,200 36 U NA 36 U NA 34 U NA 35 U NA 35 U NA 36 U NA 36 U NA 65 J 0.01 71 J 0.01
Phenol µg/kg 420 5.3 J 0.01 9.2 0.02 11 0.03 8.7 0.02 21 0.05 21 J 0.05 16 0.04 50 0.12 34 0.08
2-Methylphenol µg/kg 63 4.7 U NA 4.7 U NA 4.5 U NA 4.5 U NA 4.6 U NA 4.6 UJ NA 37 0.59 4.6 U NA 4.7 U NA
4-Methylphenol µg/kg 670 2.5 U NA 2.5 U NA 2.4 U NA 2.4 U NA 6.2 0.01 2.5 UJ NA 2.5 U NA 2.5 U NA 5.1 0.01
2,4-Dimethylphenol µg/kg 29 1.8 U NA 1.8 U NA 1.8 U NA 1.8 U NA 1.8 U NA 1.8 UJ NA 1.8 U NA 1.8 U NA 1.8 U NA
Pentachlorophenol µg/kg 360 43 U NA 43 U NA 42 U NA 42 U NA 43 UJ NA 43 UJ NA 43 U NA 43 UJ NA 43 UJ NA
Benzyl alcohol µg/kg 73 23 U NA 23 U NA 93 1.27 23 U NA 23 U NA 23 UJ NA 23 U NA 23 U NA 23 U NA
Benzoic acid µg/kg 650 62 U NA 62 U NA 60 U NA 61 U NA 62 U NA 110 J 0.17 62 U NA 61 U NA 62 U NA
1,2-Dichlorobenzene µg/kg 50 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA
1,3-Dichlorobenzene µg/kg 170 2.5 UJ NA 2.5 UJ NA 2.4 UJ NA 2.4 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA
1,4-Dichlorobenzene µg/kg 110 2.6 UJ NA 2.6 UJ NA 2.5 UJ NA 2.5 UJ NA 2.6 UJ NA 2.6 UJ NA 2.6 UJ NA 2.5 UJ NA 2.6 UJ NA
1,2,4-Trichlorobenzene µg/kg 51 2.6 U NA 2.6 U NA 2.5 U NA 2.5 U NA 2.6 U NA 2.6 UJ NA 2.6 U NA 2.5 U NA 2.6 U NA
Hexachlorobenzene µg/kg 22 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 UJ NA 1.7 U NA 1.7 U NA 1.7 U NA
Dibenzofuran µg/kg 540 3.6 J 0.01 22 0.04 2.2 U NA 2.2 U NA 26 0.05 8.6 J 0.02 13 0.02 17 0.03 17 0.03
Hexachlorobutadiene µg/kg 11 2.7 U NA 2.7 U NA 2.6 U NA 2.7 U NA 2.7 U NA 2.7 UJ NA 2.7 U NA 2.7 U NA 2.7 U NA
N-Nitrosodiphenylamine µg/kg 28 2.0 U NA 2.0 U NA 1.9 U NA 1.9 U NA 2.5 J 0.09 3.2 J 0.11 3.3 J 0.12 3.8 J 0.14 4.1 J 0.15

Pesticides
p,p'-DDD µg/kg 16 5.0 U NA 5.0 U NA 4.8 U NA 4.9 U NA 4.9 U NA 5.0 U NA 5.0 U NA 4.9 U NA 5.0 U NA
p,p'-DDE µg/kg 9 2.5 U NA 2.5 U NA 2.4 U NA 2.4 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA
p,p'-DDT µg/kg 34 7.5 UJ NA 7.5 UJ NA 7.2 UJ NA 7.3 UJ NA 7.4 UJ NA 7.4 UJ NA 7.5 UJ NA 7.4 UJ NA 7.5 UJ NA

PCBs
PCB-1016 µg/kg NC 10 U NA 10 U NA 9.6 U NA 9.7 U NA 9.9 U NA 9.9 U NA 10 U NA 9.8 U NA 10 U NA
PCB-1221 µg/kg NC 10 U NA 10 U NA 9.6 U NA 9.7 U NA 9.9 U NA 9.9 U NA 10 U NA 9.8 U NA 10 U NA
PCB-1232 µg/kg NC 10 U NA 10 U NA 9.6 U NA 9.7 U NA 9.9 U NA 9.9 U NA 10 U NA 9.8 U NA 10 U NA
PCB-1242 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1248 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1254 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 20 J NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1260 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCBs (total) µg/kg 300 12 U NA 12 U NA 12 U NA 12 U NA 20 J 0.07 12 U NA 12 U NA 12 U NA 12 U NA

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

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.

Table 2-1
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Sample ID

0 to10 cm
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Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio

Units SQO
Conventionals

Total Organic Carbon mg/kg NC 5,080 NA 14,900 NA   21,900 NA   10,000 NA   8,700 NA   9,800 NA   6,160 J NA   8,180 J NA   15,700 J NA   32,000 J NA  17,600 J NA
Total Solids % NC 71.4 NA 66.7 NA 54.3 NA 83.1 NA 87.2 NA 80.4 NA 85.8 NA 84.2 NA 78.8 NA 62.2 NA 77.9 NA

Metals
Antimony mg/kg 150 1.2 U NA 0.9 U NA 2.0 U NA 2.3 U NA 2.3 U NA 2.3 U NA 1.1 U NA 1.1 U NA 1.0 U NA 1.8 U NA 0.86 U NA
Arsenic mg/kg 57 4.5 J 0.08 7.6 0.13 10.4 0.18 7.0 J 0.12 3.4 J 0.06 7.0 J 0.12 4.9 0.09 4.9 J 0.09 6.8 0.12 9.9 0.17 6.01 0.11
Cadmium mg/kg 5.1 0.447 0.09 0.43 0.08 2.15 0.42 1.82 0.36 1.73 0.34 1.19 0.23 0.988 0.19 1.18 0.23 1.41 0.28 1.84 0.36 1.31 0.26
Copper mg/kg 390 33.4 0.09 37.6 0.10 59.3 0.15 29.4 0.08 16.3 0.04 21.1 0.05 17.2 0.04 17.1 0.04 26.3 0.07 53.3 0.14 27.5 0.07
Lead mg/kg 450 7.8 0.02 20.7 0.05 60.7 0.13 10.4 0.02 7.75 J 0.02 15.1 0.03 8.0 0.02 8.9 0.02 18.6 0.04 56.7 0.13 18.1 0.04
Nickel mg/kg 140 12.2 0.09 14.8 0.11 23.6 0.17 15.2 0.11 12.2 0.09 14.9 0.11 15.5 0.11 23.0 0.16 13.7 0.10 20.3 0.15 17.2 0.12
Silver mg/kg 6.1 2.07 J 0.34 2.01 J 0.33 2.70 J 0.44 2.20 J 0.36 2.38 J 0.39 2.02 J 0.33 1.44 J 0.24 1.82 J 0.30 2.14 0.35 2.89 J 0.47 1.73 J 0.28
Zinc mg/kg 410 35.5 0.09 59.3 0.14 139 0.34 34.5 0.08 31.8 0.08 41.9 0.10 34.3 0.08 31.8 0.08 57.0 0.14 116 0.28 61.5 0.15
Mercury mg/kg 0.59 0.027 0.05 0.082 0.14 0.188 0.32 0.0437 0.07 0.0348 0.06 0.058 0.10 0.027 0.05 0.025 0.04 0.047 0.08 0.164 0.28 0.048 0.08

SVOCs
LPAHs

2-Methylnaphthalene µg/kg 670 15 0.02 42 0.06 58 0.09 19 0.03 12 0.02 45 0.07 14 0.02 14 0.02 93 0.14 280 0.42 36 0.05
Acenaphthene µg/kg 500 5.9 0.01 14 0.03 70 0.14 12 0.02 7.8 0.02 30 0.06 11 0.02 8.6 0.02 43 0.09 490 0.98 32 0.06
Acenaphthylene µg/kg 1,300 13 0.01 29 0.02 29 0.02 11 0.01 6.9 0.01 20 0.02 9.4 0.01 6.9 0.01 21 0.02 160 0.12 19 0.01
Anthracene µg/kg 960 50 0.05 68 0.07 180 0.19 33 0.03 21 0.02 59 0.06 25 0.03 24 0.03 91 0.09 670 0.70 71 0.07
Fluorene µg/kg 540 13 0.02 25 0.05 100 0.19 17 0.03 10 0.02 33 0.06 13 0.02 11 0.02 49 0.09 300 0.56 31 0.06
Naphthalene µg/kg 2,100 23 0.01 69 0.03 180 0.09 48 0.02 28 0.01 120 0.06 31 0.01 32 0.02 230 0.11 760 0.36 94 0.04
Phenanthrene µg/kg 1,500 77 0.05 130 0.09     1,100 0.73 81 0.05 58 0.04 150 0.10 87 0.06 83 0.06 220 0.15     1,600 1.07 240 0.16
Total LPAH µg/kg 5,200 197 0.04 377 0.07 1,717 0.33 221 0.04 144 0.03 457 0.09 190 0.04 180 0.03 747 0.14 4,260 0.82 523 0.10

HPAHs
Benzo(a)anthracene µg/kg 1,600 75 0.05 130 0.08 830 0.52 70 0.04 52 0.03 110 0.07 72 0.05 66 0.04 140 0.09 820 0.51 190 0.12
Benzo(a)pyrene µg/kg 1,600 80 0.05 150 0.09 730 0.46 92 0.06 69 J 0.04 110 0.07 63 J 0.04 95 0.06 150 0.09 770 0.48 170 0.11
Benzofluoranthenes (total) µg/kg 3,600 140 0.04 350 0.10     2,100 0.58 200 0.06 150 0.04 240 0.07 150 0.04 220 0.06 340 0.09     1,300 0.36 420 0.12
Benzo(g,h,i)perylene µg/kg 720 34 J 0.05 92 0.13 770 1.07 77 0.11 53 J 0.07 83 0.12 57 J 0.08 63 J 0.09 110 0.15 410 0.57 130 0.18
Chrysene µg/kg 2,800 97 0.03 200 0.07     1,200 0.43 120 0.04 79 0.03 150 0.05 110 0.04 120 0.04 210 0.08 960 0.34 290 0.10
Dibenzo(a,h)anthracene µg/kg 230 35 U NA 42 U NA 220 0.96 39 U NA 42 U NA 42 U NA 42 U NA 42 U NA 42 U NA 120 0.52 42 U NA
Fluoranthene µg/kg 2,500 150 0.06 280 0.11     2,100 0.84 200 0.08 120 0.05 190 0.08 160 0.06 170 0.07 290 0.12     1,300 0.52 440 0.18
Indeno(1,2,3-cd)pyrene µg/kg 690 33 U NA 76 J 0.11 710 1.03 66 J 0.10 46 J 0.07 79 J 0.11 55 J 0.08 66 J 0.10 110 0.16 410 0.59 130 0.19
Pyrene µg/kg 3,300 220 0.07 410 0.12     2,400 0.73 220 0.07 140 0.04 340 0.10 200 0.06 210 0.06 480 0.15     3,100 0.94 680 0.21
Total HPAH µg/kg 17,000 796 J 0.05 1,688 J 0.10 11,060 0.65 1,045 J 0.06 709 J 0.04 1,302 J 0.08 867 J 0.05 1,010 J 0.06 1,830 0.11 9,190 0.54 2,450 0.14

Other
Dimethyl phthalate µg/kg 160 1.3 U NA 4.4 0.03 10 0.06 5.6 0.04 2.5 J 0.02 6.4 0.04 4.3 0.03 2.1 J 0.01 7.3 0.05 12 0.08 6.5 0.04
Diethylphthalate µg/kg 200 27 U NA 32 U NA 39 U NA 30 U NA 32 U NA 32 U NA 32 U NA 32 U NA 32 U NA 32 U NA 32 U NA
Di-n-butyl phthalate µg/kg 1,400 28 U NA 33 U NA 50 0.04 31 U NA 33 U NA 33 U NA 33 U NA 33 U NA 33 0.02 49 0.04 33 U NA
Butyl benzyl phthalate µg/kg 900 45 J 0.05 70 J 0.08 190 0.21 46 J 0.05 42 J 0.05 84 0.09 48 J 0.05 49 J 0.05 250 0.28 210 0.23 110 0.12
Bis(2-ethylhexyl)phthalate µg/kg 1,300 160 0.12 910 0.70     3,100 2.38 290 0.22 240 0.18 590 0.45 380 0.29 390 0.30     1,100 0.85     2,300 1.77    1,300 1.00
Di-n-octyl phthalate µg/kg 6,200 30 U NA 38 J 0.01 43 U NA 33 U NA 35 U NA 36 U NA 36 U NA 36 U NA 36 U NA 66 J 0.01 36 U NA
Phenol µg/kg 420 17 0.04 55 0.13 74 0.18 23 0.05 13 0.03 28 0.07 17 0.04 16 0.04 30 0.07 39 0.09 31 0.07
2-Methylphenol µg/kg 63 13 0.21 4.6 U NA 6 UR NA 4.3 U NA 4.6 U NA 4.6 U NA 4.6 U NA 4.7 U NA 4.6 U NA 4.7 U NA 4.7 U NA
4-Methylphenol µg/kg 670 2.1 U NA 11 0.02 7.4 J 0.01 4.6 0.01 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 5.9 J 0.01 31 0.05 2.5 U NA
2,4-Dimethylphenol µg/kg 29 1.5 U NA 1.8 U NA 7 J 0.24 2.5 J 0.09 1.8 U NA 3.0 J 0.10 1.8 UJ NA 2.0 J 0.07 2.2 J 0.08 6.7 J 0.23 1.8 UJ NA
Pentachlorophenol µg/kg 360 36 U NA 43 U NA 52 UJ NA 40 U NA 43 U NA 43 U NA 43 U NA 43 U NA 43 U NA 43 U NA 43 U NA
Benzyl alcohol µg/kg 73 19 U NA 28 J 0.38 130 J 1.78 22 U NA 24 J 0.33 39 J 0.53 23 U NA 23 U NA 23 U NA 54 J 0.74 23 U NA
Benzoic acid µg/kg 650 52 UJ NA 62 U NA 240 0.37 71 J 0.11 62 U NA 62 U NA 62 U NA 62 U NA 62 U NA 62 U NA 62 U NA
1,2-Dichlorobenzene µg/kg 50 1.9 U NA 2.2 UJ NA 2.7 UJ NA 2.1 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA
1,3-Dichlorobenzene µg/kg 170 2.1 U NA 2.5 UJ NA 3.0 UJ NA 2.3 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA
1,4-Dichlorobenzene µg/kg 110 2.1 UJ NA 3.0 J 0.03 4.3 J 0.04 2.4 UJ NA 2.6 UJ NA 13 J 0.12 2.6 UJ NA 2.6 UJ NA 3.6 J 0.03 7.1 J 0.06 2.6 UJ NA
1,2,4-Trichlorobenzene µg/kg 51 2.1 U NA 2.6 U NA 3.3 J 0.06 2.4 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA
Hexachlorobenzene µg/kg 22 1.5 U NA 1.7 U NA 2.1 U NA 1.6 U NA 1.7 U NA 2.5 J 0.11 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA
Dibenzofuran µg/kg 540 8.9 0.02 21 0.04 66 0.12 11 0.02 6.9 0.01 20 0.04 9.2 0.02 8.6 0.02 31 0.06 95 0.18 18 0.03
Hexachlorobutadiene µg/kg 11 2.3 U NA 2.7 U NA 3.3 U NA 2.5 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA
N-Nitrosodiphenylamine µg/kg 28 1.7 U NA 4.6 0.16 5.5 0.20 1.8 U NA 2.0 U NA 5.3 0.19 4.9 0.18 2.3 J 0.08 5.7 0.20 18 0.64 5.8 0.21

Pesticides
p,p'-DDD µg/kg 16 5.0 U NA 6.0 U NA 6.0 U NA 4.6 U NA 4.9 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA
p,p'-DDE µg/kg 9 2.5 U NA 3.0 U NA 3.0 U NA 2.3 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA
p,p'-DDT µg/kg 34 7.5 U NA 8.9 UJ NA 9.0 U NA 6.9 U NA 7.4 U NA 7.4 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA

PCBs
PCB-1016 µg/kg NC 12 U NA 12 U NA 12 U NA 9.2 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA
PCB-1221 µg/kg NC 12 U NA 12 U NA 12 U NA 9.2 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA
PCB-1232 µg/kg NC 12 U NA 12 U NA 12 U NA 9.2 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA 9.9 U NA 10 U NA 10 U NA
PCB-1242 µg/kg NC 15 U NA 15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1248 µg/kg NC 15 U NA 15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1254 µg/kg NC 15 U NA 15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1260 µg/kg NC 15 U NA 15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCBs (total) µg/kg 300 15 U NA 15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

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.
UR - The analyte was analyzed for and not detected, but the result was rejected due to holding time exceedance.
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Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment Enrichment
Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio Ratio

Units SQO
Conventionals

Total Organic Carbon mg/kg NC   17,200 NA   15,200 NA    7,370 NA    6,800 NA   18,400 NA   18,000 NA   19,500 NA   17,800 NA   20,800 NA   16,500 NA   14,100 NA   22,200 NA
Total Solids % NC 49.7 NA 47.2 NA 69.1 NA 69.2 NA 51.1 NA 50.8 NA 46.2 NA 53.2 NA 54.8 NA 57.4 NA 78.3 NA 59.7 NA

Metals
Antimony mg/kg 150 2.2 U NA 2.0 U NA 2.2 U NA 2.3 U NA 2.2 U NA 2.2 U NA 2.2 U NA 2.0 U NA 2.1 J 0.01 2.2 U NA 1.9 U NA 2.2 U NA
Arsenic mg/kg 57 12.8 0.22 11.2 0.20 4.7 J 0.08 6.1 J 0.11 12.8 0.22 14.0 0.25 14.0 0.25 16.3 0.29 16.3 0.29 14.1 0.25 5.1 J 0.09 4.8 J 0.08
Cadmium mg/kg 5.1 0.97 0.19 0.98 0.19 0.53 0.10 0.47 J 0.09 1.50 0.29 1.20 0.24 1.24 0.24 1.15 0.23 1.13 0.22 1.10 0.22 0.10 U NA 0.20 J 0.04
Copper mg/kg 390 76.8 0.20 90.4 0.23 41.5 0.11 35.8 0.09 99.0 0.25 88.6 0.23 94.2 0.24 87.8 0.23 92.5 0.24 68.4 0.18 24.0 0.06 66.5 0.17
Lead mg/kg 450 50.1 0.11 52.1 0.12 21.1 0.05 21.5 0.05 81.0 0.18 86.5 0.19 66.5 0.15 76.2 0.17 82.3 0.18 70.3 0.16 13.6 0.03 28.5 0.06
Nickel mg/kg 140 16.9 0.12 17.6 0.13 16.8 0.12 16.0 0.11 21.0 0.15 21.3 0.15 19.4 0.14 19.7 0.14 22.4 0.16 18.0 0.13 8.92 0.06 10.0 0.07
Silver mg/kg 6.1 3.15 J 0.52 2.98 J 0.49 2.75 J 0.45 2.89 J 0.47 3.90 J 0.64 4.26 J 0.70 3.53 J 0.58 3.03 J 0.50 3.57 J 0.59 3.63 J 0.60 1.69 J 0.28 2.79 J 0.46
Zinc mg/kg 410 90.0 0.22 110 0.27 53.6 0.13 47.6 0.12 122 0.30 129 0.31 139 0.34 139 0.34 137 0.33 104 0.25 37.7 0.09 71.1 0.17
Mercury mg/kg 0.59 0.225 0.38 0.296 0.50 0.101 0.17 0.108 0.18 0.314 0.53 0.377 0.64 0.253 0.43 0.369 0.63 0.288 0.49 0.321 0.54 0.0393 0.07 0.111 0.19

SVOCs
LPAHs

2-Methylnaphthalene µg/kg 670 190 0.28 86 0.13 46 0.07 68 0.10 160 0.24 170 0.25 92 0.14 120 0.18 190 0.28 160 0.24 14 0.02 390 0.58
Acenaphthene µg/kg 500 92 0.18 46 0.09 23 0.05 35 0.07 87 0.17 87 0.17 50 0.10 76 0.15 97 0.19 76 0.15 6.8 0.01 92 0.18
Acenaphthylene µg/kg 1,300 180 0.14 66 0.05 32 0.02 41 0.03 100 0.08 98 0.08 66 0.05 140 0.11 130 0.10 110 0.08 9.1 0.01 170 0.13
Anthracene µg/kg 960 460 0.48 190 0.20 92 0.10 110 0.11 280 0.29 270 0.28 190 0.20 630 0.66 370 0.39 290 0.30 27 0.03 730 0.76
Fluorene µg/kg 540 140 0.26 65 0.12 39 0.07 49 0.09 120 0.22 120 0.22 65 0.12 140 0.26 140 0.26 120 0.22 10 0.02 270 0.50
Naphthalene µg/kg 2,100 390 0.19 160 0.08 89 0.04 130 0.06 340 0.16 340 0.16 190 0.09 280 0.13 410 0.20 350 0.17 27 0.01 390 0.19
Phenanthrene µg/kg 1,500 820 0.55 310 0.21 160 0.11 210 0.14 470 0.31 470 0.31 350 0.23 750 0.50 660 0.44 500 0.33 62 0.04     1,200 0.80
Total LPAH µg/kg 5,200 2,272 0.44 923 0.18 481 0.09 643 0.12 1,557 0.30 1,555 0.30 1,003 0.19 2,136 0.41 1,997 0.38 1,606 0.31 156 0.03 3,242 0.62

HPAHs
Benzo(a)anthracene µg/kg 1,600 810 0.51 320 0.20 180 0.11 190 0.12 530 0.33 460 0.29 380 0.24 760 0.48        670 0.42 450 0.28 63 0.04 590 0.37
Benzo(a)pyrene µg/kg 1,600 890 0.56 410 0.26 210 0.13 250 0.16 780 0.49 710 0.44 500 0.31 790 0.49        930 0.58 640 0.40 86 0.05 680 0.43
Benzofluoranthenes (total) µg/kg 3,600     1,500 0.42 820 0.23 410 0.11 460 0.13     1,500 0.42     1,300 0.36     1,100 0.31     1,600 0.44     1,900 0.53     1,200 0.33 210 0.06 940 0.26
Benzo(g,h,i)perylene µg/kg 720 510 0.71 260 0.36 140 0.19 170 0.24 500 0.69 410 0.57 240 0.33 390 0.54        490 0.68 390 0.54 59 J 0.08 240 0.33
Chrysene µg/kg 2,800 930 0.33 500 0.18 240 0.09 250 0.09 780 0.28 670 0.24 570 0.20     1,100 0.39     1,000 0.36 620 0.22 100 0.04 660 0.24
Dibenzo(a,h)anthracene µg/kg 230 170 0.74 85 0.37 46 J 0.20 52 J 0.23 170 0.74 140 0.61 76 0.33 120 0.52        150 0.65 110 0.48 42 U NA 71 0.31
Fluoranthene µg/kg 2,500     1,300 0.52 580 0.23 330 0.13 370 0.15 800 0.32 720 0.29 570 0.23     1,700 0.68     1,300 0.52 780 0.31 130 0.05 970 0.39
Indeno(1,2,3-cd)pyrene µg/kg 690 460 0.67 230 0.33 130 0.19 150 0.22 430 0.62 370 0.54 220 0.32 370 0.54        440 0.64 330 0.48 48 J 0.07 210 0.30
Pyrene µg/kg 3,300     2,500 0.76 900 0.27 590 0.18 670 0.20     1,400 0.42     1,200 0.36 980 0.30     2,300 0.70     2,000 0.61     1,300 0.39 180 0.05     2,800 0.85
Total HPAH µg/kg 17,000 9,070 0.53 4,105 0.24 2,276 J 0.13 2,562 J 0.15 6,890 0.41 5,980 0.35 4,636 0.27 9,130 0.54 8,880 0.52 5,820 0.34 876 J 0.05 7,161 0.42

Other
Dimethyl phthalate µg/kg 160 15 0.09 9.5 0.06 8.2 0.05 7.5 0.05 16 0.10 13 0.08 38 0.24 15 0.09 19 0.12 12 0.08 3.2 J 0.02 3.8 J 0.02
Diethylphthalate µg/kg 200 41 0.21 27 U NA 35 0.18 32 U NA 27 U NA 27 U NA 27 U NA 27 U NA 32 U NA 32 0.16 32 U NA 32 U NA
Di-n-butyl phthalate µg/kg 1,400 60 0.04 29 0.02 45 0.03 43 0.03 40 0.03 36 0.03 28 U NA 29 0.02 41 0.03 36 0.03 33 U NA 33 U NA
Butyl benzyl phthalate µg/kg 900 360 0.40 190 0.21 150 0.17 110 0.12 210 0.23 210 0.23 220 0.24 220 0.24 260 0.29 210 0.23 37 J 0.04 76 J 0.08
Bis(2-ethylhexyl)phthalate µg/kg 1,300     1,100 0.85 880 0.68 510 0.39 490 0.38     1,100 0.85     1,100 0.85     1,600 1.23     1,300 1.00     1,300 1.00     1,100 0.85 510 0.39 400 0.31
Di-n-octyl phthalate µg/kg 6,200 36 U NA 30 U NA 36 U NA 36 U NA 30 U NA 30 U NA 51 J 0.01 32 J 0.01 52 J 0.01 39 J 0.01 36 U NA 35 U NA
Phenol µg/kg 420 43 0.10 32 0.08 20 U NA 24 0.06 45 0.11 42 0.10 39 0.09 39 0.09 55 0.13 43 0.10 15 0.04 58 0.14
2-Methylphenol µg/kg 63 4.6 U NA 3.9 U NA 4.7 U NA 4.6 U NA 3.9 U NA 3.9 U NA 3.9 U NA 4.8 J 0.08 6.9 J 0.11 4.7 U NA 4.6 U NA 8.2 J 0.13
4-Methylphenol µg/kg 670 27 0.04 17 0.03 2.5 U NA 2.5 U NA 2.1 U NA 2.1 U NA 20 0.03 34 0.05 37 0.06 33 0.05 2.5 U NA 170 0.25
2,4-Dimethylphenol µg/kg 29 6.0 0.21 4.2 0.14 1.8 U NA 1.8 U NA 6.8 0.23 7.9 0.27 4.8 0.17 8.9 0.31 8.4 0.29 6.9 0.24 1.8 U NA 12 0.41
Pentachlorophenol µg/kg 360 43 U NA 36 U NA 43 U NA 43 U NA 36 U NA 36 U NA 36 UJ NA 36 UJ NA 43 U NA 43 U NA 43 U NA 43 U NA
Benzyl alcohol µg/kg 73 90 U NA 28 J 0.38 73 U NA 73 U NA 22 J 0.30 29 J 0.40 51 J 0.70 32 J 0.44 73 J 1.00 43 J 0.59 25 J 0.34 38 J 0.52
Benzoic acid µg/kg 650 62 UJ NA 52 UJ NA 63 UJ NA 62 UJ NA 52 UJ NA 52 UJ NA 52 UJ NA 52 UJ NA 62 U NA 62 U NA 62 U NA 62 U NA
1,2-Dichlorobenzene µg/kg 50 2.2 U NA 1.9 U NA 2.2 U NA 2.2 U NA 1.9 U NA 2.0 J 0.04 1.9 U NA 1.9 U NA 3.5 J 0.07 2.2 UJ NA 2.2 UJ NA 2.4 J 0.05
1,3-Dichlorobenzene µg/kg 170 2.5 U NA 2.1 U NA 2.5 U NA 2.5 U NA 2.1 U NA 2.1 U NA 2.1 U NA 2.1 U NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA
1,4-Dichlorobenzene µg/kg 110 11 J 0.10 7.2 J 0.07 4.2 J 0.04 5.8 J 0.05 13 J 0.12 14 J 0.13 12 J 0.11 11 J 0.10 16 J 0.15 18 J 0.16 2.6 UJ NA 5.9 J 0.05
1,2,4-Trichlorobenzene µg/kg 51 2.6 U NA 2.1 U NA 2.6 U NA 2.6 U NA 2.1 U NA 2.1 U NA 2.2 U NA 2.1 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA
Hexachlorobenzene µg/kg 22 1.7 U NA 1.5 U NA 1.8 U NA 1.7 U NA 1.5 U NA 1.5 U NA 1.5 U NA 1.5 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA
Dibenzofuran µg/kg 540 100 0.19 63 0.12 27 0.05 37 0.07 100 0.19 99 0.18 64 0.12 93 0.17 120 0.22 81 0.15 8.8 0.02 110 0.20
Hexachlorobutadiene µg/kg 11 2.7 U NA 2.3 U NA 2.8 U NA 2.7 U NA 2.3 U NA 2.3 U NA 2.3 U NA 2.3 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA
N-Nitrosodiphenylamine µg/kg 28 12 0.43 7.3 0.26 5.1 0.18 5.5 0.20 15 0.54 13 0.46 8.2 0.29 11 0.39 18 0.64 14 0.50 2.2 J 0.08 14 0.50

Pesticides
p,p'-DDD µg/kg 16 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 6.0 U NA 6.0 U NA 6.0 U NA 5.9 U NA
p,p'-DDE µg/kg 9 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 3.0 U NA 3.0 U NA 3.0 U NA 3.0 U NA
p,p'-DDT µg/kg 34 7.4 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 9.0 UJ NA 9.0 UJ NA 9.0 U NA 8.9 UJ NA

PCBs
PCB-1016 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1221 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1232 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1242 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCB-1248 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCB-1254 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCB-1260 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCBs (total) µg/kg 300 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

Qualifiers:
U - Undetected

NR-06 NR-07
NR-13-Y2 NR-14-Y2

Station NR-16 NR-17
NR-10-Y2-2 NR-12-Y2

NR-11

0 to 10 cm

NR-13

0 to 10 cm 0 to 10 cm

NR-14NR-08 NR-09 NR-10 NR-12

5/28/20085/28/2008
0 to 10 cm 0 to 10 cm0 to 10 cm

NR-11-Y2
5/28/2008 5/28/2008 5/28/2008

NR-17-Y2NR-16-Y2
5/29/2008

0 to 10 cm 0 to 10 cm 0 to 10 cm
5/29/2008 5/29/2008

Sample ID
Sample Date

NR-06-Y2

0 to 10 cm
5/27/2008 5/27/2008

0 to 10 cm

NR-08-Y2 NR-09-Y2 NR-10-Y2

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.

Table 2-3
Summary of Year 2 Natural Recovery and Enhanced Natural Recovery Surface Sample (0 to 10 cm) Results

Parameter

NR-07-Y2
5/27/2008 5/28/2008

Sample Depth 0 to 10 cm

Annual Operations, Maintenance, and Monitoring Report - Year 2
Table 2-3 - Y2 NR and ENR ResultsTable 3 Table 2-3
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Units SQO
Conventionals

Total Organic Carbon mg/kg NC
Total Solids % NC

Metals
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

SVOCs
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
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
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

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

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

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

Qualifiers:
U - Undetected

Station 
Sample ID

Sample Date

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.

Parameter
Sample Depth

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

  14,300 NA   12,600 NA    140,000 NA    9,140 NA    7,660 J NA    3,340 J NA    7,460 NA
66.9 NA 67.8 NA 37.6 NA 84.4 NA 81.6 NA 81.2 NA 82.1 NA

2.2 U 0.01 5.7 J 0.04 7.9 J 0.05 1.1 U NA 1.1 U NA 1.1 U NA 1.0 U NA
11.1 0.19 11.2 0.20 34.4 0.60 6.0 0.11 5.1 0.09 4.6 J 0.08 5.1 0.09
1.68 0.33 1.73 0.34 4.04 0.79 0.214 J 0.04 0.244 J 0.05 0.309 0.06 0.284 0.06
52.8 0.14 59.5 0.15 209 0.54 41.9 0.11 43.3 0.11 30.6 0.08 35.7 0.09
43.1 0.10 44.3 0.10 144 0.32 39.8 0.09 38.2 0.08 20.2 0.04 17.8 0.04
14.7 0.11 16.0 0.11 23.9 0.17 12.9 0.09 15.2 0.11 11.4 0.08 17.2 0.12
2.23 J 0.37 2.31 J 0.38 5.26 J 0.86 1.92 J 0.31 2.18 J 0.36 2.03 J 0.33 2.10 J 0.34
103 0.25 142 0.35 253 0.62 70.1 0.17 74.1 0.18 56.2 0.14 63.3 0.15

0.178 0.30 0.103 0.17 0.428 0.73 0.066 0.11 0.089 0.15 0.025 0.04 0.061 0.10

270 0.40 170 0.25 270 0.40 61 0.09 74 0.11 29 0.04 46 0.07
78 0.16 45 0.09 270 0.54 22 0.04 26 0.05 4.2 0.01 18 0.04

140 0.11 85 0.07 240 0.18 69 0.05 71 0.05 25 0.02 33 0.03
300 0.31 170 0.18 920 0.96 110 0.11 120 0.13 49 0.05 53 0.06
130 0.24 63 0.12 380 0.70 39 0.07 30 0.06 14 0.03 31 0.06
380 0.18 230 0.11 800 0.38 120 0.06 160 0.08 44 0.02 110 0.05
660 0.44 460 0.31        2,000 1.33 460 0.31 350 0.23 160 0.11 520 0.35

1,958 0.38 1,223 0.24 4,880 0.94 881 0.17 831 0.16 325 0.06 811 0.16

500 0.31 360 0.23        1,400 0.88 280 0.18 190 0.12 120 0.08 120 0.08
490 0.31 320 0.20 960 0.60 210 0.13 200 0.13 98 0.06 130 0.08
760 0.21 620 0.17        2,500 0.69 540 0.15 480 0.13 170 0.05 360 0.10
180 0.25 200 0.28 580 0.81 190 0.26 180 0.25 69 J 0.10 110 0.15
670 0.24 510 0.18        2,000 0.71 530 0.19 360 0.13 150 0.05 270 0.10

58 J 0.25 67 J 0.29 190 0.83 52 J 0.23 47 J 0.20 42 U NA 42 U NA
720 0.29 640 0.26        3,000 1.20    1,100 0.44 710 0.28 220 0.09 770 0.31
160 0.23 170 0.25 600 0.87 150 0.22 150 0.22 60 J 0.09 100 0.14

    1,700 0.52     1,200 0.36        5,800 1.76    1,300 0.39 500 0.15 320 0.10 730 0.22
5,238 J 0.31 4,087 J 0.24 17,030 1.002 4,352 J 0.26 2,817 J 0.17 1,207 J 0.07 2,590 0.15

6.3 0.04 11 0.07 31 0.19 3.0 J 0.02 4.5 0.03 3.6 J 0.02 7.5 0.05
32 U NA 32 U NA 39 U NA 32 U NA 36 0.18 32 U NA 32 U NA
33 U NA 37 0.03 190 0.14 40 0.03 36 0.03 33 0.02 33 U NA

200 0.22 350 0.39        1,700 1.89 93 0.10 57 J 0.06 82 J 0.09 330 0.37
650 0.50     2,400 1.85        2,000 1.54 130 0.10 180 0.14 83 0.06    7,200 5.54

44 J 0.01 100 0.02 43 U NA 36 U NA 36 U NA 35 U NA 51 J 0.01
79 0.19 190 0.45 77 0.18 85 0.20 130 0.31 59 0.14 240 0.57

6.0 J 0.10 7.4 J 0.12 5.6 U NA 4.6 U NA 4.7 U NA 36 0.57 4.9 J 0.08
83 0.12 110 0.16 17 0.03 13 0.02 9.8 0.01 2.5 U NA 2.5 U NA

6.0 0.21 7.2 0.25 3.9 J 0.13 2.8 J 0.10 1.8 U NA 1.8 U NA 1.8 U NA
43 U NA 43 U NA 52 U NA 61 J 0.17 43 U NA 43 U NA 43 U NA
33 J 0.45 36 J 0.49 43 J 0.59 73 U NA 73 U NA 73 U NA 73 U NA
71 J 0.11 68 J 0.10 250 0.38 130 J 0.20 62 UJ NA 62 UJ NA 62 UJ NA

6.7 J 0.13 29 J 0.58 5.2 J 0.10 2.2 U NA 2.2 U NA 2.2 U NA 3.2 J 0.06
2.5 UJ NA 2.5 UJ NA 3.0 UJ NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA
9.3 J 0.08 16 J 0.15 18 J 0.16 2.6 UJ NA 2.6 UJ NA 2.6 UJ NA 2.6 UJ NA
2.6 U NA 2.6 U NA 3.1 U NA 2.6 U NA 2.6 U NA 2.6 U NA 5.7 0.11
1.7 U NA 1.7 U NA 2.1 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA
87 0.16 53 0.10 220 0.41 32 0.06 38 0.07 12 0.02 39 0.07

2.7 U NA 2.7 U NA 3.3 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA
17 0.61 13 0.46 24 0.86 4.3 0.15 5.5 0.20 2.0 U NA 2.3 J 0.08

5.0 U NA 5.0 U NA 6.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA
2.5 U NA 2.5 U NA 3.0 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA
7.4 U NA 7.5 U NA 9.0 U NA 7.4 U NA 7.5 U NA 7.4 U NA 7.5 U NA

9.9 U NA 9.9 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
9.9 U NA 9.9 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
9.9 U NA 9.9 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
12 U NA 12 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
12 U NA 12 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
12 U NA 12 U NA 380 NA 15 U NA 500 NA 15 U NA 15 U NA
12 U NA 12 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
12 U NA 12 U NA 380 1.27 15 U NA 500 1.67 15 U NA 15 U NA

SR-10-Y2NR-20-Y2 NR-25-Y2 SR-11-Y2
SR-11 SR-13

SR-10-Y2-2
SR-10NR-19 NR-20 NR-25

6/23/2008
NR-19-Y2

5/23/2008
SR-13-Y2

0 to 10 cm0 to 10 cm
6/24/2008 5/23/2008

0 to 10 cm 0 to 10 cm
5/23/2008

0 to 10 cm
5/23/20086/23/2008

0 to 10 cm 0 to 10 cm
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Low Tide Slope Cap Inspection

Monitoring Intervals and
Slope Cap Sample Locations

Thea Foss and Wheeler-Osgood Waterways
Annual OMMP Report

0 300 600

Scale in 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.

·  Baseline low tide slope cap inspection and slope cap composite

   sampling performed during Year 2 (June 2008).
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·  Benchmark Control Location coordinates provided in WA State
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   sampling performed during year 2 (June 2008).

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

Slope Cap

!8 City of Tacoma Outfall and Designation

!8 Private (No Designation Provided)

881

216 Benchmark Control Location and Designation!A
Monument             Northing          Easting

        214                   704658             1161062
        215                   703690             1160983
        216                   703211             1161010

Channel Sand Cap

Low Tide Slope Cap Inspection Area 
Designation and Monitoring Intervals

RA-19A

"" "

12 Monitoring Interval Designation

File: F:\projects\COT-Oncall\GIS\2008 Yr 2 Annual OMMP Report\Figure 2-1 (Low-tide SC Insp Monitoring Intervals and Samp Loc (2of2)).mxd
Date: 1/22/2009

SC-19A

!H !H !H Slope Cap Sample Location

Sample Designation

Remedial Areas,8



Totem
Marine

Petrich
Marine

Thea's
Park

Foss Waterway
Marina

Foss Harbor 
Marina

! !!!

!
!

!

!

!

!

!

!

!

!

8 888

8
8

8

8

8

8

8

8

8

8

!!!

!

!

!

!

!
!

!

888

8

8

8

8

8
8

8

,
,

,

,

,

,
,

,
,

42+00

41+00

40+00

39+00

38+0 0

3 7 +00

3 6 +00

35 +0 0

3 4+0 0

3 3+0 0

3 2 +0 0

3 1 +00

30 +0 0

29 +0 0

2 8+0 0

1+00

2+0

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

Cable Crossing
Area

Cable Crossing
Area

,  3  

225

224

11
th

 S
tr

e
e

t 
B

ri
d

g
e

M
atch-Line

M
atch-Line

Commencement Bay

221

208

218

223

222

207/5

214/881
5

4

8

7

7A

2A

1B

1A

3

Figure 2-2 (Page 1 of 2)
Subtidal Hydrographic Survey Areas

Thea Foss and Wheeler-Osgood Waterways
Annual OMMP Report

0 300 600

Scale in Feet

¹

Notes:
·  Base map generated from CAD drawings supplied by Walker and
   Associates, based on a March 2006 aerial survey.
·  Post-construction hydrographic surveys performed by David Evans
   and Associates, Inc. on December 21-22, 2005 and February 12,
   2006.  Post-construction hydrographic surveys in RA1 and RA 3
   performed by Parametrix, Inc. in February 2003.
·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995).  

Legend

Subtidal Hydrographic Survey Area

Approximate Elevation of 0 feet MLLW

City of Tacoma Outfall and Designation

Private Outfall (No Designation Provided)

881 !8

!8

Remedial Area

Grout Mat

File: F:\projects\COT-Oncall\GIS\2008 Yr 2 Annual OMMP Report\Figure 2-2 (Subtidal Hydrographic Survey Areas (1of2)).mxd
Date: 1/22/2009

,8

Thea Foss Waterway

Site Overview



Petrich
Marine

Foss Harbor 
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

,

,
,

,

,
,

,

,

,
,

,

, ,

,

,

, ,

,

,
,

!A

!A
!A

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

42+00

50+00

49+00

48+00

47+00

46+00

45+00

44+00

43+00

41+00

40+00

39+00

38+0 0

3 7 +0 0

3 6 +00

3 5 +00

1+00

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

Head of the 
Thea Foss 
Shoreline 

Habitat

Log Step Habitat
Enhancement

Johnny's Dock
Habitat

Enhancement

Cable Crossing
Area

Cable Crossing
Area

SR 509 Esplanade
Riparian Habitat

Utilities Project Area

M
atch-Line

M
atch-Line

225

224

237B

237A

Approximate Location
of Sheet Pile Wall
(Site Boundary)

S
R

 5
0

9
 B

ri
d

g
e

11
th

 S
tr

e
e

t 
B

ri
d

g
e

214

215
216

243

245

249
248

230
235

254

6

9

5

8

7

11

10

2221

20

18
17

16

15

14

13

12

7A
19B

19A

Figure 2-2 (Page 2 of 2)
Subtidal Hydrographic Survey Areas

Thea Foss and Wheeler-Osgood Waterways
Annual OMMP Report

0 300 600

Scale in 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.
·  Post-construction hydrographic surveys performed by David Evans
   and Associates, Inc. on December 21-22, 2005 and February 12,
   2006.  Post-construction hydrographic surveys in RA1 and RA 3
   performed by Parametrix, Inc. in February 2003.
·  Outfall locations provided by City of Tacoma. Outfall numbers
   provided by City of Tacoma or Tacoma-Pierce County Health
   Department Figure E-1 (1995). 
·  Benchmark control location coordinates provided in WA State
   Plane Coordinates, South Zone, (NAD 83/91).

Legend

Subtidal Hydrographic Survey Area

216 Benchmark Control Location and Designation!A
Monument             Northing          Easting

        214                   704658             1161062
        215                   703690             1160983
        216                   703211             1161010

Approximate Elevation of 0 feet MLLW

City of Tacoma Outfall and Designation

Private Outfall (No Designation Provided)

881 !8

!8

Remedial Area

File: F:\projects\COT-Oncall\GIS\2008 Yr 2 Annual OMMP Report\Figure 2-2 (Subtidal Hydrographic Survey Areas (2of2)).mxd
Date: 1/22/2009

,8

Grout Mat



Totem
Marine

Petrich
Marine

Thea's
Park

Foss Waterway
Marina

Foss Harbor 
Marina

! !!!

!
!

!

!

!

!

!

!

!

!

8 888

8
8

8

8

8

8

8

8

8

8

!!!

!

!

!

!

!
!

!

888

8

8

8

8

8
8

8

!H

!H
!H

!H
!H

!H

!H!H!H

,

,

,

,

""

"

"

"

"

"""

""

"""

"""

"""

"""

""

"

"" """

""

v[

x

x

x

x

w[x

w[

w[x

w[x

w[x

w[x

w[

w

w[ w[x

[x

XTXT

XT

XT

XT

XT

XTXTXT
XTXT

XTXTXT

XTXTXT

XTXTXT

XTXTXT

XTXT

XT

XTXT XTXTXT

XTXT

42+00

41+00

40+00

39+00

38+0 0

3 7 +00

3 4+0 0

3 3 +0 0

3 2 +00

3 1 +00

30 +0 0

1+00

2+00

3+0

25+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

225

224

11
th

 S
tr

e
e

t
B

ri
d

g
e

M
atch-Line

M
atch-Line

,1B

SC-03-D3

SC-03-D1

SC-01-D3

SC-01-D1

SC-03-D2

SC-01-D2

SC-03

SC-08A

SC-08A-D3 SC-08A-D2 SC-08A-D1

EW-06

EW-08

EW-09

EW-07

EW-10
EW-13

EW-11

EW-15

EW-16
EW-12

EW-01

NR-11

NR-06

NR-08

NR-09

NR-07

NR-10

NR-16
NR-12

NR-14

NR-13

CC-01

BR-09

BR-07

BR-10

BR-11
BR-16

BR-15

BR-02

BR-03

BR-04

BR-05

BR-06

SC-01

,1A

4,

Cable
Crossing

Area

8,

Cable
Crossing

Area

,7

222

223

218

214/881

208

207/5

221

2A

3

7A

5

6

8

9

7

10

11

13

12
16

15

14

2

3

4

5

Figure 2-3 (Page 1 of 2)
Year 2 Performance Monitoring and
Early Warning Sampling Locations

Thea Foss and Wheeler-Osgood Waterways
Annual OMMP Report

0 300 600

Feet

Thea Foss Waterway

Site Overview

¹Notes:
·  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 and slope cap composite
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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

Slope Cap
!8 City of Tacoma Outfall and Designation

!8 Private (No Designation Provided)

881
Channel Sand Cap

File: F:\projects\COT-Oncall\GIS\2008 Yr 2 Annual OMMP Report\Figure 2-3 (Perf Mon and Early Warn Samp Loc Frame 1).mxd
Date: 2/6/2009

SC-01

!H !H !H
Slope Cap Sample Location

Sample Designation

Remedial Areas,8
Sample Location, Number, Type, and Interval

Channel Sand Cap Performance
(0 to 10 cm)

Natural Recovery Performance
(0 to 10 cm)

7

- Bolded sample designations indicate samples discussed
  in this preliminary findings memo.  Others are shown for
  information only.
- Sample type shaded in black at locations where samples
  were collected.

Early Warning
(0 to 2 cm)

Benthic Recolonization
(SPI, 0 to 10 cm)

EW-07

NR-07

Location
Identification

Sample
Designation

SZT

SZT""



Petrich
Marine

Foss Harbor 
Marina

Martinac
Shipyard Delin Docks 

Marina Johnny's
Dock 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

!A

!A
!A

,

,

,
,

,

,

,

,

,

,

""

"

"" """

""

"""

""

""

""

""

""

"

""

"""
""

""

"""
""

"""

"""
"""

""

w[

w

w[ w[x

[x

v[x

[x

w[

vx

w[

[x

[

w[

v[x

v[

[x

v[x

v[

vx[

v[x

v[x

[w

XTXT

XT

XTXT XTXTXT

XTXT

XTXTXT

XTXT

XTXT

XTXT

XTXT

XTXT

XT

XTXT

XTXTXT
XTXT

XTXT

XTXTXT
XTXT

XTXTXT

XTXTXT
XTXTXT

XTXT

!H

!H

!H

!H

!H

!H

!H

!H

!H

67+00

70+00

72+00

73+00

74+00

75+00

61+00

60+00

59+00

56+00

55+00

54+00

76+00

77+00

78+00

79+00

80+00

53+00

51+00

42+00

50+00

49+00

48+00

47+00

44+00

43+00

41+00

40+00

39+00

38+0 0

3 7 +0 0

1+00

2+00

4+00

5+00

6+00

7+00

8+00

10+00

11+00

12+00

13+00

15+00

16+00

!H
!H

!H

!H!H

!H!H!H
!H

!H!H

!H

!H

!H!H!H

!H !H

Utilities
Project Area

M
atch-Line

M
atch-Line

225

224

237B

237A

Approximate
Location of 
Sheet Pile Wall
(Site Boundary)

S
R

 5
0

9
 B

ri
d

g
e

11
th

 S
tr

e
e

t 
B

ri
d

g
e

1

Cable
Crossing

Area

Cable
Crossing

Area

Log Step Habitat
Enhancement

SR 509 Esplanade
Riparian Habitat

Head of Thea Foss
Shoreline Habitat

Foss Landing
Marina

SC-08A-D3
SC-08A-D1

SC-19B-D3

SC-19B-D1
SC-19A-D3 SC-19A-D2

SC-08B-D2
SC-08B-D1

SC-20-D3

SC-20-D1

SC-14-D3 SC-14-D1

SC-08A-D2

SC-19B-D2
SC-19A-D1

SC-08B-D3

SC-08A

SC-14-D2

SC-14

SC-08B SC-19A SC-19B

SC-20-D2

SC-20

8,

17,

,19A

21,

,16

32

Johnny's Dock
Habitat Enhancement

S
R

-1
0

S
R

-1
1

SR-13

SR-10-D3

SR-10-D1

SR-11-D1

SR-11-D3

SR-13-D2

SR-10-D2

SR-11-D2

SR-13-D3

SR-13-D1

,12

13,

,9

11,

,6

EW-23

EW-21

EW-17

EW-19

EW-24

EW-25

EW-26

EW-27

EW-28

EW-29

EW-30

EW-31

EW-32

EW-33

EW-20

EW-22
EW-13

EW-12
EW-16

EW-15NR-13

NR-14

NR-12

NR-16

NR-17

NR-19

NR-25

NR-20

CC-27

CC-26

CC-18

CC-32
CC-23

CC-33

CC-31

CC-30

CC-29

BR-21

BR-23

BR-15

BR-16

BR-26

BR-28

BR-22

BR-18

BR-29

BR-31

BR-32

BR-33

13

14

12
16

15

23

21

17

18

19

22

24

25

26

27

28

29

30

31

33

20

214

216215

254

235
230

248
249

245

243

7

7A

5

14

15

18

20

22

19B

10

Figure 2-3 (Page 2 of 2)
Year 2 Performance Monitoring and
Early Warning Sampling Locations

Thea Foss and Wheeler-Osgood Waterways
Annual OMMP Report

0 300 600

Scale in Feet

Thea Foss Waterway

Site Overview

¹

Notes:
·  Base map generated from CAD drawings supplied by Walker
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·  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 and slope cap composite

   sampling performed during Year 2 (June 2008).
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ical Sediment 
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B and are also summarized below. 

 and Wheeler- 
overy areas.  
oring locations 

 warning threshold 
concentrations as specified in the OMMP.  The results are initially compared to SQO criteria and 
if chemical concentrations exceed SQO criteria the results are then compared to the early 

ent concentrations.  The use of model predicted threshold sediment 
ns was selected during the remedial design to provide a potential recontamination 

trigger and to be consistent with the remedial action objectives for the project.  The early 
warning threshold concentrations provide contaminant levels for the 0 to 2 cm interval which are 
expected to correlate to compliance with the SQOs in the 10 cm compliance interval.  Several 
years are required to accumulate 10 cm of new sediment assuming a sedimentation rate of 1 to 
2 cm/yr, during which time contaminants are attenuated by pore water advection, dispersion, 

3.0 EARLY WARNING MONITORI
 
3.1 Introduction  
 
Early warning monitoring for recontamination, referred to as early warning mo
performed to evaluate the potential for recontamination in the Thea Foss and
Waterways.  As described in Section 3.0 of the Operations, Maintenance, an
(OMMP) (City of Tacoma 2006), early warning monitoring includes collection
recently deposited sediments represented by the 0 to 2 cm interval of 
The upper 2 cm of the sediment column is not a compliance interval for r
waterway, but was selected because it represents the most recently deposite
can be effectively sampled.  The 0 to 10 cm interval is the compliance interval
remediation project.  Early warning sampling and analysis data are used to evaluate the 
pote

term monitoring objectives.  Early warning monitoring is performed th
and Wheeler-Osgood Waterways including dredged to clean, capped, and natu
areas. 
 
Early warning monitoring is specifically designed to achieve the following objectives: 
 
 Monitor the chem

Thea Foss and Wheeler-Osgood Waterways with attention to potential so
recontamination (i.e., marinas, outfalls, industrial facilities, etc.); and 

 Identify potential sources of recontamination if exceedences of chem
Quality Objectives (SQO) and early warning threshold con
are predicted to occur. 

 
The results of the Year 2 early warning monitoring are presented in the Yea
Cap Performance and Early Warning Monitoring Preliminary Findings Memor
Tacoma 2008) included as Attachment B-1 in Appendix 
 
3.2 Summary of Early Warning Monitoring Requirements 
 
Year 2 early warning sample locations are located throughout the Thea Foss
Osgood waterways in dredged to clean, channel sand capped, and natural rec
There are a total of 27 early warning monitoring locations.  Early warning monit
are monitored using discrete surface sediment samples (0 to 2 cm).   
 
The early warning analytical results are compared to the SQOs and the early

warning threshold sedim
concentratio
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ocumenting 
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samples were submitted to the City of Tacoma laboratory under approved sampling handling 
and chain-of-custody procedures for the analysis of conventionals (i.e., total organic carbon and 
total solids), metals, semi-volatile organic compounds (SVOCs), pesticides, and polychlorinated 

henyls (PCBs) in accordance with the OMMP.   
 
Data validation was performed on the laboratory analyses for the samples in accordance with 
the OMMP.  The qualifiers resulting from data validation are presented in the summary of the 
Year 2 early warning sample analytical results provided in Table 3-1.    
 

and biodegradation.  It should be noted that threshold criteria were only establis
of the parameters analyzed for on the project, PAHs and DEHP, as they were r
constituents with the highest probability for recon
parameters were set at their respective SQO. 
 
The early warning data are also compared to the results for co-located perform
samples (i.e., 
where available.  The results of the performance monitoring samples are
2.0 of this report.   
 
Additionally, in future early warning monitoring e
concentrations will be evaluated for through-time concentration trends.  Early 
monitoring sampling and analysis was performed for the first time as part of Year 2 monitoring 

 
Refer to the Sediment Sampling Operations Manual presented in the OMMP for mo
requirements. 
 
3.3 Summary of Field Activities, Analyses, and Reporting 
 
Early warning surface sediment (0 to 2 cm) samples were collected at 27 locati
monitoring events on the Thea Foss and Wheeler-Osgood Waterways.  These 
monitoring locations included nine channel sand cap monitoring stations, 13 n
and enhanced natural recovery monitoring stations, and five dredged to cl
sand cap performance surface sediment (0 to 10 cm) samples, discussed in S
and natural recovery and enhanced natural recovery performance surface se
cm) samples, discussed in Section 2.3, were also collected during these two
The first event occurred May 27-29, 2008, and sampling was conducted at
Thea Foss 
Waterway (west of Station 11+00).  The second event occurred on June 23-2
sampling was conducted at the south end of the Thea Foss Waterway (south o
and at the east end of the Wheeler-Osgood Waterway (east of Station 11+00). 
Section 2 identifies the early warning sampling locations.  The early warning m
performed in accordance with the Sediment Sampling Operations Manual prese
OMMP.   
 
The early warning samples were collected using a vessel deployed Van Veen
Early warning samples were designated by EW, followed by the sample statio
then the sample year (e.g., EW-15-Y2).  Sample collection forms and photographs d

bip
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and cap areas, 
 areas are 

r early warning 
 earlier in this 

mpliance with 
n.  Concentrations 

early warning samples 
 compared to early 

of early warning 
y warning 
  Chemical 

 interval (i.e., presumed 
to be the most recent deposition) are expected to correlate to chemical concentrations that are 

ars of sediment 
ich time 

n. 
 

s and photographs 
nd Early 

nt B-1 in Appendix 

ollected from 17 of 27 early warning sample stations 
did not exceed the SQOs.  Bis(2-ethylhexyl)phthalate (DEHP) was the only chemical to exceed 

ple stations, and 
 exceed the early 

centration.  Samples collected from the five remaining early warning 
icals detected at concentrations that were greater than the 

annel Sand Cap Areas – Of the nine early warning samples 
s, five of these samples had detected concentrations 

ple EW-26-Y2 located on the border of RA 16 and RA 17; 

 Sample EW-30-Y2 from RA 21.   
 

The detected concentrations in these five samples were generally less than one-half the SQOs.  
However, DEHP was detected in sample EW-27-Y2 at a concentration (i.e. 1,200 μg/kg) just 
below the SQO. 
 
Early warning sample EW-23-Y2 was collected from the channel sand cap area in RA 6, near 
City Outfall 230.  Sample EW-23-Y2 had detections of benzo(g,h,i)perylene, dibenzo(a,h)-

3.4 Summary of Monitoring Results 
 
The analytical results from early warning samples collected in the channel s
natural recovery and enhanced natural recovery areas, and dredged to clean
presented below and are summarized in Table 3-1.  The analytical results fo
samples were compared to the SQOs as specified in the OMMP.  As discussed
section, early warning sample results are not for the purpose of determining co
performance criteria, but are used to evaluate the potential for recontaminatio
that are greater than the SQOs are highlighted in red in Table 3-1.  The 
with chemical concentrations that were greater than the SQOs were also
warning threshold concentrations as required by the OMMP.  The comparison 
sample results to the threshold concentrations is presented in Table 3-2.  Earl
threshold concentrations are used to predict the potential for recontamination.
concentrations that are below threshold concentrations in the 0 to 2 cm

less than the SQOs in the compliance interval (i.e., 0 to 10 cm) after several ye
deposition, when 10 cm of sediment accumulation has occurred, and during wh
contaminants are attenuated by pore water advection, dispersion, and biodegradatio

The detailed results of the Year 2 early warning sampling, including field form
for the samples, are presented in the Year 2 Sediment and Cap Performance a
Warning Monitoring Preliminary Findings Memorandum provided in Attachme
B.   
 
The detected concentrations in samples c

the SQOs in samples collected from 5 of the remaining 10 early warning sam
the DEHP concentrations detected in samples from these locations did not
warning threshold con
locations had one or more chem
SQOs and early warning threshold concentrations. 
 
Early Warning Samples in Ch
collected from channel sand cap area
below the SQOs, including: 
 
 Sample EW-01-Y2 from RA 1A; 

 Sam

 Sample EW-27-Y2 from RA 17; 

 Sample EW-29-Y2 from RA 19A; and  
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 SQOs.  
 concentrations of 

μg/kg also exceeded the 

A 19A, RA 20, 
cted 

, and EW-33-Y2).  
ove the SQO, with 
amples were 

ations in these 
of seven chemicals 
yrene, and DEHP, 
f RA 19A.  Only 

ple EW-32-Y2.   

ecovery Areas –  
s north of the 11th Street 

Bridge (EW-06 through EW-11) and only one of these samples, sample EW-11-Y2, had a 
 concentrations 

w the SQOs.  
 detected 

Early warning samples EW-12-Y2 and EW-13-Y2 collected from the natural recovery area south 
ns below the SQOs 

-Y2 at 
e early warning 

μg/kg) was at the SQO.   

covery area 
e west side of the Thea Foss Waterway in the Foss Harbor Marina.  The detected 

 SQOs, with the 
g) that is 

ocated near the 
s substantially 

Early warning sample EW-19-Y2 located in the natural recovery area near the head of the 
Wheeler-Osgood Waterway had multiple detected chemical concentrations that were greater 

n the SQOs.  Twelve SVOCs were detected at concentrations greater than the SQOs in 
sample EW-19-Y2 as shown in Table 3-1.  The exceedences ranged from approximately 1.1 to 
4.5 times the SQOs, with the highest SQO exceedence being for phenanthrene (i.e., 6,800 
μg/kg).  Only one chemical, n-nitrosodiphenylamine at 75 μg/kg in sample EW-19-Y2 also 
exceeded the threshold concentration (i.e., 28 μg/kg), which, for the reasons described above, 
is set at the same concentration as the SQO.  Early warning sample EW-20-Y2 and its 
associated field duplicate are also located in the natural recovery area near the head of the 

anthracene, indeno(1,2,3-cd)pyrene, DEHP, and benzyl alcohol greater than the
Detections of these SVOCs were less than 2.3 times the SQOs.  The detected
dibenzo(a,h)anthracene (i.e., 310 μg/kg) and benzyl alcohol (i.e., 78 J 
threshold concentrations (i.e., 288 μg/kg and 73 μg/kg, respectively). 
 
Three of the early warning samples collected in the channel sand cap areas in R
and RA 22 located in the southern portion of the Thea Foss Waterway had dete
concentrations greater than the SQOs (i.e., samples EW-31-Y2, EW-32-Y2
Early warning samples EW-31-Y2 and EW-33-Y2 had only DEHP detected ab
detections at or less than 2.3 times the SQO.  DEHP detections in these two s
below the DEHP threshold concentration.  The remaining chemical concentr
samples were substantially below the SQOs.  The detected concentrations 
including acenaphthene, anthracene, fluorene, phenanthrene, total LPAH, p
were greater than the SQOs in sample EW-32-Y2 located at the south end o
DEHP (i.e., 3,900 μg/kg) also exceeded the threshold concentration in sam
 
Early Warning Samples in Natural Recovery and Enhanced Natural R
Six early warning samples were collected from natural recovery area

detected chemical concentration that was greater than the SQOs.  The detected
of all other chemicals in these early warning samples were substantially belo
DEHP was approximately 1.1 times the SQO in sample EW-11-Y2, but the
concentration did not exceed the DEHP threshold concentration.   
 

and adjacent to the 11th Street Bridge had detected chemical concentratio
except for the concentrations of DEHP.  DEHP was detected in sample EW-12
approximately 1.2 times the SQO, but this concentration did not exceed th
threshold concentration for DEHP.  The DEHP concentration in sample EW-13-Y2 (i.e., 1,300 

 
Early warning sample EW-16-Y2 was collected from the enhanced natural re
located on th
chemical concentrations in sample EW-16-Y2 were less than one-half the
exception of DEHP.  DEHP was detected at a concentration (i.e., 1,200 μg/k
approximately 0.9 times the SQO.   
 
Early warning sample EW-17-Y2 collected from the natural recovery area l
mouth of the Wheeler-Osgood Waterway had detected chemical concentration
below the SQOs. 
 

tha
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ximately 1.4 to 1.5 
QO, however, these DEHP concentrations did not exceed the DEHP threshold 

Os in sample EW-25-
hemicals with 
l LPAH, 
, DEHP, and 
ximately 1.04 to 

e highest enrichment ratio.  The concentrations for 
e., 1,000 

d the threshold 

ical concentrations were 

cept for the 
 EW-22-Y2 (i.e., 

   

thern end of RA 
mple EW-28-Y2 had six SVOCs detected at concentrations greater than the SQOs, 

ene, hexachlorobutidiene, 

approximately 2.2 times the SQOs.  With the exception of DEHP, the remaining SVOCs also 
he SQOs for these 

3.5 Summary of Early Warning Monitoring to Performance Monitoring Results 

njunction with 
ections provide 
ults for channel 

les (0 to 2 cm) to 
) in channel sand 

ample results 
are discussed in further detail in Section 2.2.2.2.  Table 6 and Tables 8 through 15 in the Year 2 
Sediment and Cap Performance and Early Warning Monitoring Preliminary Findings 

morandum provided in Attachment B-1 in Appendix B, present the results of channel sand 
cap surface samples compared to the results of co-located early warning samples.   
 
The comparison of Year 2 channel sand cap performance monitoring surface samples to the co-
located early warning samples at stations 01, 26, and 29 (samples CC-01-Y2/EW-01-Y2, CC-
26-Y2/EW-26-Y2, and CC-29-Y2/EW-29-Y2) generally indicate comparable, but slightly higher 
concentrations in the early warning samples.  However, the detected concentrations for both the 

Wheeler-Osgood Waterway and had detected DEHP concentrations appro
times the S
concentration.   
 
The detected concentrations of ten chemicals were greater than the SQ
Y2, located in the natural recovery area east of RA 16 and north of RA 15.  C
concentrations greater than the SQOs include anthracene, phenanthrene, tota
benzo(a)anthracene, fluoranthene, pyrene, total HPAH, butyl benzyl phthalate
benzyl alcohol.  The enrichment ratio for these compounds ranged from appro
2.9 times the SQOs.  Benzyl alcohol had th
the remaining chemicals were less than two times the SQO.  Butyl benzyl phthalate (i.
μg/kg) and benzyl alcohol (i.e., 210 J μg/kg) in sample EW-25-Y2 also exceede
concentrations (i.e., 900 and 73 μg/kg, respectively).  
 
Early Warning Samples in Dredged to Clean Areas – Detected chem
less than the SQOs in the four early warning samples collected from the dredge to clean areas 
in RAs 5 and 6 (samples EW-15-Y2, EW-21-Y2, EW-22-Y2, and EW-24-Y2) ex
DEHP concentration in sample EW-22-Y2.  The DEHP concentration in sample
1,300 μg/kg), located on the east side of the Thea Foss Waterway, was at the SQO. 
 
Sample EW-28-Y2 was collected in the dredge to clean area located at the sou
16.  Sa
including DEHP, 2,4-dimethylphenol, benzyl alcohol, hexachlorobenz
and n-nitrosodiphenylamine.  The detected concentrations of the SVOCs were less than 

exceed the threshold concentrations, which are the same concentrations as t
analytes.   
 

Comparisons 
 
The OMMP specifies that performance monitoring sample results be used in co
early warning sample results to evaluate concentration trends.  The following s
the comparison of Year 2 early warning and Year 2 performance monitoring res
sand cap and natural recovery areas.   
 
3.5.1 Channel Sand Cap Sample Comparisons 
 
This section compares the results of the Year 2 early warning monitoring samp
the results of the Year 2 performance monitoring surface samples (0 to 10 cm
cap areas as required by the OMMP.  Channel sand cap performance surface s

Me
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p performance and early warning samples remained approximately at or below 

r stations 27 and 30 
 concentrations less 

rning samples 
W-27-Y2, the 

89 times the SQO 
 CC-27-Y2 were 

0.18 and 0.33.  DEHP was also higher in sample EW-30-Y2 at 0.77 times the SQO while the 
ncentrations in 

ell below SQOs. 

 located in the 
HP that were 

nd cap 
 in sample EW-

le EW-33-Y2 had 
P concentration 

rning samples did 
reshold concentrations, as previously discussed.  Butyl benzyl 

-31-Y2; however, the 
e (0.88 times the 

28 times the SQO).  The 
ce samples from 

g two channel 
2-Y2) had 

 SQOs.  
, and benzyl 

 channel sand cap 
W-23-Y2.  The early 

yl alcohol.  Benzyl 
78 times the SQO in sample CC-23-Y2 but was 

-23-Y2.  Both dibenzo(a,h)anthracene and benzyl 
 sample EW-23-Y2 exceed the early warning threshold 

d DEHP at 
2-Y2 had 

HP at 
concentrations greater than the SQOs.  The enrichment ratios for sample EW-32-Y2 were 
higher than the enrichment ratios in sample CC-32-Y2.  The DEHP concentration in sample 

-32-Y2 also exceeded the threshold concentration.  
 
3.5.2 Natural Recovery Sample Comparisons 
 
This section compares the results of the Year 2 early warning monitoring samples (0 to 2 cm) to 
the results of the Year 2 performance monitoring surface samples (0 to 10 cm) in natural 
recovery and enhanced natural recovery areas as required by the OMMP.  Natural recovery and 

channel sand ca
one-half the SQOs.    
 
The results for channel sand cap performance and early warning samples fo
(samples CC-27-Y2/EW-27-Y2 and CC-30-Y2/EW-30-Y2) had all detected
than SQOs, but had higher concentrations for several analytes in the early wa
when compared to the channel sand cap performance samples.  In sample E
DEHP concentration was 0.92 times the SQO and the benzyl alcohol was 0.
while the DEHP and benzyl alcohol enrichment ratios in performance sample

DEHP enrichment ratio was 0.29 in sample CC-30-Y2.  The other detected co
both the early warning and performance samples from these stations were w
 
Samples CC-31-Y2/EW-31-Y2 and CC-33-Y2/EW-33-Y2 for stations 31 and 33
southern portion of the Thea Foss Waterway had detected concentrations of DE
greater than the SQO in the early warning samples, but not in the channel sa
performance samples.  DEHP was detected at approximately 2.3 times the SQO
31-Y2, but was only 0.85 times the SQO in sample CC-31-Y2.  Similarly, samp
a DEHP concentration that was approximately 1.4 times the SQO while the DEH
was at the SQO in sample CC-33-Y2.  DEHP concentrations in the early wa
not exceed the early warning th
phthalate was detected below the SQO in both samples CC-31-Y2 and EW
butyl benzyl phthalate concentration was higher in the early warning sampl
SQO) when compared to the channel sand cap performance sample (0.
remaining detected concentrations in both the early warning and performan
these stations were well below SQOs. 
 
Channel sand cap performance and early warning samples from the remainin
sand cap sample stations (sample CC-23-Y2/EW-23-Y2 and CC-32-Y2/EW-3
chemical concentrations for some constituents that were greater than the
Benzo(g,h,i)perylene, dibenzo(a,h)anthracene, indeno(1,2,3-cd)pyrene, DEHP
alcohol, were detected at concentrations at or greater than the SQOs in the
performance monitoring sample CC-23-Y2 and early warning sample E
warning sample enrichment ratios were either comparable to the enrichment ratios in the 
channel sand cap sample or were slightly higher with the exception of benz
alcohol was detected at a concentration of 1.
only 1.07 times the SQO in sample EW
alcohol concentrations in early warning
concentrations set forth in the OMMP.  Sample CC-32-Y2 had phenanthrene an
concentrations greater than the SQOs, while early warning sample EW-3
acenapthene, anthracene, fluorene, phenanthrene, total LPAH, pyrene, and DE

EW
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 in further detail in 
ediment and Cap 

ndum  provided in 
Attachment B-1 in Appendix B, present the results natural recovery and enhanced natural 

rning samples.   

l recovery 
 at stations 06, 

07-Y2, NR-08-Y2/EW-
, and NR-17-Y2/EW-

Y2, and EW-17-Y2 
ted in the 
s in early 
cted in the co-

erall discernable 
to have detected 
ted natural 

onitoring samples could be the result of the 
heterogeneity of sediment at the sample locations or even analytical variability, but indicate that 

an the SQOs.  
Y2 where DEHP 
mance 

 
ring sample from 
e co-located 
O (1.15 times the 

EW-12-Y2 were well 

ing sample EW-13-
t a concentration 
 sample NR-13-

Y2/EW-20-Y2) had 
rly warning 
s in the early 

tural recovery 
s approximately 1.1 

and the enrichment ratio in sample NR-11-Y2 was approximately 1.2.  In sample EW-20-Y2, the 
DEHP enrichment ratio was approximately 1.5 compared to the enrichment ratio for sample NR-

-Y2 of approximately 1.9. 
 
In early warning sample EW-19-Y2, 12 SVOCs were detected at concentrations greater than 
SQOs, including 2-methylnaphthalene, acenapthene, anthracene, fluorene, phenanthrene, total 
LPAH, benzo(a)anthracene, dibenzo(a,h)anthracene, fluoranthene, pyrene, total HPAH, and n-
nitrosodiphenylamine.  N-nitrosodiphenylamine in sample EW-19-Y2 also exceeded the 
threshold concentration set forth in the OMMP.  The corresponding natural recovery sample 

enhanced natural recovery performance surface sample results are discussed
Section 2.3.  Tables 16 through 23 and Tables 25 through 29 in the Year 2 S
Performance and Early Warning Monitoring Preliminary Findings Memora

recovery surface samples compared to the results of co-located early wa
 
The detected concentrations for Year 2 natural recovery and enhanced natura
performance monitoring surface samples and co-located early warning samples
07, 08, 09, 10, 16, and 17 (sample NR-06-Y2/EW-06-Y2, NR-07-Y2/EW-
08-Y2, NR-09-Y2/EW-09-Y2, NR-10-Y2/EW-10-Y2, NR-16-Y2/EW-16-Y2
17-Y2) were less than the SQOs.  Early warning samples EW-06-Y2, EW-10-
tended to have detected analytes at lower concentrations than what was detec
corresponding natural recovery performance samples.  Detected concentration
warning samples EW-07-Y2 and EW-09-Y2 were similar to concentrations dete
located natural recovery performance monitoring surface samples, with no ov
concentration trends.  Early warning sample EW-08-Y2 and EW-16-Y2 tended 
analytes at slightly higher concentrations than what was detected in the co-loca
recovery samples.  The overall, relatively minor variability in concentrations and trends between 
early warning and natural recovery performance m

the chemical concentrations have generally stabilized at concentrations less th
The largest difference was observed for DEHP in early warning sample EW-16-
was detected at 0.92 times the SQO, while DEHP in the natural recovery perfor
monitoring sample NR-16-Y2 was only 0.39 times the SQO.   

The detected DEHP concentration was at the SQO in the performance monito
station NR-12 collected as part of Year 2 monitoring.  DEHP was detected in th
Year 2 early warning sample EW-12-Y2 at a concentration greater than the SQ
SQO).  The remaining detected concentrations in sample pair NR-12-Y2/
below the SQOs. 
 
Chemical concentrations in sample NR-13-Y2 and the co-located early warn
Y2 did not exceed the SQOs.  However, DEHP was detected in both samples a
at the SQO.  Benzyl alcohol was also detected at a concentration at the SQO in
Y2 but was slightly lower in the early warning sample at 0.92 times the SQO. 
 
The results for stations 11 and 20 (sample NR-11-Y2/EW-11-Y2 and NR-20-
detected DEHP concentrations that were greater than the SQOs in both the ea
samples and natural recovery performance samples.  The DEHP concentration
warning samples were less than the concentrations in the co-located na
performance samples.  In sample EW-11-Y2 the DEHP enrichment ratio wa

20
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warning sample.  Other Year 2 samples collected in the vicinity of this station did not have 

nd natural 
5-Y2/EW-25-Y2) 
nthene, pyrene, 

ncentrations 
 NR-25-Y2.  Early 

than the SQOs 

 also included anthracene, total LPAH, benzo(a)anthracene, and benzyl 
alcohol.  In general, detected analyte concentrations were higher in the early warning sample 

ral recovery performance sample.  In addition, butyl benzyl phthalate 
ly warning 

 below.  A brief 
d cap and natural 
also provided 
   

ent samples 
-25-Y2, and EW-28-

 Previous sampling 
ons of benzyl 

iously mentioned in 
trations of benzyl alcohol in the 

 laboratory artifact.  A technical memo titled “Evaluation of the detection and 
 for the analysis of benzyl alcohol in Thea Foss Waterway OMMP 

ld have potentially 
reased detection of benzyl alcohol in Year 2 (2008).  This technical 

ated above, the early 
use it was not 

   
Dredge to Clean Areas 

The following provides a summary of the findings for Year 2 early warning samples in the 
dge to clean areas: 

 
 Early warning samples EW-15-Y2, EW-21-Y2, EW-22-Y2, and EW-24-Y2 were 

collected from the dredge to clean areas located in RA 5 and RA 6.  The detected 
concentrations did not exceed the SQO criteria or the threshold concentrations.   

NR-19-Y2 had detections of these 12 SVOCs that were well below the SQO.  D
concentrations in the early warning sample may be the result of heterogeneity
this portion of the Wheeler-Osgood Waterway or associated with a subcomponent of the early 

similar elevated SVOC concentrations as seen in EW-19-Y2.   
 
The detected concentrations of some constituents in both the early warning a
recovery performance monitoring samples from station NR-25 (samples NR-2
were greater than the SQOs.  Seven analytes, including phenanthrene, fluora
total HPAH, butyl benzyl phthalate, DEHP, and total PCBs, were detected at co
exceeding the SQOs in the natural recovery performance monitoring sample
warning sample EW-25-Y2 had 10 analytes detected at concentrations greater 
that included six of the seven analytes present in the natural recovery performance sample (i.e., 
excluding PCBs) and

when compared to the natu
and benzyl alcohol concentrations in the early warning sample exceed the ear
threshold concentrations.   
 
3.6 Summary of Year 2 Findings 
 
A summary of the findings from the Year 2 early warning monitoring is included
summary comparing the early warning samples to the co-located channel san
recovery and enhanced natural recovery performance monitoring samples is 
below as well as in the Year 2 Findings portions of Sections 2.2.2.2 and 2.3.  
 
As a general note, benzyl alcohol was detected in over half of the Year 2 sedim
analyzed, with three of the early warning samples (samples EW-23-Y2, EW
Y2) having benzyl alcohol concentrations that were greater than the SQO. 
events in the Thea Foss and Wheeler-Osgood Waterways had very few detecti
alcohol and the detected concentrations did not exceed the SQO.  As prev
Section 2.0, the more recent detections and higher concen
sediment may be a
extraction methods used
sediment samples” summarizes the evaluation of several factors that cou
resulted in the inc
memorandum is included in Appendix B as Attachment B-2.  Also, as indic
warning threshold concentration for benzyl alcohol was set at the SQO beca
considered to be a large recontamination risk during the design phase.   

dre



 Section 3.0 – Early Warning Monitoring for Recontamination

 

Annual Operations, Maintenance, and Monitoring Report – Year 2 
Section 3.0 Early Warning Monitoring for Recontamination 

Page 3-9 

 

an area in RA 16 
,4-dimethylphenol, 

 first early 
 16.  Six dredging 

g this area during the 
QO exceedences 
cted in the 
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ollected in 2007 
nzene, 

isiting businesses in 
valuate potential sources 

ater source 
 remaining 

xceeded the threshold concentrations, which are the same 
tions as the SQOs for these analytes.  It is likely that if threshold 

ns for these chemicals were recalculated, they would be higher than the 
gain as part of Year 4 

ples in the 
ocated channel 

 threshold 
W-01-Y2, EW-26-

hese early 
ception of DEHP in 

nd cap 

 SQOs.  Early 
ad comparable, 

nnel sand cap 
, DEHP and benzyl 

 concentrations in 
HP was also 

detected at a higher concentration in early warning sample EW-30-Y2 compared to 
its corresponding channel sand cap performance sample. 

 Early warning samples EW-31-Y2 and EW-33-Y2, located in the southern portion of 
the Thea Foss Waterway, had only DEHP detected above the SQO, with detections 
at or less than 2.3 times the SQO.  However, the DEHP concentrations detected in 
these early warning samples were well below the early warning threshold 
concentration for DEHP.  The co-located Year 2 channel sand cap performance 
samples did not have any detected chemical concentrations exceed the SQOs. 

 Early warning sample EW-28-Y2 collected from the dredge to cle
had detected concentrations of six SVOCs, including DEHP, 2
benzyl alcohol, hexachlorobenzene, hexachlorobutadiene, and n-
nitrosodiphenylamine, that were greater than the SQOs.  This is the
warning sample to be collected from the dredge to clean area in RA
confirmation samples were collected over the course of dredgin
remedial action.  None of the dredging confirmation samples had S
of the six SVOCs and only DEHP and 2,4-dimethylphenol were dete
dredging confirmation samples.  Based on the confirma
SVOCs appear to be relatively recent contaminants in RA 16.  Ca
FD21 and FD22 from the stormwater line upgradient of Outfall 248 c
by the City of Tacoma did not have detections of hexachlorobe
hexachlorobutadiene or n-nitrosodiphenylamine.  The City is v
the basin under the stormwater source control program to e
of these contaminants.  For additional information the City’s stormw
control efforts refer to Section 7.3.  With the exception of DEHP, the
SVOCs also e
concentra
concentratio
SQOs.  The early warning sample location will be monitored a
OMMP monitoring.   

 
Channel Sand Cap Areas 
 
The following provides a summary of the findings for Year 2 early warning sam
channel sand cap areas and a comparison of the early warning samples to co-l
sand cap performance samples: 
 

 The detected chemical concentrations did not exceed the SQOs or
concentrations in the Year 2 early warning samples (0 to 2 cm) E
Y2, EW-27-Y2, EW-29-Y2, and EW-30-Y2.  Detected concentrations in t
warning samples were generally well below the SQOs with the ex
sample EW-27-Y2 which was just below the SQO.  The channel sa
performance samples (0 to 10 cm) that were co-located with these early warning 
samples also had detected concentrations generally well below the
warning samples EW-01-Y2, EW-26-Y2, and EW-29-Y2 generally h
but slightly higher concentrations compared to their co-located cha
performance samples.  In early warning sample EW-27-Y2
alcohol were detected at higher concentrations compared to the
their corresponding channel sand cap performance sample.  DE
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 discussed in 
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 associated with 
al information on 

nnel sand cap 
onitoring.   

 and the Thea 
ne, total LPAH, 

EHP 
oncentration.  The 

C-32-Y2, had 
 The detected 
ample CC-32-Y2.  

ns in this channel sand cap area appear to be relatively 
localized as the compliance monitoring surface samples and early warning samples 

 in the adjacent cap areas (samples CC-29-Y2/EW-29-Y2, CC-30-Y2/EW-
t have similar 

is likely a 
ult of installation of the 

sheet pile wall.  The channel sand cap location in RA 19A will be monitored again as 

ples in the 
 early warning 

samples to the co-located natural recovery and enhanced natural recovery performance 
samples: 

 In early warning samples EW-06-Y2, EW-07-Y2, EW-08-Y2, EW-09-Y2, and EW-10-
Y2, collected from natural recovery areas north of the 11th Street Bridge, all detected 
concentrations were substantially below the SQOs.  The natural recovery 
performance monitoring surface samples co-located with these early warning 
samples also had detected chemical concentrations that were less than the SQOs.  
Of these five early warning samples, only early warning sample EW-08-Y2 tended to 

 The chemical concentrations for early warning sample EW-23-Y2, locate
western portion of RA 6 adjacent to City of Tacoma Outfall 230 had
exceedences for benzo(g,h,i)perylene, dibenzo(a,h)-anthracene, in
cd)pyrene, DEHP, and benzyl alcohol.  Dibenzo(a,h)anthracen
also exceeded the threshold concentrations in this early warning s
EW-23-Y2, the co-located channel sand cap performance monitor
Sample CC-23-Y2, also had benzo(g,h,i)perylene, indeno(1,2,3-cd)
and benzyl alcohol concentrations greater than the SQOs.  The det
concentrations in the early warning sample were comparable or jus
than the concentrations in the performance monitoring sampl
benzyl alcohol which was considerably lower in the early warning
elevated concentrations in this channel sand cap area appear to be 
early warning samples collected in the adjacent dredge to clean are
(samples EW-21-Y2, EW-22-Y2, and EW-24-Y2) and the slope cap
monitoring sample from the south end of RA-8 (sample SC-08B-Y2),
Section 2, did not have chemical concentrations greater than the 
Section 2.2.2.2, the City continues to monitor sediment and sto
230.  In addition, a comprehensive cleaning of the stormwater lines
Outfall 230 was performed in 2007.  Refer to Section 7.3 for addition
the City’s stormwater source control efforts at Outfall 230.  The cha
location in RA 6 will be monitored again as part of Year 4 OMMP m

 Early warning sample EW-32-Y2, located at the south end of RA 19A
Foss Waterway, had acenapthene, anthracene, fluorene, phenanthre
pyrene, and DEHP at concentrations greater than the SQOs.  The D
concentration in sample EW-32-Y2 also exceeded the threshold c
co-located channel sand cap performance sample, sample C
phenanthrene and DEHP at concentrations greater than the SQOs. 
concentrations in sample EW-32-Y2 generally were higher than in s
The elevated concentratio

collected
30-Y2, CC-31-Y2/EW-31-Y2, and CC-33-Y2/EW-33-Y2) did no
chemical concentrations or exceedences of the SQOs.  This area 
depositional area within the Thea Foss Waterway that is a res

part of Year 4 OMMP monitoring.   
 
Natural Recovery Areas 

The following provides a summary of the findings for Year 2 early warning sam
natural recovery and enhanced natural recovery areas and a comparison of the
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le EW-13-Y2.  The 
cantly below the 

ple EW-12-Y2 
oring sample NR-

 EW-13-Y2, the co-
2 had DEHP 

nced natural recovery 
 waterway in the 
 early warning 

onitoring sample 
wever, the detected concentrations in 

ncentrations in 
en these two 

as detected at 
 monitoring 
just below the 

ing sample, it is recommended that this area continue to be 

th of the Wheeler-
ere substantially 
ormance monitoring 
 than SQOs.  The 

early warning sample detections tended to be lower than the detections in the natural 
recovery performance sample. 

 Twelve detected SVOCs exceeded their SQOs in early warning sample EW-19-Y2, 
collected from the natural recovery area located near the head of the Wheeler-
Osgood Waterway.  The exceedences ranged from approximately 1.1 to 4.5 times 
the SQOs, with the highest SQO exceedence being for phenanthrene.  Only the 
detected concentration of n-nitrosodiphenylamine also exceeded the threshold 
concentration, which is set at the same concentration as the SQO.  Unlike sample 
EW-19-Y2, the co-located Year 2 natural recovery performance monitoring sample 

have detected analytes at slightly higher conce
its co-located natural recovery sample, sample NR-08-Y2.   

 Early warning sample EW-11-Y2 was also collected from a natural r
north of the 11th Street Bridge; however, this early warning samp
detected at a concentration slightly greater than the SQO.  The
detected in this early warning sample was well below the early warn
concentration for DEHP.  The co-located Year 2 natural recovery pe
monitoring sample, NR-11-Y2, also had DEHP detected at a concen
exceed
than the concentrations in the co-located natural recovery perform
indicating that the DEHP concentration at this station is likely to c
in the future. 

 Two early warning samples, samples EW-12-Y2 and EW-13-Y2, wer
the natural recovery area located south of and adjacent to the 1 th

Detected chemical concentrations in these two samples were below
the exception of DEHP.  DEHP was detected in sample EW-12-Y2 a
1.2 times the SQO, while DEHP was detected at the SQO in samp
detected DEHP concentrations in the two samples were signifi
threshold concentration for DEHP.  The DEHP concentration in sam
was greater than its co-located natural recovery performance monit
12-Y2 which had DEHP detected at the SQO.  Similar to sample
located natural recovery performance monitoring sample NR-13-Y
detected at the SQO.  

 Early warning sample EW-16-Y2 was collected within the enha
area located south of the 11th Street Bridge on the west side of the
Foss Harbor Marina.  The detected chemical concentrations in this
sample, as well as its co-located natural recovery performance m
NR-16-Y2, were less than the SQOs; ho
sample EW-16-Y2 tended to be slightly higher than the detected co
sample NR-16-Y2.  The largest difference in concentrations betwe
samples was for DEHP, where DEHP in the early warning sample w
0.9 times the SQO while DEHP in the natural recovery performance
sample was only 0.4 times the SQO.  As the DEHP concentration is 
SQO in the early warn
monitored as part of the Year 4 OMMP monitoring.  

 The Year 2 early warning sample EW-17-Y2, collected at the mou
Osgood Waterway, had detected chemical concentrations that w
less than the SQOs.  The co-located Year 2 natural recovery perf
sample, sample NR-17-Y2, also had chemical concentrations less
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l in sample EW-
The early warning 

 SQO as they 
 parameters at risk for recontamination during design.   

ormance monitoring sample, sample NR-25-Y2, 
for seven analytes exceed the SQOs.  In general, 

ample when 
s in sample 

eneity in the 

ing Activities 
 

plemental early warning monitoring is required to characterize Year 2 conditions in the 
Thea Foss or Wheeler-Osgood Waterways.  The next early warning monitoring, including 

n of Year 4 early warning 
f the Foss Project is 

ted ucted in Year 4 is the 
same as for Year 2 and is described in the OMMP. 
 
 
TABLES  

Table 3-1  Summary of Year 2 Early Warning Monitoring Sample (0 to 2 cm) Results 
 
Table 3-2  Early Warning SQO Exceedences Compared to Early Warning Threshold 

Concentrations 
 

NR-19-Y2 had all detected chemical concentrations well below the S
source of the elevated concentration in sample EW-19-Y2 is uncl
may not be representative of the area due to the heterogeneity of the sediment in 
this portion of the waterw
such as a piece of creosote treated wood for example, may be the
elevated SVOC concentrations.   

 In the natural recovery area located at the head of the Wheeler-Osg
both the early warning sample EW-20-Y2 and the natural recovery p
sample NR-20-Y2 collected from this area had DEHP detected
were greater than the SQO.  The DEHP concentration in the early w
detected at 1.5 tim
recovery performance sample, which was detected at 1.9 times the
detected DEHP concentration in the early warning sample did n
threshold concentration. 

 Early warning sample EW-25-Y2 was collected in the natural recov
RA 15 and east of RA 16.  This Year 2 early warning sample had 
detected at concentrations greater than the SQOs, including anth
phenanthrene, total LPAH, benzo(a)anthracene, fluoranthene, p
butyl benzyl phthalate, DEHP, and benzyl alcohol.  The enrichment r
chemicals ranged from 1.04 to 2.9 times the SQOs, with benzyl alco
highest enrichment ratio.  Butyl benzyl phthalate and benzyl alcoho
25-Y2 exceeded their early warning threshold concentrations.  
threshold concentrations for these two chemicals were set at the
weren’t considered as primary
The co-located natural recovery perf
also had detected concentrations 
detected analyte concentrations were higher in the early warning s
compared to the natural recovery performance sample.  The trend
concentrations at station 25 may, in part, be the result of the heterog
sediment in this natural recovery area.   

 
3.7 Schedule of Early Warning Monitor

No sup

collectio  and analysis of samples, is scheduled to occur in 2010 as part 
monitoring.  The schedule for OMMP activities to be performed as part o
presen  in Table 1-1.  The scope of early warning monitoring to be cond

 



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

Units SQO
Conventionals

Total Organic Carbon mg/kg NC   11,400 NA   15,200 NA   14,700 NA   11,800 NA   11,100 NA   12,500 NA       17,600 NA   15,300 NA   20,500 NA   12,600 NA   11,800 NA
Total Solids % NC 51.1 NA 45.5 NA 45.5 NA 52.2 NA 58.4 NA 56.9 NA 43.1 NA 47.9 NA 50.3 NA 54.4 NA 54.6 NA

Metals
Antimony mg/kg 150 2.2 U NA 2.0 U NA 2.0 U NA 2.0 U NA 2.1 U NA 2.0 U NA 2.1 U NA 1.9 U NA 2.1 U NA 1.9 U NA 3.0 U NA
Arsenic mg/kg 57 8.9 J 0.16 9.5 0.17 9.4 0.16 10.7 0.19 9.7 0.17 7.4 J 0.13 16.9 0.30 12.9 0.23 16.3 0.29 12.3 0.22 14.6 0.26
Cadmium mg/kg 5.1 0.55 0.11 0.88 0.17 0.91 0.18 0.82 0.16 0.61 0.12 0.88 0.17 1.00 0.20 0.74 0.15 0.91 0.18 0.82 0.16 1.11 0.22
Copper mg/kg 390 37.9 0.10 68.8 0.18 83.7 0.21 60.0 0.15 54.2 0.14 55.5 0.14 87.9 0.23 80.5 0.21 85.4 0.22 51.2 0.13 65.4 0.17
Lead mg/kg 450 10.3 0.02 38.1 0.08 40.9 0.09 34.2 0.08 31.8 0.07 38.7 0.09 57.5 0.13 62.1 0.14 75.5 0.17 45.4 0.10 61.0 0.14
Nickel mg/kg 140 11.2 0.08 15.4 0.11 16.2 0.12 17.4 0.12 16.5 0.12 17.1 0.12 18.5 0.13 17.5 0.13 20.1 0.14 15.0 0.11 20.5 0.15
Silver mg/kg 6.1 2.30 J 0.38 2.89 J 0.47 3.19 J 0.52 2.62 J 0.43 2.96 J 0.49 2.56 J 0.42 3.34 J 0.55 2.80 J 0.46 3.67 J 0.60 3.02 J 0.50 4.35 J 0.71
Zinc mg/kg 410 40.7 0.10 78.5 0.19 102 0.25 68.5 0.17 61.9 0.15 78.0 0.19 122 0.30 127 0.31 126 0.31 83.9 0.20 112 0.27
Mercury mg/kg 0.59 0.064 0.11 0.163 0.28 0.183 0.31 0.137 0.23 0.142 0.24 0.115 0.19 0.267 0.45 0.232 0.39 0.250 0.42 0.246 0.42 0.205 0.35

SVOCs
LPAHs

2-Methylnaphthalene µg/kg 670 38 0.06 130 0.19 81 0.12 90 0.13 100 0.15 87 0.13 81 0.12 140 0.21 210 0.31 160 0.24 160 0.24
Acenaphthene µg/kg 500 15 0.03 59 0.12 46 0.09 44 0.09 47 0.09 90 0.18 42 0.08 89 0.18 120 0.24 62 0.12 62 0.12
Acenaphthylene µg/kg 1,300 31 0.02 86 0.07 75 0.06 64 0.05 57 0.04 55 0.04 61 0.05 98 0.08 130 0.10 99 0.08 100 0.08
Anthracene µg/kg 960 91 0.09 230 0.24 210 0.22 170 0.18 160 0.17 260 0.27 170 0.18 410 0.43 370 0.39 270 0.28 290 0.30
Fluorene µg/kg 540 28 0.05 93 0.17 70 0.13 70 0.13 70 0.13 87 0.16 60 0.11 120 0.22 150 0.28 100 0.19 120 0.22
Naphthalene µg/kg 2,100 67 0.03 240 0.11 160 0.08 170 0.08 190 0.09 180 0.09 170 0.08 310 0.15 410 0.20 280 0.13 280 0.13
Phenanthrene µg/kg 1,500 140 0.09 420 0.28 350 0.23 300 0.20 270 0.18 310 0.21 320 0.21 600 0.40 680 0.45 440 0.29 460 0.31
Total LPAH µg/kg 5,200 410 0.08 1,258 0.24 992 0.19 908 0.17 894 0.17 1,069 0.21 904 0.17 1,767 0.34 2,070 0.40 1,411 0.27 1,472 0.28

HPAHs
Benzo(a)anthracene µg/kg 1,600 140 0.09 440 0.28 380 0.24 320 0.20 230 0.14 260 0.16 340 0.21 630 0.39 600 0.38 360 0.23 390 0.24
Benzo(a)pyrene µg/kg 1,600 160 0.10 500 0.31 430 0.27 420 0.26 310 0.19 320 0.20 420 0.26 680 0.43 790 0.49 490 0.31 530 0.33
Benzofluoranthenes (total) µg/kg 3,600 290 0.08 980 0.27 860 0.24 840 0.23 610 0.17 710 0.20         1,000 0.28     1,400 0.39     1,700 0.47 880 0.24 950 0.26
Benzo(g,h,i)perylene µg/kg 720 67 0.09 320 0.44 260 0.36 270 0.38 200 0.28 210 0.29 200 0.28 420 0.58 400 0.56 250 0.35 250 0.35
Chrysene µg/kg 2,800 190 0.07 580 0.21 560 0.20 450 0.16 380 0.14 430 0.15 540 0.19 930 0.33 870 0.31 490 0.18 540 0.19
Dibenzo(a,h)anthracene µg/kg 230 31 U NA 99 0.43 80 0.35 86 0.37 54 J 0.23 58 J 0.25 64 J 0.28 100 0.43 110 0.48 73 0.32 79 0.34
Fluoranthene µg/kg 2,500 290 0.12 820 0.33 660 0.26 650 0.26 510 0.20 640 0.26 730 0.29     1,200 0.48     1,100 0.44 620 0.25 640 0.26
Indeno(1,2,3-cd)pyrene µg/kg 690 66 0.10 270 0.39 230 0.33 230 0.33 170 0.25 180 0.26 180 0.26 350 0.51 330 0.48 210 0.30 220 0.32
Pyrene µg/kg 3,300 420 0.13     1,400 0.42 840 0.25     1,000 0.30 580 0.18 750 0.23 900 0.27     2,000 0.61     1,900 0.58     1,100 0.33     1,100 0.33
Total HPAH µg/kg 17,000 1,623 0.10 5,409 0.32 4,300 0.25 4,266 0.25 3,044 J 0.18 3,558 J 0.21 4,374 J 0.26 7,710 0.45 7,800 0.46 4,473 0.26 4,699 0.28

Other
Dimethyl phthalate µg/kg 160 4.7 0.03 11 0.07 11 0.07 9.8 0.06 9.3 0.06 7.7 0.05 17 0.11 15 0.09 19 0.12 8.0 0.05 11 0.07
Diethylphthalate µg/kg 200 23 U NA 36 0.18 27 U NA 32 U NA 32 U NA 27 U NA 27 U NA 32 U NA 32 U NA 32 U NA 32 U NA
Di-n-butyl phthalate µg/kg 1,400 29 0.02 57 0.04 28 U NA 46 0.03 41 0.03 27 U NA 28 U NA 33 U NA 62 0.04 33 U NA 33 U NA
Butyl benzyl phthalate µg/kg 900 49 J 0.05 230 0.26 120 0.13 200 0.22 110 0.12 70 0.08 140 0.16 190 0.21 330 0.37 92 0.10 99 0.11
Bis(2-ethylhexyl)phthalate µg/kg 1,300 250 0.19     1,100 0.85 940 0.72 900 0.69 470 0.36 570 0.44         1,400 1.08     1,500 1.15     1,300 1.00 610 0.47 660 0.51
Di-n-octyl phthalate µg/kg 6,200 26 U NA 36 U NA 30 U NA 36 U NA 36 U NA 29 U NA 73 0.01 43 J 0.01 50 J 0.01 36 U NA 36 U NA
Phenol µg/kg 420 20 0.05 43 0.10 36 0.09 36 0.09 32 0.08 20 0.05 40 0.10 43 0.10 69 0.16 37 0.09 43 0.10
2-Methylphenol µg/kg 63 3.4 U NA 4.7 U NA 3.9 U NA 4.7 U NA 4.7 U NA 3.8 U NA 3.9 U NA 4.7 U NA 6.5 J 0.10 4.7 U NA 4.7 U NA
4-Methylphenol µg/kg 670 4.0 0.01 18 0.03 2.1 U NA 2.5 U NA 2.5 U NA 2.1 U NA 20 0.03 28 0.04 41 0.06 71 0.11 54 0.08
2,4-Dimethylphenol µg/kg 29 1.3 U NA 4.9 0.17 4.0 0.14 1.8 U NA 1.8 U NA 1.5 U NA 5.6 0.19 6.4 0.22 9.2 0.32 6.1 0.21 5.9 0.20
Pentachlorophenol µg/kg 360 31 U NA 43 U NA 36 U NA 43 U NA 43 U NA 36 U NA 36 UJ NA 43 U NA 43 U NA 43 U NA 43 U NA
Benzyl alcohol µg/kg 73 73 U NA 73 U NA 28 J 0.38 73 U NA 73 U NA 23 J 0.32 65 J 0.89 32 J 0.44 67 J 0.92 45 J 0.62 56 J 0.77
Benzoic acid µg/kg 650 45 UJ NA 62 UJ NA 52 UJ NA 62 UJ NA 62 UJ NA 51 UJ NA 69 J 0.11 140 0.22 62 U NA 62 U NA 62 U NA
1,2-Dichlorobenzene µg/kg 50 1.6 U NA 2.2 U NA 1.9 U NA 2.2 U NA 2.2 U NA 1.8 U NA 1.9 U NA 2.2 UJ NA 2.2 UJ NA 2.2 UJ NA 3.2 J 0.06
1,3-Dichlorobenzene µg/kg 170 1.8 U NA 2.5 U NA 2.1 U NA 2.5 U NA 2.5 U NA 2.1 U NA 2.1 U NA 2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 11 J 0.06
1,4-Dichlorobenzene µg/kg 110 2.1 J 0.02 8.2 J 0.07 7.8 J 0.07 6.1 J 0.06 7.4 J 0.07 5.8 J 0.05 9.3 J 0.08 15 J 0.14 12 J 0.11 8.4 J 0.08 41 J 0.37
1,2,4-Trichlorobenzene µg/kg 51 1.9 U NA 2.6 U NA 2.1 U NA 2.6 U NA 2.6 U NA 2.1 U NA 2.2 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA
Hexachlorobenzene µg/kg 22 1.3 U NA 1.7 U NA 1.5 U NA 1.7 U NA 1.7 U NA 1.4 U NA 1.5 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA
Dibenzofuran µg/kg 540 20 0.04 74 0.14 58 0.11 55 0.10 54 0.10 65 0.12 51 0.09 120 0.22 130 0.24 69 0.13 71 0.13
Hexachlorobutadiene µg/kg 11 2.0 U NA 2.7 U NA 2.3 U NA 2.7 U NA 2.7 U NA 2.3 U NA 2.3 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA
N-Nitrosodiphenylamine µg/kg 28 2.2 J 0.08 9.0 0.32 7.2 0.26 6.7 0.24 7.3 0.26 6.6 0.24 7.8 0.28 10 0.36 17 0.61 11 0.39 11 0.39

Pesticides
p,p'-DDD µg/kg 16 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 4.9 U NA 5.0 U NA 6.0 U NA 6.0 U NA 6.0 U NA 6.0 U NA
p,p'-DDE µg/kg 9 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 3.0 U NA 3.0 U NA 3.0 U NA 3.0 U NA
p,p'-DDT µg/kg 34 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.4 U NA 7.5 U NA 9.0 UJ NA 9.0 UJ NA 9.0 UJ NA 9.0 UJ NA

PCBs
PCB-1016 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1221 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1232 µg/kg NC 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA
PCB-1242 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCB-1248 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCB-1254 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 66 NA 15 U NA 15 U NA 15 U NA
PCB-1260 µg/kg NC 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA
PCBs (total) µg/kg 300 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 15 U NA 66 0.22 15 U NA 15 U NA 15 U NA

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

Qualifiers:
U - Undetected

UJ - The analyte was analyzed for and not detected, 
but the associated numerical value is an estimate.

5/27/2008
0 to 2 cm

Parameter
Sample Depth 0 to 2 cm

Sample ID

J - The analyte was analyzed for and positively 
identified, but the associated numerical value is an 
estimate.

0 to 2 cm 0 to 2 cm0 to 2 cm
5/28/2008
0 to 2 cm0 to 2 cm

5/27/2008
0 to 2 cm

5/28/2008
0 to 2 cm
5/29/2008

0 to 2 cm 0 to 2 cm
5/28/2008Sample Date

EW-01-Y2 EW-11-Y2 EW-15-Y2-2
5/29/2008 5/29/20085/28/2008

EW-06-Y2
5/27/2008 5/27/2008

EW-12-Y2
EW-09 EW-10 EW-11 EW-12

EW-07-Y2 EW-08-Y2
Station 

EW-10-Y2EW-09-Y2
EW-01

EW-13-Y2 EW-15-Y2
EW-13 EW-15
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Units SQO
Conventionals

Total Organic Carbon mg/kg NC
Total Solids % NC

Metals
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

SVOCs
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
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
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

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

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

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

Qualifiers:
U - Undetected

UJ - The analyte was analyzed for and not detected, 
but the associated numerical value is an estimate.

Parameter
Sample Depth

Sample ID

J - The analyte was analyzed for and positively 
identified, but the associated numerical value is an 
estimate.

Sample Date

Station 

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

   6,850 NA   15,300 NA      22,500 NA     15,200 NA     26,800 NA    7,350 NA   12,200 NA      60,000 NA   18,000 NA    140,000 NA    15,000 NA
67.2 NA 63.9 NA 56.3 NA 63.9 NA 63.4 NA 62.4 NA 56.4 NA 37.0 NA 64.9 NA 33.7 NA 78.0 NA

1.6 U NA 2.0 U NA 2.2 U NA 2.0 U NA 1.2 U 0.01 1.9 U NA 2.1 U NA 2.2 U NA 2.2 U NA 4.7 J 0.03 2.0 U NA
5.3 J 0.09 7.3 J 0.13 12.4 0.22 10.2 0.18 10.4 0.18 9.7 0.17 12.9 0.23 13.9 0.24 7.6 J 0.13 21.1 0.37 6.5 J 0.11

0.40 0.08 0.28 J 0.05 1.79 0.35 1.84 0.36 1.56 0.31 2.09 0.41 2.46 0.48 2.27 0.45 2.08 0.41 3.01 0.59 1.54 0.30
28.8 0.07 49.4 0.13 62.2 0.16 61.6 0.16 63.0 0.16 40.4 0.10 82.3 0.21 70.8 0.18 48.2 0.12 157 0.40 26.8 0.07
20.5 0.05 27.0 0.06 49.0 0.11 42.9 0.10 46.8 0.10 27.3 0.06 46.9 0.10 88.2 0.20 47.4 0.11 100 0.22 14.2 0.03
11.6 0.08 10.00 0.07 14.2 0.10 15.4 0.11 14.4 0.10 12.7 0.09 15.9 0.11 19.5 0.14 14.4 0.10 19.8 0.14 16.9 0.12
1.89 J 0.31 2.55 J 0.42 2.36 J 0.39 2.77 J 0.45 2.32 J 0.38 2.98 J 0.49 3.40 J 0.56 3.48 J 0.57 3.07 J 0.50 4.59 J 0.75 2.42 J 0.40
55.8 0.14 59.1 0.14 103 0.25 127 0.31 150 0.37 57.9 0.14 107 0.26 203 0.50 78.5 0.19 190 0.46 44.8 0.11

0.053 0.09 0.097 0.16 0.178 0.30 0.103 0.17 0.104 0.18 0.176 0.30 0.213 0.36 0.259 0.44 0.237 0.40 0.410 0.69 0.055 0.09

27 0.04 430 0.64 990 1.48 200 0.30 220 0.33 110 0.16 170 0.25 100 0.15 230 0.34 330 0.49 30 0.04
13 0.03 110 0.22        1,200 2.40 53 0.11 120 0.24 65 0.13 150 0.30 100 0.20 190 0.38 310 0.62 18 0.04
17 0.01 130 0.10 270 0.21 63 0.05 71 0.05 66 0.05 110 0.08 46 0.04 100 0.08 300 0.23 16 0.01
48 0.05 630 0.66        1,600 1.67 170 0.18 280 0.29 220 0.23 370 0.39 240 0.25 350 0.36        1,000 1.04 90 0.09
19 0.04 270 0.50        1,000 1.85 78 0.14 140 0.26 110 0.20 180 0.33 150 0.28 240 0.44 500 0.93 35 0.06
52 0.02 440 0.21 850 0.40 200 0.10 240 0.11 230 0.11 390 0.19 280 0.13 690 0.33        1,000 0.48 68 0.03

110 0.07     1,000 0.67        6,800 4.53 510 0.34 900 0.60 380 0.25 640 0.43        1,200 0.80 720 0.48        2,200 1.47 150 0.10
286 0.06 3,010 0.58 12,710 2.44 1,274 0.25 1,971 0.38 1,181 0.23 2,010 0.39 2,116 0.41 2,520 0.48 5,640 1.08 407 0.08

110 0.07 430 0.27        2,000 1.25 330 0.21 470 0.29 270 0.17 480 0.30 960 0.60 440 0.28        1,700 1.06 96 0.06
160 0.10 490 0.31        1,600 1.00 290 0.18 340 0.21 280 0.18 610 0.38 730 0.46 500 0.31        1,000 0.63 120 0.08
370 0.10 930 0.26        2,200 0.61 570 0.16 650 0.18 500 0.14     1,200 0.33        2,300 0.64 940 0.26        3,000 0.83 250 0.07
110 0.15 220 0.31 670 0.93 190 0.26 190 0.26 170 0.24 370 0.51 730 1.01 280 0.39 660 0.92 92 0.13
190 0.07 660 0.24        2,400 0.86 460 0.16 650 0.23 360 0.13 650 0.23        1,300 0.46 570 0.20        2,600 0.93 200 0.07

42 U NA 68 0.30 270 1.17 47 J 0.20 53 J 0.23 45 J 0.20 94 0.41 310 1.35 72 J 0.31 230 1.00 42 U NA
250 0.10 860 0.34        2,800 1.12 570 0.23 830 0.33 480 0.19 850 0.34        1,900 0.76 780 0.31        3,300 1.32 180 0.07

93 0.13 190 0.28 680 0.99 170 0.25 180 0.26 160 0.23 360 0.52 740 1.07 270 0.39 690 1.00 80 J 0.12
310 0.09     2,100 0.64        6,100 1.85       1,200 0.36       1,700 0.52    1,000 0.30     1,800 0.55        2,700 0.82     2,000 0.61        6,000 1.82 250 0.08

1,593 0.09 5,948 0.35 18,720 1.10 3,827 J 0.23 5,063 J 0.30 3,265 J 0.19 6,414 0.38 11,670 0.69 5,852 J 0.34 19,180 1.13 1,268 J 0.07

6.6 0.04 3.9 J 0.02 8.2 0.05 12 0.08 12 0.08 5.5 0.03 12 0.08 30 0.19 6.9 0.04 33 0.21 6.2 0.04
32 U NA 32 U NA 32 U NA 32 U NA 32 U NA 32 U NA 32 U NA 39 U NA 32 U NA 39 0.20 32 U NA
33 U NA 33 U NA 45 0.03 39 0.03 33 U NA 33 U NA 41 0.03 390 0.28 40 0.03 67 0.05 33 U NA
63 J 0.07 53 J 0.06 190 0.21 370 0.41 400 0.44 100 0.11 180 0.20 230 0.26 130 0.14        1,000 1.11 69 J 0.08

   1,200 0.92 360 0.28 960 0.74       1,900   1.46       1,800 1.38 530 0.41     1,300 1.00        3,000 2.31 990 0.76        2,100 1.62 440 0.34
36 J 0.01 36 U NA 38 J 0.01 61 J 0.01 36 U NA 36 U NA 39 J 0.01 160 0.03 36 U NA 43 U NA 35 U NA
23 0.05 53 0.13 140 0.33 210 0.50 180 0.43 41 0.10 60 0.14 100 0.24 44 0.10 65 0.15 29 0.07

4.6 U NA 8.5 0.13 12 0.19 8.1 J 0.13 10 0.16 4.6 U NA 6 J 0.10 5.6 U NA 4.7 U NA 15 J 0.24 4.6 U NA
2.5 U NA 250 0.37 100 0.15 120 0.18 140 0.21 36 0.05 43 0.06 8.7 J 0.01 41 0.06 100 J 0.15 6.7 0.01
1.8 U NA 12 0.41 14 0.48 5.9 0.20 7.3 J 0.25 6.3 0.22 11 0.38 3.9 J 0.13 27 0.93 13 J 0.45 2.4 J 0.08
43 U NA 43 U NA 43 U NA 43 U NA 43 U NA 43 U NA 43 U NA 52 U NA 43 U NA 52 UJ NA 43 U NA
23 U NA 38 J 0.52 45 J 0.62 42 J 0.58 23 U NA 42 J 0.58 48 J 0.66 78 J 1.07 38 J 0.52 210 J 2.88 29 J 0.40
62 U NA 62 U NA 62 U NA 99 0.15 70 U NA 62 U NA 62 U NA 240 0.37 62 U NA 120 UJ NA 61 U NA

2.2 UJ NA 5.0 J 0.10 9.7 J 0.19 49 J 0.98 47 J 0.94 2.2 UJ NA 2.2 UJ NA 2.7 UJ NA 2.2 UJ NA 6.1 J 0.12 2.2 UJ NA
2.5 UJ NA 2.5 UJ NA 2.5 UJ NA 3.0 J 0.02 3.5 J 0.02 2.5 UJ NA 2.5 UJ NA 3.0 UJ NA 2.5 UJ NA 3.0 UJ NA 2.5 UJ NA
2.9 J 0.03 6.6 J 0.06 12 J 0.11 23 J 0.21 45 J 0.41 8.1 J 0.07 6.7 J 0.06 9.0 J 0.08 19 J 0.17 21 J 0.19 2.5 UJ NA
2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 2.6 U NA 3.1 U NA 2.6 U NA 3.1 U NA 2.5 U NA
1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 1.7 U NA 2.1 U NA 1.7 U NA 2.1 U NA 3.2 J 0.15
16 0.03 120 0.22 300 0.56 55 0.10 70 0.13 66 0.12 120 0.22 96 0.18 190 0.35 240 0.44 18 0.03

2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 2.7 U NA 3.3 U NA 2.7 U NA 3.3 U NA 8.4 0.76
4.5 0.16 13 0.46 75 2.68 14 0.50 14 0.50 8.0 0.29 12 0.43 6.2 0.22 12 0.43 25 0.89 2.5 J 0.09

6.0 U NA 6.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 6.0 U NA 5.0 U NA 6.0 U NA 4.9 U NA
3.0 U NA 3.0 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 3.0 U NA 2.5 U NA 3.0 U NA 2.5 U NA
9.0 UJ NA 9.0 UJ NA 7.4 U NA 7.5 U NA 7.5 U NA 7.5 U NA 7.5 U NA 9.0 U NA 7.5 U NA 9.0 U NA 7.4 U NA

12 U NA 12 U NA 9.9 U NA 10 U NA 10 U NA 10 U NA 10 U NA 12 U NA 10 U NA 12 U NA 10 U NA
12 U NA 12 U NA 9.9 U NA 10 U NA 10 U NA 10 U NA 10 U NA 12 U NA 10 U NA 12 U NA 10 U NA
12 U NA 12 U NA 9.9 U NA 10 U NA 10 U NA 10 U NA 10 U NA 12 U NA 10 U NA 12 U NA 10 U NA
15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 12 U NA 15 U NA 12 U NA
15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 12 U NA 15 U NA 12 U NA
15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 170 NA 15 U NA 12 U NA 15 U NA 12 U NA
15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 12 U NA 15 U NA 12 U NA
15 U NA 15 U NA 12 U NA 12 U NA 12 U NA 12 U NA 170 0.57 15 U NA 12 U NA 15 U NA 12 U NA

0 to 2 cm
6/23/20085/29/2008

0 to 2 cm0 to 2 cm
6/23/2008
0 to 2 cm0 to 2 cm

6/23/2008 6/23/2008
0 to 2 cm 0 to 2 cm

6/23/2008 6/23/2008
0 to 2 cm 0 to 2 cm

6/23/2008
0 to 2 cm
6/23/20086/24/2008

0 to 2 cm
5/29/2008

EW-16-Y2 EW-26-Y2EW-21-Y2 EW-22-Y2 EW-25-Y2EW-17-Y2 EW-19-Y2 EW-20-Y2 EW-20-Y2-2 EW-23-Y2 EW-24-Y2
EW-23 EW-24 EW-25 EW-26EW-21 EW-22EW-20EW-16 EW-17 EW-19
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Units SQO
Conventionals

Total Organic Carbon mg/kg NC
Total Solids % NC

Metals
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

SVOCs
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
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
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

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

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

Notes:
Concentrations highlighted in red exceed the SQO.
NA: Not applicable
NC: No SQO criterion.

Qualifiers:
U - Undetected

UJ - The analyte was analyzed for and not detected, 
but the associated numerical value is an estimate.

Parameter
Sample Depth

Sample ID

J - The analyte was analyzed for and positively 
identified, but the associated numerical value is an 
estimate.

Sample Date

Station 

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

   20,000 NA    30,000 NA   13,600 NA   15,400 J NA      33,600 J NA      37,700 J NA     26,000 J NA
66.3 NA 55.6 NA 76.1 NA 74.1 NA 49.6 NA 46.5 NA 69.4 NA

1.8 U NA 2.0 U NA 2.2 U NA 1.0 U NA 2.0 U NA 2.0 U NA 1.1 U NA
9.2 0.16 12.4 0.22 6.7 J 0.12 6.9 0.12 11.6 0.20 14.5 0.25 6.4 0.11

1.96 0.38 2.34 0.46 1.34 0.26 1.24 0.24 2.12 0.42 2.92 0.57 1.42 0.28
42.9 0.11 56.7 0.15 28.0 0.07 28.0 0.07 66.1 0.17 93.9 0.24 38.0 0.10
27.8 0.06 51.7 0.11 20.6 0.05 18.2 0.04 51.8 0.12 98.4 0.22 29.5 0.07
19.0 0.14 16.0 0.11 15.4 0.11 13.8 0.10 19.8 0.14 28.0 0.20 15.8 0.11
2.92 J 0.48 3.43 J 0.56 1.97 J 0.32 2.09 J 0.34 2.87 J 0.47 3.44 J 0.56 1.95 J 0.32
71.2 0.17 91.3 0.22 56.1 0.14 52.8 0.13 142 0.35 196 0.48 88.7 0.22

0.122 0.21 0.224 0.38 0.073 0.12 0.068 0.12 0.153 0.26 0.401 0.68 0.056 0.09

62 0.09 180 0.27 47 0.07 37 0.06 89 0.13 670 1.00 51 0.08
42 0.08 160 0.32 36 0.07 24 0.05 61 0.12 940 1.88 33 0.07
34 0.03 140 0.11 26 0.02 21 0.02 37 0.03 250 0.19 24 0.02

110 0.11 340 0.35 74 0.08 65 0.07 110 0.11        1,000 1.04 86 0.09
48 0.09 190 0.35 36 0.07 31 0.06 69 0.13 620 1.15 36 0.07

150 0.07 400 0.19 120 0.06 84 0.04 430 0.20        1,900 0.90 120 0.06
300 0.20 580 0.39 190 0.13 220 0.15 500 0.33        3,000 2.00 330 0.22
746 0.14 1,990 0.38 529 0.10 482 0.09 1,296 0.25 8,380 1.61 680 0.13

240 0.15 480 0.30 130 0.08 170 0.11 370 0.23        1,500 0.94 290 0.18
340 0.21 480 0.30 140 0.09 170 0.11           310 0.19 950 0.59 360 0.23
750 0.21 870 0.24 300 0.08 400 0.11 1100 0.31        2,100 0.58 910 0.25
210 0.29 270 0.38 100 0.14 140 0.19 380 0.53 640 0.89 260 0.36
360 0.13 600 0.21 180 0.06 270 0.10 660 0.24        2,100 0.75 480 0.17

77 J 0.33 79 J 0.34 42 U 0.18 45 J 0.20 110 0.48 190 0.83 91 0.40
530 0.21 690 0.28 240 0.10 400 0.16 830 0.33        2,300 0.92 640 0.26
200 0.29 260 0.38 96 0.14 150 0.22 370 0.54 650 0.94 240 0.35
780 0.24      1,600 0.48 400 0.12 560 0.17        1,400 0.42        5,600 1.70 960 0.29

3,487 J 0.21 5,329 J 0.31 1,586 0.09 2,305 J 0.14 5,530 0.33 16,030 0.94 4,231 0.25

10 0.06 40 0.25 7.1 0.04 6.1 0.04 16 0.10 19 0.12 9.7 0.06
32 U NA 70 0.35 32 U NA 32 U NA 39 U NA 39 U NA 32 U NA
41 0.03 62 0.04 33 U NA 37 0.03 71 0.05 69 0.05 40 0.03

170 0.19 390 0.43 81 J 0.09 140 0.16 790 0.88 410 0.46 170 0.19
     1,200 0.92      1,400 1.08 650 0.50     1,000 0.77        3,000 2.31        3,900 3.00       1,800 1.38

49 J 0.01 57 J 0.01 35 U NA 36 U NA 210 0.03 43 U NA 110 0.02
45 0.11 78 0.19 26 0.06 27 0.06 32 J 0.08 41 J 0.10 49 0.12

4.6 U NA 30 0.48 4.6 U NA 4.7 U NA 14 J 0.22 14 J 0.22 4.7 U NA
12 0.02 77 0.11 5.9 J 0.01 6.3 J 0.01 42 J 0.06 72 J 0.11 12 0.02

5.7 J 0.20 40 J 1.38 2.7 J 0.09 2.3 J 0.08 9 J 0.31 16 J 0.55 4.2 J 0.14
43 U NA 43 U NA 43 U NA 43 U NA 51 UJ NA 52 UJ NA 43 U NA
65 J 0.89 100 1.37 40 J 0.55 23 U NA 43 J 0.59 43 J 0.59 23 U NA

100 U NA 210 U NA 62 U NA 62 U NA 74 UJ NA 120 UJ NA 86 U NA
2.2 UJ NA 24 J 0.48 2.2 UJ NA 2.2 UJ NA 2.7 UJ NA 2.7 UJ NA 2.2 UJ NA
2.5 UJ NA 24 J 0.14 2.5 UJ NA 2.5 UJ NA 3.0 UJ NA 3.0 UJ NA 2.5 UJ NA
4.4 J 0.04 33 J 0.30 6.7 J 0.06 3.7 J 0.03 4.5 J 0.04 9.2 J 0.08 3.4 J 0.03
2.6 U NA 26 0.51 2.6 U NA 2.6 U NA 3.1 U NA 3.1 U NA 2.6 U NA
1.7 U NA 29 1.32 1.7 U NA 1.7 U NA 2.1 U NA 2.1 U NA 1.7 U NA
37 0.07 120 0.22 22 0.04 23 0.04 50 0.09 210 0.39 27 0.05

2.7 U NA 24 2.18 2.7 U NA 2.7 U NA 3.3 U NA 3.3 U NA 2.7 U NA
5.2 0.19 29 1.04 6.2 0.22 5.7 0.20 3.8 J 0.14 20 0.71 5.7 0.20

5.0 U NA 5.0 U NA 5.0 U NA 5.0 U NA 6.0 U NA 6.0 U NA 5.0 U NA
2.5 U NA 2.5 U NA 2.5 U NA 2.5 U NA 3.0 U NA 3.0 U NA 2.5 U NA
7.5 U NA 7.5 U NA 7.4 U NA 7.5 U NA 9.0 U NA 9.0 U NA 7.5 U NA

10 U NA 10 U NA 9.9 U NA 10 U NA 12 U NA 12 U NA 10 U NA
10 U NA 10 U NA 9.9 U NA 10 U NA 12 U NA 12 U NA 10 U NA
10 U NA 10 U NA 9.9 U NA 10 U NA 12 U NA 12 U NA 10 U NA
12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 15 U NA 12 U NA
12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 15 U NA 12 U NA
12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 15 U NA 12 U NA
12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 15 U NA 12 U NA
12 U NA 12 U NA 12 U NA 12 U NA 15 U NA 15 U NA 12 U NA

0 to 2 cm
6/23/2008

0 to 2 cm0 to 2 cm 0 to 2 cm
6/23/20086/23/2008

0 to 2 cm
6/24/20086/24/2008

0 to 2 cm
6/24/2008
0 to 2 cm

6/24/2008
EW-31-Y2EW-30-Y2 EW-32-Y2 EW-33-Y2

EW-31
EW-27-Y2 EW-28-Y2 EW-29-Y2

EW-32 EW-33EW-27 EW-28 EW-29 EW-30
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Sample ID Parameter
SQO 

(µg/kg)

Threshold 
Concentration 

(µg/kg)
EW-11-Y2 Bis(2-ethylhexyl)phthalate 1,300 3,250              1,400 
EW-12-Y2 Bis(2-ethylhexyl)phthalate 1,300 3,250              1,500 

2-Methylnaphthalene 670 3,350 990
Acenaphthene 500 2,500              1,200 
Anthracene 960 4,319              1,600 
Fluorene 540 2,700              1,000 
Phenanthrene 1,500 7,500              6,800 
Total LPAH 5,200 NC 12,710
Benzo(a)anthracene 1,600 2,080              2,000 
Dibenzo(a,h)anthracene 230 288 270
Fluoranthene 2,500 7,251              2,800 
Pyrene 3,300 8,580              6,100 
Total HPAH 17,000 NC 18,720
N-Nitrosodiphenylamine 28 28 75

EW-20-Y2 Bis(2-ethylhexyl)phthalate 1,300 3,250              1,900 
EW-20-Y2-2 Bis(2-ethylhexyl)phthalate 1,300 3,250              1,800 

Benzo(g,h,i)perylene 720 768 730
Dibenzo(a,h)anthracene 230 288 310
Indeno(1,2,3-cd)pyrene 690 828 740
Bis(2-ethylhexyl)phthalate 1,300 3,250              3,000 
Benzyl alcohol 73 73 78 J
Anthracene 960 4,319              1,000 
Phenanthrene 1,500 7,500              2,200 
Total LPAH 5,200 NC              5,640 
Benzo(a)anthracene 1,600 2,080              1,700 
Fluoranthene 2,500 7,251              3,300 
Pyrene 3,300 8,580              6,000 
Total HPAH 17,000 NC            19,180 
Butyl benzyl phthalate 900 900              1,000 
Bis(2-ethylhexyl)phthalate 1,300 3,250              2,100 
Benzyl alcohol 73 73                 210 J
Bis(2-ethylhexyl)phthalate 1,300 3,250              1,400 
2,4-Dimethylphenol 29 29 40 J
Benzyl alcohol 73 73 100
Hexachlorobenzene 22 22 29
Hexachlorobutadiene 11 11 24
N-Nitrosodiphenylamine 28 28 29

EW-31-Y2 Bis(2-ethylhexyl)phthalate 1,300 3,250              3,000 
Acenaphthene 500 2,500 940
Anthracene 960 4,319              1,000 
Fluorene 540 2,700 620
Phenanthrene 1,500 7,500              3,000 
Total LPAH 5,200 NC 8,380
Pyrene 3,300 8,580              5,600 
Bis(2-ethylhexyl)phthalate 1,300 3,250              3,900 

EW-33-Y2 Bis(2-ethylhexyl)phthalate 1,300 3,250              1,800 

Notes:

Concentrations highlighted in red exceed both the SQO and the Early Warning Threshold Concentration.

NC - Not applicable, no Early Warning Threshold Concentration available.

Qualifiers:

J - The analyte was analyzed for and positively identified, but the associated numerical value is an estimate.

Table 3-2
Early Warning SQO Exceedances Compared to Early Warning Threshold Concentrations

EW-28-Y2

EW-32-Y2

Sample 
Concentration 

(µg/kg)

EW-19-Y2

EW-23-Y2

EW-25-Y2
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 of benthic 

 sediment dredging 
 in the habitat 

 recolonized by 
una and epifauna common to Commencement Bay.  The benthic recolonization 

nce, and Monitoring 
ct (City of 

 are presented in the Year 2 
randum (City of 

rized below. 

ound 
equired 

s of samples: 

sition, benthic 
tinuity (RPD), 

sis, if SPI 

 if needed 
ce samples). 

s of benthic recolonization monitoring will be evaluated at each monitoring location 

 SPI.  Intra-location qualitative comparisons 
  Background 

ommunity in non-
ocols are described 

in detail in the OMMP for the Thea Foss and Wheeler-Osgood Waterways Remediation Project 
and the Year 2 Monitoring Benthic Recolonization Monitoring Preliminary Findings 

morandum.  
 
4.3 Summary of Field Activities, Analyses, and Reporting 
 
SPI was conducted on June 20, 2008, by Germano and Associates, with additional support and 
equipment provided by Floyd|Snider and Research Support Services.  Benthic grab sampling 
was performed on July 14-16, 2008, by personnel from the City of Tacoma, Floyd|Snider and 

4.0 BENTHIC RECOL
 
4.1 Introduction  
 
Year 2 benth
Waterways during June and July 2008, to document and evaluate the success
recolonization.   
 
Benthic habitat was altered by historical contamination and the subsequent
and capping actions completed in the waterways.  Given the improvements
resulting from the completed remedial actions, the waterway is expected to be
benthic infa
monitoring was performed in accordance with the Operations, Maintena
Plan (OMMP) for the Thea Foss and Wheeler-Osgood Waterways Remediation Proje
Tacoma 2006). 
 
The results of the Year 2 benthic recolonization monitoring
Monitoring Benthic Recolonization Monitoring Preliminary Findings Memo
Tacoma 2008) included Attachment C-1 in Appendix C and are also summa
 
4.2 Summary of Benthic Recolonization Monitoring Requirements 
 
The monitoring plan includes 17 locations within the remediation areas and 4 backgr
locations near the mouth of the waterway in an area where no remedial action was r
(Figure 4-1).  The monitoring approach consists of collection of three type
 
 Sediment Profile Imagery (SPI) – For evaluation of sediment compo

habitat classification, infaunal successional stages, redox potential discon
and organism-sediment index (OSI).  

 Benthic Grab Samples – Archived for potential benthic community analy
results are inconclusive or require verification.  

 Co-Located Sediment Samples – Archived for future chemical analysis,
(collected only at those locations that are not co-located with performan
 

The succes
over the course of OMMP monitoring relative to previous years of monitoring results at the same 
location based on the parameters measured using
will be made to evaluate the quality of the benthic habitat in remediation areas.
benthic monitoring results will provide additional information on the benthic c
remediated areas.  All sampling locations, sampling methods, and other prot

Me
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 the Year 2 
Findings Memorandum and are 

 SPI captured three 
sed and interpreted 

ate samples per 
location.  The four locations requiring co-located sediment chemistry samples each had 

ocessed and 
is, if needed.   

Wheeler-Osgood Waterway, was blocked by rafted floats.  For both the SPI event and the 
d south and adjacent to the floats.  Location 

4.4 Summary of Benthic Recolonization Monitoring Results 

heeler-Osgood Waterways to document 
 the benthic recolonization.  The following parameters are measured 

ation; 

ater Interface) Boundary Roughness; 

 Infaunal Successional Stages; 

 Biological Mixing Depth; and 

 and presented in 

Sediment Type (Grain size) 
 
The sediments throughout the Thea Foss and Wheeler-Osgood Waterways were primarily very 
fine-grained silts and clays (all stations had a sediment grain size major mode of >

Washington Conservation Corps.  Weather conditions for both sampling events were sunny and 
clear, with light breezes and calm water.  Detailed results are presented in
Monitoring Benthic Recolonization Monitoring Preliminary 
summarized here to characterize the Year 2 benthic conditions.   
 
SPI and benthic grab sampling were conducted at 21 locations (Figure 4-1). 
replicate images per location, and these images were subsequently proces
by Germano and Associates.  The benthic grab sampling collected five replic

additional grab samples collected.  All benthic and sediment samples were pr
preserved on-site in accordance with the OMMP and archived for future analys
 
Only one sample station required relocating from the planned GPS coordinates.  BR-18, in the 

benthic grab sampling event, this location was move
coordinates and descriptions are provided in the Year 2 Monitoring Benthic Recolonization 
Monitoring Preliminary Findings Memorandum.   
 

 
The SPI survey was performed in the Thea Foss and W
and evaluate the success of

nda  evaluated using the SPI method: 
 
 Sediment Type Determin

 Surface (Sediment-W

 Prism Penetration Depth; 

 Apparent Redox Potential Discontinuity (RPD) Depth;  

 Organism-Sediment Index (OSI). 
 
A summary of the SPI results for each of these parameters is provided below
Table 4-1. 
 

4 phi), with 
many of the stations showing some very fine to fine sand in the surface 1-3 cm.  The stations 

mpled where the channel sand cap material had been placed showed coarser sediments at 
depth but generally the sediment surface seen by biological receptors is similar throughout the 
entire waterway due to natural depositional processes. 
 

sa
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nce between the 
dary roughness 

al structures (ripples, 
ud clasts) or biogenic features (burrow openings, fecal mounds, foraging 

ulence and 

Surface boundary roughness ranged from 0.57 cm to 2.33 cm, with the larger values (>2 cm) 
ysical processes within the waterway or as a result of sampling artifacts.  

s 1.17 cm.    

er of weights used in the camera is 
ss sampling.  In order to 

 to changes in the 
n depths does allow 

hallower 
depths, indicating the greater resistance provided by the coarse sands and gravels 

h the greatest penetration depths and requiring the 
least amount of weight, and therefore indicating the softest sediments, were the dredge to clean 

n and natural 
than the dredge 

otential discontinuity (RPD) depth in the sediment column is an important 
he depth is related 
 and the 

 associated microflora.  In the presence of 
bioturbating macrofauna, the thickness of the redox layer may be several centimeters.  The 

asured with 
nges in sediment 

 
The mean aRPD depths ranged from a low of 0.30 cm at Station BR-33 at the southern end of 
the City’s work area to a high of 3.32 cm at Station BR-09 in the natural recovery area.  The 
overall station-averaged mean aRPD depth was 2.26 cm.   

Some of the lowest values were found in the area surveyed at the far southern end of the 
channel sand cap area (BR-33).  This is likely the result of scouring of surficial sediment at this 
location.  The scouring likely occurs as water moving up the waterway encounters the sheetpile 
wall, a restriction to flow, then accelerates and picks up the fine, oxygenated surface sediment. 
 

Surface Boundary Roughness 
 
Surface boundary roughness was determined by measuring the vertical dista
highest and lowest points of the sediment-water interface.  The surface boun
typically ranges from 0.02 to 3.8 cm, and may be related to either physic
rip-up structures, m
depressions).  Biogenic roughness is related to the interaction of bottom turb
bioturbational activities.   
 

caused by natural ph
The overall average surface boundary roughness for the entire survey area wa
 
Prism Penetration Depth 
 
The prism penetration is a noteworthy parameter if the numb
held constant through the survey.  This was not possible in the Thea Fo
obtain the necessary penetration depths, the weights required adjustment due
sediment type.  However examination of the weight settings and penetratio
for a general comparison between areas for relative sediment similarities. 
 
The channel sand cap area required the heaviest weights and had one of the s
penetration 
deposited in these areas.  The areas wit

areas.  The weight settings and penetration depths were similar in the no actio
recovery areas, indicating similar sediment types, with slightly more resistance 
to clean areas.   
 
Apparent Redox Potential Discontinuity Depth 
 
The apparent redox p
time-integrator of dissolved oxygen conditions within sediment porewaters.  T
to the supply rate of molecular oxygen by diffusion into the bottom sediments
consumption of that oxygen by the sediment and

RPD depth can also be affected by local erosion.  The actual RPD must be me
microelectrodes.  SPI measures an apparent RPD (aRPD), based on color cha
related to oxidation states. 
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l colonies were 
any of the SPI images.  In addition, no subsurface methane was found in any of 

 

e of dense 
 feeding voids; 
based on the 

w a predictable 
munities after a 

age 1 is the initial 
 of the 

n to head-down deposit feeders; and Stage 3 is the mature, equilibrium community of 
deep-dwelling, head-down deposit feeders.  Stages 1 and 3 can occur together (1 on 3), 

re well 
coarser 

nitoring, 
evidence of Stage 3 infaunal taxa present.  Seventy-

n 3); 8 percent 
 Stage 3 (2 to 3).  
ge 1, or even 

tural recovery area 

 benthic recolonization monitoring results, all of the remedial areas sampled 
al communities.  A 
sediment profile images 

igure 11 of the 
, provided in 

 can be an 
ents.  While the 

l mixing depth, it is quite common in profile images 
to see evidence of biological activity (burrows, voids, or actual animals) well below the mean 
aRPD.  
 
In the Year 2 benthic recolonization monitoring, evidence of burrowing infauna and deposit 

ding activity was present at the majority of stations surveyed.  The range of maximum 
bioturbation depths measured in the Thea Foss and Wheeler Osgood Waterway stations was 
from 6.43 cm at station BR-33 to 18.86 cm at station BR-32.  The average biological mixing 
depth across all of the stations was 12.26 cm.   
 

Low oxygen conditions as indicated by the presence of sulfur-reducing bacteria
not observed in 
the replicate images. 

Infaunal Successional Stage 
 
Infaunal successional stages are recognized in SPI images by the presenc
assemblages of near-surface polychaetes and/or the presence of subsurface
both may be present in the same image.  Mapping of successional stages is 
theory that organism-sediment interactions in fine-grained sediments follo
sequence after a major disturbance.  This continuum of change in animal com
disturbance (secondary succession) has been divided into three stages:  St
community of tiny, densely populated polychaete assemblages; Stage 2 is the start
transitio

indicating organic enrichment.  These invertebrate community successional stages a
characterized for fine-grained sediments, but are less well-known in sand and 
sediments. 
 
Over 90 percent of all images taken as part of Year 2 benthic recolonization mo
regardless of remedial area type, have 
eight percent of the images had evidence of Stage 1 infauna above Stage 3 (1 o
had just Stage 2 assemblages, and 13 percent showed Stage 2 transitioning to
There were no stations in the study area that showed photos dominated by Sta
mixed Stage 1 and 2 infaunal successional assemblages.  The enhanced na
showed extensive burrowing activities at depth.   
 
Based on the Year 2
showed benthic recovery as evidenced by the presence of mature infaun
summary of the distribution of infaunal successional stages for all of the 
collected in the Thea Foss and Wheeler-Osgood Waterways is presented in F
Year 2 Benthic Recolonization Monitoring Preliminary Findings Memorandum
Appendix C. 
 
Biological Mixing Depth 
 
The depth to which sediments are bioturbated, or the biological mixing depth,
important parameter for studying either nutrient or contaminant flux in sedim
aRPD is one potential measure of biologica

fee
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lated on the basis of 
, presence of 

faunal 
ature benthic 

 that the sediment has 
ut life).  An 

physical 
recent past. 

alues ranging 
ad median station 

33) had median 
edian OSI of +5.  

y shallow aRPD 
y had Stage 1 on 3 benthic communities.  As previously discussed, the 

plicate with an 
by a low aRPD, 

 by a Stage 2 

at BR-22 had OSI values of +4, +5, and +6.  These OSI values were driven 
r this location.  The mean aRPDs for each replicate were at or below 

1.0 cm at this location with an overall median value of 0.72 cm.  At BR-22, the infaunal 
 3 assemblages.  

communities is 

 

 of the benthic 

erways.  The 

fine sand surface 
t a few of the 

stations, but the sediment surface seen by biological receptors is very similar throughout 
the entire waterway due to natural depositional processes. 

 All of the remedial areas sampled showed evidence of mature infaunal communities 
present and benthic ecosystem recovery processes. 

 In general, all of the stations except for the two at the mouth of the waterway closest to 
Commencement Bay, showed evidence of mature benthic communities at depth.  The 
later successional recolonization of opportunistic Stage 1 assemblages indicates that 
there is additional organic input to the system through natural depositional processes. 

Organism-Sediment Index 
 
The Organism-Sediment Index (OSI) is a summary statistic that is calcu
four independently measured SPI parameters:  apparent mean RPD depth
methane gas, low/no dissolved oxygen at the sediment-water interface, and in
successional stage.  Possible scores range from a high of +11, indicating a m
community in relatively undisturbed conditions, to a low of -10, indicating
a high inventory of anaerobic metabolites, high oxygen demand, and is azoic (witho
OSI of +6 or less generally indicates that a benthic habitat has experienced 
disturbances, eutrophication, or excessive bioavailable contamination in the 
 
The overall median OSI for the entire study area was +8, with median station v
from +5 to the maximum value of +11.  Only 3 of the 21 stations sampled h
values below +7.  Two stations in the channel sand cap areas (BR-18 and BR-
OSI values of +6, and one station in the dredge to clean area, BR-22, had a m
 
All three replicates for BR-33 had OSI values of +6, and were driven by ver
depths, even though the
aRPDs at BR-33 are likely the result of scour at this location.  BR-18 had one re
OSI of +9 and two replicates with +6.  One of the two +6 replicates was driven 
which may have been due to an equipment artifact; the second +6 was driven
benthic community.    
 
The three replicates 
by shallow aRPD depths fo

successional stage was dominated by the transitional Stage 2 going to Stage
Therefore, benthic recovery is occurring and evidence of mature infaunal 
present.   

4.5 Summary of Year 2 Findings 
 
The primary objectives of the SPI survey were to document the physical nature
habitat and observable organism-sediment interactions at the sediment-water interface to 
evaluate benthic recolonization in the Thea Foss and Wheeler-Osgood Wat
following summarizes the preliminary findings from the Year 2 SPI survey: 
 
 The benthic habitat classification is the same for the entire area: very 

over a silt/clay base.  Evidence of the gravel cap was seen at depth a
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tural deposition 
e final treatment sediment-water interface to allow mature infaunal communities 

ons by SPI technology; 
the interface between recently deposited sediments 

posed by dredging in the dredge to clean areas. 

e results of benthic recolonization monitoring 
ation; therefore, analysis of the archived 
ic recolonization monitoring will be 

Benthic recolonization monitoring is scheduled to occur in 2010 as part of Year 4 monitoring.  
hedule for OMMP activities to be performed as part of the Foss Project is presented in 

Table 1-1.  The scope of benthic recolonization monitoring to be conducted in Year 4 is the 
MP. 

 
Table 4-1 Summary of Sediment Profile Imaging Results 
 
FIGURES 
 
Figure 4-1 Benthic Recolonization Monitoring Locations 

 

 

 
 

 The dredge to clean and channel sand cap areas have had enough na
over th
to develop. 

 Channel sand cap materials were detected at some of the locati
however, it is very difficult to discern 
and the underlying materials ex

 
4.6 Recommendations for Future Monitoring 
 
No further action is warranted based on th
performed in Year 2.  SPI results do not require verific
sediment samples does not appear warranted.  Benth
performed again as part of Year 4 OMMP activities. 
 
4.7 Schedule of Benthic Recolonization Monitoring Activities 
 

The sc

same as for Year 2 and is described in the OM
 
 
TABLES  



Table 4-1 
Summary of Sediment Profile Imaging Results 

 

Remediation Area 

Average 
Surface 

Boundary 
Roughness 

(cm) 

Apparent Redox 
Potential 

Discontinuity 
Depth 

(average of site 
means) (cm) 

Infaunal 
Successional 

Stages 

Maximum 
Biological 

Mixing 
Depth (cm) 

Organism-
Sediment 

Index 
(average of 
site median 

scores) 

Background/No 
Action 

1.07 2.77 
2 

1 on 3 
13.57 +8 

Natural Recovery 0.91 2.50 
1 on 3 
2 to 3 

14.88 +8 

Enhanced Natural 
Recovery 

1.16 2.27 
1 on 3 
2 to 3 

10.02 +9 

Dredge to Clean 1.00 2.20 1 on 3 18.15 +9 

Channel Sand Cap 1.59 1.78 
1 on 3 
2 to 3 

18.86 +7.5 
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5.0 CONFINED DISPOSAL FACILITY MONITORING  
 
5.1 Introduction  
 
Baseline monitoring of the St. Paul Waterway confined disposal facility (CDF) was performed for 
eight quarters during Years 1 and 2.  Quarterly monitoring was performed in March, June, 
September, and December of 2007 and 2008.  This monitoring included surface water and 
groundwater sampling and analysis as well as CDF berm and cap inspections.  The results of 
quarterly monitoring events were documented in Preliminary Findings Memoranda that were 
submitted to the U.S. Environmental Protection Agency (EPA).  CDF monitoring was performed 
in accordance with requirements specified in Section 5.0 of the Operations, Maintenance, and 
Monitoring Plan (OMMP) for the Thea Foss and Wheeler-Osgood Waterways Remediation 
Project (City of Tacoma 2006).  
 
The OMMP required that quarterly CDF monitoring include collection of an ambient surface 
water sample adjacent to the end of the St. Paul / Middle Waterway Peninsula near the mouths 
of the St. Paul and Middle Waterways and Puyallup River, and that groundwater samples be 
collected from selected baseline monitoring wells.  Quarterly sampling was scheduled to occur 
for two years to characterize baseline groundwater and surface water quality conditions.  The 
CDF monitoring performed in Years 1 and 2 completes the planned baseline groundwater and 
surface water monitoring.   
 
As part of baseline quarterly monitoring events, the OMMP also required that the CDF 
containment and offset berms and cap be inspected for signs of erosion or contamination.  In 
addition, following habitat area baseline monitoring performed in 2006, topsoil located along the 
face of the containment berm was observed to have experienced some erosion.  As discussed 
with EPA, monitoring of this erosion at the North Beach habitat area was also performed 
quarterly in conjunction with CDF monitoring.  The monitoring performed in Year 1 and Year 2 
completes the planned cap and berm monitoring.   
 
The following sections summarize the baseline CDF monitoring requirements and the findings 
from the last four quarters, the fifth through eighth quarters, of CDF monitoring activities 
performed during Year 2.  The Year 2 Preliminary Findings Memoranda for the last four quarters 
of baseline monitoring are provided in Appendix D, Attachment D-1.  With completion of all eight 
quarters of the baseline CDF monitoring, a Baseline Water Quality Conditions Report (City of 
Tacoma 2009) has been developed and submitted for EPA approval.  This document is included 
as Attachment D-2 in Appendix D.  In this report, a statistical analysis was performed which 
provides the basis for determination of the baseline groundwater quality conditions at the CDF.   
 
As indicated above, monitoring of the containment and offset berms, cap, and the erosion at the 
containment berm was performed coincident with the quarterly CDF monitoring.  A summary of 
the results of this year’s monitoring of the berms and cap are included in the following sections.  
A brief summary of the results of the erosion monitoring is also included in the following sections 
and a more detailed description is included in Section 6.0.   
 
Following EPA approval of the Baseline Water Quality Conditions Report, the City will prepare a 
Performance Monitoring Plan which will include a proposal for long-term water quality 
monitoring at the CDF as well as a proposed monitoring schedule for the CDF cap and berms. 
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5.2 Summary of CDF Monitoring Requirements 
 
CDF monitoring activities required by the OMMP 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 was 

performed on August 28, 2006 through September 18, 2006; 

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

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

 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;  

 Finalization of the Post-Construction Hydrogeologic Conditions Report and 
memorandum identifying the wells to be monitored to establish baseline conditions at the 
CDF in response to EPA comments on January 16, 2007;  

 Performance of all eight quarters of baseline CDF monitoring and reporting for surface 
water and groundwater sampling and analysis and berm and cap inspections between 
March 2007 and March 2009; and 

 Reporting of baseline groundwater conditions in the Baseline Water Quality Conditions 
Report that was submitted to EPA on March 16, 2009.  

 
Baseline CDF monitoring included the collection of a surface water sample from one location as 
well as groundwater samples from 10 monitoring wells installed within and adjacent to the CDF 
(Figure 5-1).  Surface water sampling and analysis was performed adjacent to the end of the St. 
Paul / Middle Waterway Peninsula near the mouths of the St. Paul and Middle Waterways and 
Puyallup River to establish ambient (i.e., background) surface water quality conditions.  
Baseline groundwater sampling and analysis was performed for the purpose of establishing 
baseline conditions to monitor possible future changes in groundwater conditions from 
contaminated sediment placed in the CDF.  Groundwater samples were collected from CDF 
monitoring wells MW-01, MW-02, MW-04 thru MW-08, and MW-10 thru MW-12 that were 
selected for quarterly baseline monitoring.   
 
Water sampling and berm and cap inspections were performed during baseline monitoring using 
the EPA-approved methods and procedures described in the Confined Disposal Facility 
Monitoring Operations Manual (Appendix D of the OMMP).   
 
As specified in the OMMP, following the completion of two years of baseline groundwater 
monitoring, statistical analysis of the results of quarterly monitoring were performed on 
individual wells to establish the baseline groundwater quality for the individual wells.  Results 
will be used to evaluate possible changes in groundwater quality in the individual wells during 
long-term performance monitoring.  The results of these statistical analyses based on the two 
years of baseline groundwater monitoring are reported in the Baseline Water Quality Conditions 
Report included in Appendix D.  In the future, the results of long-term performance monitoring 
for an individual well will be compared to the baseline groundwater quality conditions for that 
individual well (i.e., intra-well comparison) to evaluate whether there is a significant change in 
groundwater quality conditions at that location. 
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5.3 Summary of Field Activities, Analyses, and Reporting 
 
Field activities for quarterly baseline CDF monitoring conducted during Year 2, the fifth through 
eighth quarter baseline monitoring events, were performed on the following dates: 
 
 Fifth Quarter:  March 24-April 3, 2008; 

 Sixth Quarter:  June 16-20, 2008; 

 Seventh Quarter:  September 22-25, 2008; and  

 Eighth Quarter:  December 9-11, 2008.   
 
During each of the CDF monitoring events, surface water samples were collected using the City 
of Tacoma boat at the surface water monitoring station adjacent to the end of the St. Paul / 
Middle Waterway Peninsula (Figure 5-1).  The surface water samples were collected during 
high tide in accordance with the OMMP.  Surface water samples were submitted under chain of 
custody to Analytical Resources Incorporated (ARI) of Tukwila, Washington, for total mercury 
and dissolved metals analyses. 
 
During each of the CDF monitoring events, groundwater samples were collected from 10 
monitoring wells in general accordance with the procedures specified in the OMMP.  The 
groundwater samples were submitted to ARI under chain of custody for total organic carbon 
(TOC), total mercury, and dissolved metals analyses.  Groundwater samples were also 
submitted to the City of Tacoma laboratory under chain of custody for polycyclic aromatic 
hydrocarbons (PAHs), salinity, and total suspended solids (TSS) analyses.   
 
Water quality field parameters were measured and recorded on field sampling forms during 
each surface water and groundwater sampling event. 
 
CDF berm and cap inspections were also performed during each quarterly monitoring event and 
photographs were taken from a total of 10 photo points (Figure 5-2).  Field forms were 
completed documenting observations during each monitoring event. 
 
A Preliminary Findings Memorandum was prepared for each quarter of baseline CDF monitoring 
that documented field activities, presented the results of water quality parameter measurements 
and surface water and groundwater sample analyses, and provided observations from berm and 
cap inspections and erosion monitoring.  The Preliminary Findings Memoranda include 
attachments that provide sample collection field forms, the laboratory analytical reports and data 
quality review, and the completed inspection forms and photographs for berm, cap, and habitat 
area monitoring.  The Preliminary Findings Memoranda for CDF monitoring that occurred during 
Year 2 were submitted to EPA on the following dates: 
 
 Fifth Quarter:  June 19, 2008; 

 Sixth Quarter:  August 29, 2008; 

 Seventh Quarter:  December 5, 2008; and  

 Eighth Quarter:  March 3, 2009. 
 
Copies of these memoranda are included in Appendix D.  The following sections summarize the 
findings from the last four quarters of baseline CDF monitoring that occurred during Year 2. 
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5.4 Summary of Quarterly CDF Monitoring Results 
 
The results from the fifth through eighth quarters of CDF baseline monitoring completed during 
Year 2 are summarized in the following sections.  Appendix D contains the four Preliminary 
Findings Memoranda that provide additional detail concerning the results of CDF monitoring for 
the fifth through eighth quarters.  In general, the results of CDF baseline monitoring performed 
in Year 2 were relatively consistent between quarters, and compared to monitoring performed 
during the first four quarters.  Tables 5-1 through 5-3 provide a tabulated summary of the 
analytical results for surface water and groundwater samples for the four quarters of CDF 
baseline monitoring that occurred during Year 2. 
 
5.4.1 Surface Water Monitoring 
 
Salinity ranged from 24.4 to 30.9 ppt during quarterly surface water monitoring performed in 
Year 2.  The measured conductivity ranged from 30,640 to 47,480 umhos/cm. 
 
The only metals detected in surface water samples in all four quarterly events which occurred 
during Year 2 were copper and nickel (Table 5-1).  Lead, zinc, and mercury were not detected in 
quarterly surface water samples.  The copper concentrations detected in all four quarters 
ranged from 6 to 23 ug/L.  The nickel concentrations in all four quarters were similar, ranging 
from 6 to 17 ug/L.   
 
5.4.2 Groundwater Monitoring 
 
Salinity ranged from 2.7 to 29.4 ppt during quarterly groundwater monitoring performed during 
Year 2.  The measured conductivity ranged from 4,210 and 46,150 umhos/cm.  The lowest 
salinities and conductivities were measured in shallow monitoring wells MW-04 within the CDF 
and MW-02 located northwest of the CDF.  The highest salinities and conductivities were 
measured in deep wells MW-05 within the CDF and MW-08 located west of the CDF. 
 
Total organic carbon (TOC) ranged from 2.19 to 58.2 mg/L in groundwater during Year 2.  The 
lowest TOC concentrations were measured in shallow monitoring wells MW-01 and MW-06.  
The highest TOC concentrations were measured in shallow monitoring well MW-04. 
 
Total suspended solids (TSS) ranged from 4.2 to 1,450 mg/L.  The highest TSS was measured 
in groundwater collected from MW-04.  MW-04 was installed within the silty sediments disposed 
of in the CDF and groundwater from this well generally does not clear up during purging prior to 
sampling.  The lowest TSS concentrations were generally detected in shallow monitoring well, 
MW-01, located in the containment berm, adjacent to the CDF. 
 
The predominant metals detected in groundwater monitoring wells during the four quarters of 
CDF monitoring occurring during Year 2 were copper and nickel (Tables 5-2 and 5-3).  
Consistent with the first four quarterly monitoring events, zinc was only detected in MW-06 and 
not in groundwater collected in any other wells in or adjacent to the CDF during Year 2.  
Concentrations of zinc detected in groundwater from MW-06 were similar in all four quarters of 
monitoring occurring during Year 2.  Total mercury was detected in the two wells located within 
the CDF during the fifth and seventh quarters in groundwater samples from MW-04 and in the 
eighth quarter groundwater sample from MW-05.  In MW-04, during both the fifth and seventh 
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quarters, when total mercury was detected, the highest TSS levels of all wells in all monitoring 
events were also measured. 
 
Detected copper concentrations were generally similar at each individual monitoring well 
location in all four quarters during Year 2.  Copper concentrations in MW-06 were the highest in 
all four quarterly monitoring events, ranging from 38 ug/L in the seventh quarter to 82 ug/L in the 
fifth quarter.  Detected copper concentrations in the remaining wells ranged from approximately 
1.4 to 12 ug/L in all four quarters during Year 2.  
 
Nickel was detected in all groundwater samples collected during Year 2.  The concentrations of 
nickel were also generally similar at each individual monitoring well location during these four 
quarters.  The highest nickel concentrations detected were from groundwater samples collected 
from MW-01 and MW-06.  Nickel concentrations in MW-01 ranged from 17 to 94 ug/L, with the 
highest concentration occurring in the sixth quarter.  The nickel concentrations in MW-06 ranged 
from 17 to 191 ug/L, with the highest concentration detected in the field duplicate collected 
during the fifth quarter.  In Year 2, nickel concentrations ranged from approximately 5 to 17 ug/L 
in all remaining CDF monitoring wells during the four quarters of monitoring. 
 
It appears that the metal concentrations detected in MW-06 may be associated with a localized 
source, as copper and zinc were either not detected in the case of zinc, or as in the case of 
copper were detected at lower concentrations in the shallow upgradient well located within the 
CDF (MW-04) and in other shallow groundwater wells (MW-01, MW-02, and MW-10). 
 
No PAHs were detected in monitoring wells MW-01, MW-07, MW-08, and MW-12 during any of 
the four quarters of CDF monitoring during Year 2.  Two or more PAHs were detected in 
monitoring wells MW-02, MW-10 and MW-11 during these four quarters of monitoring.  During 
the fifth quarter monitoring event all PAHs, except acenaphthylene were detected in the 
groundwater sample collected from MW-06.  However, no PAHs were detected in MW-06 during 
Year 1 monitoring events, or in the sixth and seventh quarters, and only naphthalene was 
detected in MW-06 during the eighth quarter.  
 
As expected due to its location within the sediment disposal facility, nearly all PAHs were 
detected in groundwater collected from MW-04 during the fifth, seventh, and eighth quarters of 
monitoring.  During the sixth quarter of monitoring at MW-04, five high molecular weight 
polycyclic aromatic hydrocarbons (HPAHs) were not detected.  All PAHs were detected in 
groundwater collected from MW-05, also located within the CDF, in the four quarters of 
monitoring during Year 2.  The highest PAH concentrations in MW-05 were detected in the 
eighth quarter of monitoring.  
 
5.4.3 CDF Cap and Berm Inspections 
 
No seeps, sheen, or any indications of contamination were observed in the CDF berms or on 
the CDF cap during quarterly monitoring performed in Year 2.  Additionally, no indications of 
erosion or material loss were observed on the cap or in the offset berm.  Logs continue to be 
stored over a significant area of the cap, and a gravel, hammerhead turnaround/storage area 
associated with the planned co-generation facility was constructed on the cap prior to the 
seventh quarter of monitoring.   
 
Erosion of topsoil has been observed within the habitat area on the bayward face of the 
containment berm.  In general, the same magnitude of topsoil erosion was observed during all 
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eight quarters of monitoring performed to date and the integrity of the containment berm does 
not appear to be compromised.  This issue is described in more detail in Section 6.0. 
 
5.5 Summary of Findings for the Second Four Quarters of CDF Monitoring 
 
The following summarizes the findings from the four quarters of baseline CDF monitoring 
conducted in Year 2: 
 
 Surface Water Monitoring 

o Lead, zinc, and mercury were not detected in the ambient surface water samples. 
o Copper and nickel were detected in all ambient surface water samples at similar 

concentrations. 
 
 Groundwater Monitoring 

o Dissolved lead and mercury were not detected in any groundwater samples. 
o Zinc was only detected in MW-06. 
o Total mercury was detected in MW-04 during the fifth and seventh quarters of 

monitoring and in MW-05 during the fourth quarter of monitoring.  Both of these wells 
are located within the contaminated sediment disposed of in the CDF. 

o Nickel was detected in all groundwater samples in all quarters of monitoring.   
o Copper was not detected in groundwater samples collected from MW-05 within the 

CDF.  Copper was only detected in the groundwater samples collected from MW-04, 
also located within the CDF, during the seventh quarter. 

o Copper was detected in groundwater samples collected from seven of the eight wells 
located adjacent to the CDF. 

o The highest concentrations of copper and nickel were detected in MW-06.  
o PAHs were not detected in monitoring wells MW-01, MW-07, MW-08, and MW-12.  
o Two or more PAHs were detected in monitoring wells MW-02, MW-10, and MW-11 

adjacent to the CDF.   
o Nearly all PAHs were detected in MW-06 during the fifth quarter of monitoring, but 

PAHs were not detected in groundwater samples from this well during the sixth and 
seventh quarter monitoring events and only naphthalene was detected during the 
eighth quarter of monitoring at MW-06.  

o Nearly all PAHs were detected in groundwater from MW-04 and MW-05 located 
within contaminated sediment disposed of in the CDF. 

 
 CDF Berm and Cap Inspections 

o No seeps, sheens, or other indications of contamination were identified during berm 
and cap inspections. 

o Stored logs and some ponded water were observed on the surface of the CDF cap. 
o At the containment berm the maximum observed loss of topsoil due to erosion was a 

height of approximately 3.50 feet.  Some rip rap is exposed on the upper slope of the 
beach, but the containment berm does not appear to be compromised (see Section 
6.0 for additional detail). 

o No deficiencies were identified upon inspection of the offset berm and CDF cap. 
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5.6 Schedule of CDF Monitoring 
 
Baseline monitoring for the CDF was completed during Years 1 and 2.  With completion of these 
two years of quarterly baseline monitoring, a Baseline Water Quality Conditions Report was 
prepared and submitted to EPA for review on March 16, 2009.  Following EPA’s approval of the 
Baseline Water Quality Conditions Report and the groundwater baseline conditions, the City will 
submit a Performance Monitoring Plan for the CDF for review and approval that will include 
proposals for both long-term water quality monitoring and cap and berm monitoring.  
 
 
TABLES 
 
Table 5-1 Comparison of Surface Water Analytical Results for Quarters Five through Eight of 

Baseline Monitoring  
 
Table 5-2 Comparison of Groundwater Analytical Results for Wells Within the CDF for Quarters 

Five through Eight of Baseline Monitoring 
 
Table 5-3 Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for 

Quarters Five through Eight of Baseline Monitoring 
 
FIGURES 
 
Figure 5-1 Baseline CDF Surface Water and Groundwater Monitoring Locations  
 
Figure 5-2 CDF Berm and Cap Photo Point and Observation Locations  
 
 
 
 
 



Event
Station

Sample ID
Parameter Sample Date

Conventionals Units
Conductivity umhos/cm 30,640 30,640 38,100 38,100 47,480 47,480 42,250 42,250
Salinity ppt 29.4 29.4 24.4 24.4 30.9 30.9 27.7 27.7
Metals Dissolved
Copper µg/L 8 8 23 6 10 11 13 10
Lead µg/L 5 U 5 U 5 U 5 U 10 U 10 U 10 U 20 U
Nickel µg/L 10 9 8 6 16 17 12 10
Zinc µg/L 20 U 20 U 20 U 20 U 40 U 40 U 40 U 100 U
Mercury µg/L 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.1 U 0.1 U
Metals Total
Mercury µg/L 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.10 U 0.1 U 0.1 U

Note:
1       Samples are field duplicates of Samples SWM-01-032607, SWM-01-062707, SWM-01-092507, SWM-01-121307, SWM-01-032708, SWM-01-061608, SWM-01-092308, and SWM-01-121008.

Qualifiers: 
U - Undetected

    Bolded results indicate detected concentrations.

Table 5-1
Comparison of Surface Water Analytical Results

for Quarters Five through Eight of Baseline Monitoring

9/23/2008 9/23/2008

7th Quarter Baseline
SWM-01 SWM-01

SWM-01-092308 SWM-01-092308-B1

3/27/2008 3/27/2008

5th Quarter Baseline
SWM-01 SWM-01

SWM-01-032708 SWM-01-032708-B1

6/16/2008 6/16/2008

6th Quarter Baseline
SWM-01 SWM-01

SWM-01-061608 SWM-01-061608-B1

12/10/2008 12/10/2008

8th Quarter Baseline
SWM-01 SWM-01

SWM-01-121008 SWM-01-121008-B1
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Table 5-2
Comparison of Groundwater Analytical Results for Wells Within the CDF

for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID
Parameter Sample Date

Conventionals Units
Conductivity umhos/cm 4,210 5,540 6,280 5,200 37,200 46,150 44,560 34,260 34,260
Salinity ppt 3.3 2.7 3.4 2.9 28 28.7 29.4 21.5 21.5
Total Organic Carbon (TOC) mg/L 48.8 45.6 49.6 58.2 17.1 18.3 16.4 22.8 17.8
Total Suspended Soilds (TSS) mg/L 1,450 247 1,040 461 77.2 161 11.7 118 119
Metals Dissolved
Copper µg/L 2 U 2 U 1.4 2 U 2 U 2 U 0.5 U 5 U 5 U
Lead µg/L 5 U 5 U 1 U 5 U 5 U 5 U 10 U 10 U 10 U
Nickel µg/L 8 5 5 5 8 11 17 7 11
Zinc µg/L 20 U 20 U 4 U 20 U 20 U 20 U 40 U 40 U 40 U
Mercury µg/L 0.10 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U 0.1 U
Metals Total
Mercury µg/L 0.3 0.1 U 0.4 0.1 U 0.1 U 0.1 U 0.1 U 0.7 0.1 U
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L 0.17 0.187 0.877 J 0.569 7.56 5.91 11 J 11.2 J 11.7
Acenaphthene µg/L 1 1.45 2.66 1.69 11.7 7.04 15 16.7 J 21.8
Acenaphthylene µg/L 0.032 0.026 0.131 0.030 0.1 0.065 0.204 0.985 J 1.72
Anthracene µg/L 0.14 0.063 0.516 0.151 1.18 0.978 2.3 5.60 J 13.4
Fluorene µg/L 0.495 0.428 1.41 0.615 3.85 2.52 4.96 6.68 J 9.78
Naphthalene µg/L 5.5 19.9 26.7 J 21.0 90.3 66.5 100 J 105 J 89.1
Phenanthrene µg/L 0.442 0.109 1.57 0.325 6.96 5.73 9.94 23.3 J 37.3

HPAHs
Benzo(a)anthracene µg/L 0.126 0.014 0.412 0.057 0.357 0.194 0.701 6.24 J 12.0
Benzo(a)pyrene µg/L 0.079 0.010 U 0.295 0.035 0.28 0.113 0.573 3.36 J 8.65
Benzofluoranthenes (total) µg/L 0.155 0.010 J 0.493 0.065 0.336 0.138 0.640       6.52 J         11.4 
Benzo(g,h,i)perylene µg/L 0.061 0.010 U 0.158 0.026 J 0.097 0.044 0.207 2.62 J 4.50 J
Chrysene µg/L 0.136 0.010 U 0.464 0.056 0.294 0.133 0.558 5.22 J 9.27
Dibenzo(a,h)anthracene µg/L 0.014 0.010 U 0.041 0.012 UJ 0.025 0.011 0.061 0.559 J 0.974 J
Fluoranthene µg/L 0.746 0.106 2.24 0.365 1.22 1.01 2.32 13.7 J 24.7
Indeno(1,2,3-cd)pyrene µg/L 0.048 0.010 U 0.129 0.024 J 0.086 0.036 0.186 2.70 J 4.69 J
Pyrene µg/L 0.468 0.075 1.49 0.199 1.61 1.20 2.61 15.6 J 29.1

Note:
MW      Monitoring Well
1      Samples are field duplicates of Samples MW-04-032907 and MW-05-121108.

Qualifiers: 
U - Undetected
J - The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quantity.

    Bolded results indicate detected concentrations.

12/11/20084/2/2008 6/16/2008 9/24/2008 12/11/2008

Deep
MW-05

MW-05-040208 MW-05-061608 MW-05-092408 MW-05-121108 MW-05-121108-B1

Center of CDF
5th Quarter 6th Quarter 7th Quarter 8th Quarter

MW-04
Shallow

Center of CDF

MW-04-121108

8th Quarter

6/16/2008 12/11/2008
MW-04-061608 MW-04-092408

9/24/2008

6th Quarter 7th Quarter5th Quarter

MW-04-032608
3/26/2008

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Tale 5-2
Page 1 of 1



Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm 19,740 26,910 34,130 36,600
Salinity ppt 18.7 15 22 23.2
Total Organic Carbon (TOC) mg/L 3 2.4 2.38 2.19
Total Suspended Soilds (TSS) mg/L 17.6 21.2 20.4 4.20
Metals Dissolved
Copper µg/L 7 11 8 12
Lead µg/L 10 U 5 U 10 U 10 U
Nickel µg/L 40 94 17 18
Zinc µg/L 20 U 20 U 40 U 40 U
Mercury µg/L 0.1 U 0.1 U 0.1 U 0.1 U
Metals Total
Mercury µg/L 0.1 U 0.1 U 0.1 U 0.1 U
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L 0.01 U 0.010 U 0.011 UJ 0.010 U
Acenaphthene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Acenaphthylene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Anthracene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Fluorene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Naphthalene µg/L 0.01 U 0.010 U 0.011 UJ 0.010 U
Phenanthrene µg/L 0.01 U 0.010 U 0.011 U 0.010 U

HPAHs
Benzo(a)anthracene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Benzo(a)pyrene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Benzofluoranthenes (total) µg/L 0.01 U 0.020 U 0.021 U 0.020 U
Benzo(g,h,i)perylene µg/L 0.01 U 0.010 U 0.011 U 0.010 UJ
Chrysene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Dibenzo(a,h)anthracene µg/L 0.01 U 0.010 U 0.011 U 0.010 UJ
Fluoranthene µg/L 0.01 U 0.010 U 0.011 U 0.010 U
Indeno(1,2,3-cd)pyrene µg/L 0.01 U 0.010 U 0.011 U 0.010 UJ
Pyrene µg/L 0.01 U 0.010 U 0.011 U 0.010 U

1       Samples are field duplicates of Sample MW-01-092507B, MW-02-121107B,  MW-06-032508-B, MW-07-040308-B, MW-06-061708, MW-07-092308.

2       Metals and conventional results are from the initial samples collected on 032508, the wells were resampled on 040308 due to laboratory PAH surrogate recoveries.

9/25/2008

Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.

8th Quarter

MW-01-120908

12/9/2008

7th Quarter

MW-01-092508

    Bolded results indicate detected concentrations.

Note:

6th Quarter

6/17/2008

MW-01-032408

3/24/2008

MW-01-061708

Containment Berm

MW-01
Shallow

5th Quarter
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

8,230 16,240 19,890 19,150
6.10 9.50 11.6 11.4
23.9 16.7 14.0 18.5
98.0 74.4 171.0 75.8

2 U 4 4 6
5 U 5 U 5 U 5 U
5 9 13 11

20 U 20 U 20 U 20 U
0.10 U 0.1 U 0.1 U 0.1 U

0.10 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 UJ 0.010 U
0.017 0.020 0.041 0.023
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.024 0.010
0.010 U 0.010 U 0.018 0.010 U
0.010 U 0.010 0.021 UJ 0.010 U
0.010 U 0.010 U 0.038 0.010 U

0.010 U 0.010 U 0.030 0.010 U
0.010 U 0.010 U 0.025 0.010 U
0.010 U 0.020 U 0.032 0.020 U
0.010 U 0.010 U 0.014 0.010 UJ
0.010 U 0.010 U 0.022 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.022 0.032 0.103 0.033
0.010 U 0.010 U 0.011 0.010 UJ
0.017 0.022 0.084 0.021

12/9/2008
MW-02-092408

9/24/20086/20/2008

MW-02-032408

6th Quarter

3/24/2008

MW-02-062008 MW-02-120908

West of Containment Berm

Shallow
MW-02

8th Quarter7th Quarter5th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

21,400 21,400 39,040 39,040 34,800 29,800
20.6 20.3 23.3 24.5 22.6 18.5

7.8 7.6 2.7 3.1 3.85 7.31
19 22.7 32.6 73.2 37.8 10.5

82 49 51 50 38 74
5 U 5 U 5 U 1 U 10 U 10 U

82 191 46 73 45 17
390 380 530 550 470 540 J

0.10 U 0.10 U 0.1 U 0.1 U 0.1 U 0.1 U

0.10 U 0.10 U 0.1 U 0.1 U 0.1 U 0.1 U

0.133 NA 0.010 U 0.010 U 0.010 UJ 0.010 U
0.845 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U NA 0.010 U 0.010 U 0.010 U 0.010 U
0.122 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.399 NA 0.010 U 0.010 U 0.010 U 0.010 U

4.34 NA 0.010 U 0.010 U 0.032 UJ 0.036
0.390 NA 0.010 U 0.010 U 0.010 U 0.010 U

0.102 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.067 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.131 NA 0.020 U 0.020 U 0.020 U 0.020 U
0.046 NA 0.010 U 0.010 U 0.010 U 0.010 UJ
0.118 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.011 NA 0.010 UJ 0.010 U 0.010 U 0.010 UJ
0.630 NA 0.010 U 0.010 U 0.010 U 0.010 U
0.036 NA 0.010 U 0.010 U 0.010 U 0.010 UJ
0.383 NA 0.010 U 0.010 U 0.010 U 0.010 U

12/11/20086/17/2008

MW-06-061708 MW-06-121108

7th Quarter

MW-06-092507

5th Quarter

6/17/20083/25/20083/25/2008 9/25/2007

MW-06-032508 MW-06-061708B1MW-06-032508-B1

Northwest Corner of St. Paul/ Middle Waterway Peninsula

Shallow
MW-06

8th Quarter6th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

36,700 36,700 40,550 35,760 35,760 31,690
26 NA 24.5 23 23.1 19.8

3.9 NA 3.68 3.26 3.29 4.56
27 NA 68.8 66.4 76.8 13.5

6 NA 7 7 8 8
5 U NA 5 U 10 U 10 U 10 U
9 NA 9 14 15 10

20 U NA 20 U 40 U 40 U 40 U
0.10 U NA 0.1 U 0.1 U 0.1 U 0.1 U

0.10 U NA 0.1 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 U 0.010 UJ 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.020 U 0.020 U 0.020 U 0.020 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U 0.010 U 0.010 U

7th Quarter

9/23/20084/3/2008

MW-07-092308MW-07-061708MW-07-040308-B1MW-07-0403082

9/23/20084/3/2008 12/11/20086/17/2008

MW-07-121108

6th Quarter

MW-07-092308B1

Northwest Corner of St. Paul/ Middle Waterway Peninsula

Intermediate
MW-07

5th Quarter 8th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

37,100 40,620 38,320 33,700
25.9 24.6 25 21.1

28 25.3 22.4 28.3
35.3 103 68.4 43.6

3 3 0.5 U 5 U
5 U 5 U 10 U 10 U
7 8 11 10

20 U 20 U 40 U 40 U
0.1 U 0.1 U 0.1 U 0.1 U

0.1 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U

0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.020 U 0.020 U 0.021 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U

MW-08-092308MW-08-061708

4/3/2008

MW-08-0403082

6/17/2008

6th Quarter 7th Quarter 8th Quarter

MW-08-121108

12/11/20089/23/2008

Northwest Corner of St. Paul/ Middle Waterway Peninsula

Deep
MW-08

5th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

23,200 35,980 35,830 32,510
22.7 21.7 23.1 20.4

6.2 5.46 6.38 8.37
33 56 40.4 34.8

6 7 7 8
5 U 5 U 10 U 10 U
7 8 12 11

20 U 20 U 40 U 40 U
0.1 U 0.1 U 0.1 U 0.1 U

0.10 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.013 0.013
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U

0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.020 U 0.020 U 0.020 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.014 0.014 0.024 0.025
0.010 U 0.010 U 0.010 U 0.010 UJ
0.012 0.012 0.014 0.019

MW-10-061908

6/19/2008 12/11/2008
MW-10-092208 MW-10-121108

9/22/20083/25/2008

MW-10-032508

5th Quarter
Western Portion of St. Paul/ Middle Waterway Peninsula

Shallow
MW-10

6th Quarter 7th Quarter 8th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

19,900 26,500 26,170 24,860
19 15.6 16.3 15.2
8.5 7.0 7.34 9.30

103 66.8 112 49.8

5 4 0.5 U 6
5 U 5 U 10 U 10 U
7 8 13 10

20 U 20 U 40 U 40 U
0.10 U 0.1 U 0.1 U 0.1 U

0.10 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 UJ 0.010 U
0.124 0.183 0.154 0.251
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.011 0.010 U 0.010 J 0.010 J
0.010 U 0.010 U 0.012 UJ 0.027
0.010 U 0.010 U 0.010 U 0.010 U

0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.020 U 0.021 U 0.020 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.018 0.012 0.017 0.016
0.010 U 0.010 U 0.010 U 0.010 UJ
0.014 0.010 U 0.011 0.010 U

MW-11-121108

12/11/2008

7th Quarter

MW-11-092208

9/22/2008

6th Quarter

MW-11-061908

3/25/2008 6/19/2008

MW-11-032508

Western Portion of St. Paul/ Middle Waterway Peninsula

Intermediate
MW-11

5th Quarter 8th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Table 5-3
Comparison of Groundwater Analytical Results for Wells Adjacent to the CDF for Quarters Five through Eight of Baseline Monitoring

Location
Event

Well Screen Interval
Station

Sample ID

Parameter Sample Date
Conventionals Units
Conductivity umhos/cm
Salinity ppt
Total Organic Carbon (TOC) mg/L
Total Suspended Soilds (TSS) mg/L
Metals Dissolved
Copper µg/L
Lead µg/L
Nickel µg/L
Zinc µg/L
Mercury µg/L
Metals Total
Mercury µg/L
Polycyclic Aromatic Hydrocarbons (PAHs)
LPAHs

2-Methylnaphthalene µg/L
Acenaphthene µg/L
Acenaphthylene µg/L
Anthracene µg/L
Fluorene µg/L
Naphthalene µg/L
Phenanthrene µg/L

HPAHs
Benzo(a)anthracene µg/L
Benzo(a)pyrene µg/L
Benzofluoranthenes (total) µg/L
Benzo(g,h,i)perylene µg/L
Chrysene µg/L
Dibenzo(a,h)anthracene µg/L
Fluoranthene µg/L
Indeno(1,2,3-cd)pyrene µg/L
Pyrene µg/L

1       Samples are field duplicates of Sample MW-01-092507B, MW

2       Metals and conventional results are from the initial samples co
Qualifiers: 
U - Undetected

J - The analyte was analyzed for and positively identified, but the 
associated numerical value is an estimated quantity.
    Bolded results indicate detected concentrations.

Note:

21,200 32,640 28,270 26,320
20.1 19.5 17.4 16.1
22.8 22.1 23.1 24.9
67.6 88 102 23.4

5 U 2 U 0.5 U 5 U
10 U 5 U 10 U 10 U

6 8 12 9
40 U 20 U 40 U 40 U

0.10 U 0.1 U 0.1 U 0.1 U

0.10 U 0.1 U 0.1 U 0.1 U

0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 UJ 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U

0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.020 U 0.020 U 0.021 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U
0.010 U 0.010 U 0.010 U 0.010 UJ
0.010 U 0.010 U 0.010 U 0.010 U

6/19/2008

MW-12-061908MW-12-032708

7th Quarter5th Quarter

3/27/2008

MW-12-121108

12/11/2008
MW-12-092208

9/22/2008

6th Quarter
Western Portion of St. Paul/ Middle Waterway Peninsula

Deep
MW-12

8th Quarter

Annual Operations, Maintenance, and Monitoring Report - Year 2
Tables 5-1 through 5-3 CDF Yr 2 Results

Table 5-3
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Baseline CDF Surface Water and

Groundwater Monitoring Locations
Thea Foss and Wheeler-Osgood Waterways

Annual OMMP Report
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and Observation Locations
Thea Foss and Wheeler-Osgood Waterways
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T MITIGATION AREA MONITORING 

ing performed at 
oject) habitat 
 was performed 

MMP) for the Thea 
 2006) as modified 

quires that 
en years 

dial action.  After 10 years of monitoring, the City of Tacoma 
 need for and scope of 

rformed during this 

r the project are 
Puyallup River Side 

ese mitigation 
re identified as 

at, SR 509 
 

 area monitoring field activities described below, 
the City prepared the Year 2 Monitoring Habitat Mitigation Area Monitoring Preliminary Findings 

 and the findings.  
morandum was submitted to the agencies on August 27, 2008.  A copy of this 

dix E.   

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

s and physical 
ory 

rovide 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 

low 8.78 feet MLLW.  Exceptions to this were noted in the Preliminary Findings 
Memorandum. 
 

6.0 HABITA
 
6.1 Introduction 
 
This section presents a summary of the Year 2 habitat mitigation area monitor
the Thea Foss and Wheeler-Osgood Waterways Remediation Project (Foss Pr
mitigation and enhancement area sites.  This habitat mitigation area monitoring
in accordance with the Operations, Maintenance, and Monitoring Plan (O
Foss and Wheeler-Osgood Waterways Remediation Project (City of Tacoma
by Annual Technical Memoranda submitted for agency review.  The OMMP re
various components of habitat mitigation monitoring occur throughout the first t
following completion of the reme
(City) and U.S. Environmental Protection Agency (EPA) will evaluate the
additional monitoring.  A summary of the habitat area monitoring activities pe
monitoring year is provided in Table 6-1. 
 
As described in Section 6.0 of the OMMP, the habitat mitigation areas fo
identified as the North Beach Habitat, Middle Waterway Tideflat Habitat, 
Channel, and the Hylebos Creek Mitigation Site.  Constructed acreages of th
areas are provided in Table 6-2.  The Thea Foss Habitat Enhancement Areas a
the Johnny’s Dock Habitat Enhancement, Head of Thea Foss Shoreline Habit
Esplanade Riparian Habitat, and the Log Step Habitat Enhancement.  
 
Following completion of the habitat mitigation

Memorandum (City of Tacoma 2008) which summarized the work performed
This me
Preliminary Findings Memorandum is included as Attachment E-1 in Appen

 
6.1.1 Habitat Mitigation Area Monitoring Objectives 
 
The OMMP specifies

 
 To evaluate the effectiveness of the development of biological feature

features at the mitigation and enhancement sites to confirm that they are on a traject
to p

be
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t mitigation 
area monitoring, habitat mitigation area maintenance, and contingency planning and response 

 monitoring included the following activities: 

tion; 

e key 

with the Washington Conservation Corps (WCC) to provide a crew for performance of these 
s.  The crew picks 

ables, pulls or 
g the past year 

Adaptive management and contingency planning procedures were established in Sections 6.4 
, these procedures are implemented to determine 

uire follow-up action.  

  As indicated 
s of the 

y to meet the 
ttained and 
rmed at both the 

nt sites to document visual observations at the site and to identify any 
general maintenance concerns, track site naturalization, and document use of the sites by 
wildlife.  Photo documentation was performed at both the mitigation and enhancement sites to 
record habitat site development over time from specific photo locations.  Quantitative monitoring 

the mitigation sites was performed to track survival and development of planted areas, 
colonization by new species, and presence of undesirable species.  Finally, elevation monitoring 
allows for the evaluation of sediment erosion or accretion over time at the mitigation sites.  
Details of these activities at each of the mitigation and enhancement sites can be found in the 
Year 2 Monitoring Habitat Mitigation Area Monitoring Preliminary Findings Memorandum.  A 
summary is also provided below. 

6.1.2 Scope of Habitat Mitigation Area Monitoring 
 
Year 2 mitigation area performance monitoring consists of three components:  habita

actions. 
 
Year 2 habitat mitigation area
 
 Qualitative ground surveys; 

 Photo documenta

 Quantitative vegetation monitoring; and 

 Elevation monitoring. 
 
These activities are described in more detail in Section 6.2.1 below. 
 
Routine maintenance, performed on an ongoing basis throughout the year, is th
component of the habitat maintenance and monitoring program.  The City maintains a contract 

routine maintenance activities at the various mitigation and enhancement site
up garbage, repairs goose exclusion grids, tightens large woody debris (LWD) c
cuts weeds, and replants on an as needed basis.  A summary of their work durin
is provided in Section 6.3. 
 

and 6.5 of the OMMP.  As issues are identified
the best course of action.  To date, two issues have been identified that req
These issues, along with their current status are described in Section 6.4. 
 
6.2 Habitat Mitigation Area Monitoring 
 
6.2.1 Summary of Habitat Mitigation Area Monitoring  
 
Year 2 habitat mitigation area monitoring activities are set forth in the OMMP.
above, the primary function of habitat monitoring is to evaluate the effectivenes
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 necessar
objectives for each site, and to confirm that the individual habitat sites have a
continue to meet their objectives over time.  Qualitative monitoring was perfo
mitigation and enhanceme

at 
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and continued intermittently 
ction forms and 

ese monitoring activities are included in the Preliminary Findings 
y of activities 

s conducted on July 16, 
 

 these points at 
LW.   

own on Figure 6-1, were inspected to evaluate 
 elevation 

s estimated 
 point 

locations and elevation stakes are included in Table 6-3.   

d the potential marsh 
e shown on 

e was completed 
8, at the four 

A total of eleven 
proximately -0.81 feet 

ed to evaluate 
 monitoring event.  Photographs showing the elevation 

 was estimated 
for photo point 

ation survey of the brackish salt marsh area was performed on July 30, 
2008.  Quantitative 

Puyallup River Side Channel – The qualitative ground survey of the site was completed on 
July 17, 2008 and July 25, 2008.  Photographs were taken on July 17, 2008, at the six 
permanent photo points established at the locations shown on Figure 6-3.  A total of ten 

otographs were taken at these points at tidal elevations ranging from approximately -1.45 feet 
MLLW to -1.34 feet MLLW.   
 
Six elevation stakes, placed at the locations shown on Figure 6-3, were inspected to evaluate 
changes in elevation since the previous monitoring event.  Photographs showing the elevation 
stakes in place were taken and the amount of sediment accretion or erosion was estimated 

 
6.2.2 Summary of Field Activities 
 
Year 2 habitat monitoring activities were initiated on June 30, 2008, 
at the various sites until August 14, 2008.  Copies of the completed inspe
photographs for th
Memorandum in Attachment  E-1 in Appendix E.  The following is a summar
performed at each site: 
 
North Beach Habitat – The qualitative ground survey of the site wa
2008.  Photographs were taken during the survey at the six permanent photo points established
at the locations shown on Figure 6-1.  A total of 17 photographs were taken at
tidal elevations ranging from approximately -1.19 feet MLLW to -1.01 feet ML
 
Five elevation stakes, placed at the locations sh
changes in elevation since the previous monitoring event.  Photographs showing the
stakes in place were taken and the amount of sediment accretion or erosion wa
using the marks on the stakes.  For reference purposes, survey information for photo

 
The quantitative vegetation survey of the riparian area, the marsh area, an
area was also performed on July 16, 2008.  Quantitative monitoring locations ar
Figure 6-9.   
 
Middle Waterway Tideflat Habitat – The qualitative ground survey of the sit
on July 17, 2008 and July 30, 2008.  Photographs were taken on July 17, 200
permanent photo points established at the locations shown on Figure 6-2.  
photographs were taken at these points at tidal elevations ranging from ap
MLLW to -0.34 feet MLLW.   
 
Six elevation stakes, placed at the locations shown on Figure 6-2, were inspect
changes in elevation since the previous
stakes in place were taken and the amount of sediment accretion or erosion
using the marks on the stakes.  For reference purposes, survey information 
locations and elevation stakes are included in Table 6-3.   
 
The quantitative veget
2008, and for the riparian area was completed on July 17, 2008 and July 25, 
monitoring locations are shown on Figure 6-10.   
 

ph
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urposes, survey information for photo point 

The quantitative vegetation survey of the riparian area was completed on July 23, 2008 and July 

 completed on 
, at the seven 

 total of 21 
 approximately -0.94 feet 

ximately 11.55 
dation.   

pected to evaluate 
ng event.  Photographs showing the elevation 

ion was estimated 
 point 

locations and elevation stakes are included in Table 6-3.  In addition, a centerline transect 

1, 2008.  

 of the site was 
 two permanent 

hotographs were 
  For reference 

included in Table 6-3. 

site was 
 two permanent 
raphs were taken at 

poses, 

ite was completed 
nent photo points 

on Figure 6-7.  A total of four photographs were taken at 
these points at a tidal elevation of approximately 0.21 feet MLLW.  For reference purposes, 
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 

y 1, 2008.  A photograph was taken on July 1, 2008, at the one permanent photo point 
established at the location shown on Figure 6-8.  One photograph was taken at this point at a 
tidal elevation of -1.21 feet MLLW.  For reference purposes, survey information for photo point 
locations is included in Table 6-3. 
 

using the marks on the stakes.  For reference p
locations and elevation stakes are included in Table 6-3.   
 

25, 2008.  Quantitative monitoring locations are shown on Figure 6-11.   
 
Hylebos Creek Mitigation Site – The qualitative ground survey of the site was
July 17, 2008 and July 30-31, 2008.  Photographs were taken on July 17, 2008
permanent photo points established at the locations shown on Figure 6-4.  A
photographs were taken at these points at tidal elevations ranging from
MLLW to -0.41 feet MLLW.  In addition, a second set of photographs was taken on July 30-31, 
2008, at the seven photo point locations at tidal elevations ranging from appro
feet MLLW to 11.95 feet MLLW to show site conditions during periods of inun
 
Six elevation stakes, placed at the locations shown on Figure 6-4, were ins
changes in elevation since the previous monitori
stakes in place were taken and the amount of sediment accretion or eros
using the marks on the stakes.  For reference purposes, survey information for photo

survey of each channel was performed on June 30, 2008.   
 
The quantitative vegetation survey of the riparian area was completed on July 3
Quantitative monitoring locations are shown on Figure 6-12.   
 
Johnny’s Dock Habitat Enhancement – The qualitative ground survey
completed on July 1, 2008.  Photographs were taken on July 1, 2008, at the
photo points established at the locations shown on Figure 6-5.  A total of four p
taken at these points at a tidal elevation of approximately 3.45 feet MLLW.
purposes, survey information for photo point locations is 
 
Head of Thea Foss Shoreline Habitat – The qualitative ground survey of the 
completed on July 1, 2008.  Photographs were taken on July 1, 2008, at the
photo points established at the locations shown on Figure 6-6.  Two photog
these points at a tidal elevation of approximately 2.0 feet MLLW.  For reference pur
survey information for photo point locations is included in Table 6-3. 
 
SR 509 Esplanade Riparian Habitat – The qualitative ground survey of the s
on July 1, 2008.  Photographs were taken on July 1, 2008, at the three perma
established at the locations shown 

Jul
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t mitigation and 
es are in an appropriate and healthy condition required for establishment.  

Specifically, the OMMP requires that habitat mitigation monitoring be performed to achieve the 

nd physical 
are on a trajectory 

itat function necessary to meet the objectives for each site; and  

 objectives for 

 detail in the Year 
andum, and are 

was establishing 
n, pickleweed is 

 the pilot nodes 
 and a reduced 
s held on August 
ese pilot areas.  

 instruction from 
 in Section 6.4.  Ongoing erosion along 

bilize the slope.  It 
 this area.  Minor 
ing of the area, 

and other debris.  A 

 outlined in the 
 are described in the 

 pilot area, Total 
Percent Cover were analyzed, and for the salt marsh area, the Area-Weighted Percent Cover, 

ined using the 
tative analyses are 

wn on Table 6-
9, with the exception of the Total Percent Cover at the saltmarsh pilot nodes, there was an 
increase in each metric at this site between Year 1 and Year 2.  Based on the analyses 
performed, the site meets the performance criteria for vegetation survival and establishment. 

Overall, the potential marsh area is becoming well established and is currently dominated by 
pickleweed.  The pickleweed is spreading well both inside and outside the nodes with seed 
sources located throughout Middle Waterway.  Some areas of salt grass are present, but it is 
much less prevalent than the pickleweed.  In the riparian area, the site is dominated by 
hydroseed and willow.  In the field notes, the top five species identified within each quadrat were 

6.2.3 Summary of Findings from Habitat Mitigation Area Monitoring 
 
The primary purpose of the monitoring program is to document that the habita
enhancement sit

following objectives:   
 
 To evaluate the effectiveness of the development of biological features a

features at the mitigation and enhancement sites to confirm that they 
to provide hab

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

 
Initial results of the monitoring performed at each of the sites are described in
2 Monitoring Habitat Mitigation Area Monitoring Preliminary Findings Memor
summarized in the sections below.   
 
North Beach Habitat – The qualitative ground survey confirmed that the site 
well and the plants were beginning to spread in the riparian areas.  In additio
spreading well throughout the potential marsh portion of the site.  As expected,
were not establishing as well as the other nodes due to their greater exposure
amount of organics in the substrate.  An on-site meeting with the agencies wa
14, 2008, to discuss potential alternatives for establishment of vegetation in th
As outlined in the PFM, options were discussed, and the City is awaiting final
EPA.  A more detailed summary of this issue is provided
the lower face of the containment berm continued to be monitored on a regular basis as 
described in more detail below.  Dune Grass is spreading and helping to sta
was noted that habitat mix/fine-grained material was present at the surface in
repairs to the goose exclusion grids are needed along with some minor weed
tightening of the anchors on the large woody debris, and removal of trash 
summary of required maintenance activities is provided in Table 6-4. 
 
Quantitative vegetation monitoring was performed and data were analyzed as
OMMP and summarized in Table 6-6.  Quantitative monitoring activities
Preliminary Findings Memorandum.  For the riparian area and the salt marsh

Percent of Potential Marsh with Some Vegetation, and Density were determ
procedures outlined in Appendix E of the OMMP.  Calculations for the quanti
included as Attachment E-2 in Appendix E.  Results of these analyses are shown on Table 6-7 
and the comparison to the performance criteria is included in Table 6-8.  As sho
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d invasive 
 2.5% - 85% within 
itat sites are 

e sloughed areas on 
e erosion has on 

ll-draining nature of the berm materials is also affecting plant 
nce criteria were 

was noted that there 

e was +1.0 
le 6-8). 

hat the site was 
outside of the planted 

 doing well.  Some 
ntified, but is minor 

ddition, pickleweed is 
ddle Waterway.   

weeding and 
 the goose 

ts.  Sprinkler 
ce of the irrigation 

d as outlined in the 
eliminary Findings 

s analyzed, and for the brackish 

pendix E of the 
nt E-2 in Appendix 

he performance 
crease in each metric 

 site meets the 

rrently dominated 
as in and adjacent to the planted nodes.  Away from the nodes, 

sand spurry is most common although some pickleweed and orache are also present.  In the 
riparian area, the site is dominated by hydroseed although shrubs and trees are also becoming 
well established, especially in the irrigated areas.  In the field notes, the top five species 

ntified within each quadrat were determined, and in most cases included a combination of a 
variety of native and invasive species.  The presence of invasives at the time of the inspection 
ranged from 2.0% - 50% within the selected quadrats, for an overall average of approximately 
17%.  The habitat sites are regularly maintained by the WCC to keep the invasives under 
control.  On the ends of the site outside of the influence of the riparian sprinkler system, there 
was more bare ground measured.   
 

determined, and in most cases included a combination of a variety of native an
species.  The presence of invasives at the time of the inspection ranged from
the selected quadrats, for an overall average of approximately 17%.  The hab
regularly maintained by the WCC to keep the invasives under control.  Th
the berm affect the quantitative evaluation of the site, given the impact that th
plant establishment.  The we
establishment to some degree in places.  Despite these conditions, performa
achieved as indicated on Table 6-8. 
 
Five elevation stakes are in place at the site and during the inspection it 
had been up to 2 inches of sediment accumulation in places, and loss of 1 inch of material in 
another location.  The average change in sediment elevation relative to baselin
inches (Table 6-5).  This meets the performance standard for this element (Tab
 
Middle Waterway Tideflat Habitat – The qualitative ground survey confirmed t
establishing well and the brackish marsh plants were continuing to spread 
nodes within the sprinkled area.  Vegetation within the riparian area was also
erosion from seeps, springs, and other influences in the marsh area was ide
and consistent with the amount that would be expected in this setting.  In a
spreading well throughout the site from seed sources elsewhere in the Mi
 
Minor repairs to the goose exclusion grids are needed, along with some limited 
debris removal.  There is some bark and other wood debris accumulating within
exclusion grids which will be removed as needed to prevent impact to the plan
heads are repaired or replaced as needed to ensure optimal performan
system.   
 
Quantitative vegetation monitoring was performed and the data were analyze
OMMP (Table 6-6).  Quantitative monitoring activities are described in the Pr
Memorandum.  For the riparian area, Total Percent Cover wa
marsh area, the Area-Weighted Percent Cover, Percent of Potential Marsh with Some 
Vegetation, and Density were determined using the procedures outlined in Ap
OMMP.  Calculations for the quantitative analyses are included as Attachme
E.  Results of these analyses are shown on Table 6-7 and the comparison to t
criteria is included in Table 6-8.  As shown on Table 6-9, there was an in
at this site between Year 1 and Year 2.  Based on the analyses performed, the
performance criteria for vegetation survival and establishment. 
 
Overall, the brackish marsh area is becoming very well established and is cu
by Lyngbyei sedge in the are

ide
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ility located north 
 the marsh.  It is 
te between 

thern end of the site 
t appear to be affecting plant development.  

ds, and the 

 noted that there had 
 to 8.5 inches of erosion 

 edge of a 
osion.  Two different depths were therefore noted on the field form.  The 

of the two 
ance standard for 

he site was 
iparian areas relative 

material was 
intenance activity 
channel off of the 
ondition.   

utlined in the 

m.  Total Percent Cover was analyzed for the riparian area using the procedures 
s are included as 
7 and the 

 Table 6-9, there 
d on the data from 
 vegetation 

s dominated by a 
e slowly than other 

e well-draining substrate and lack of irrigation.  
 naturalized.  
t.  There were 

e quadrats.  In the 
ed, and in most 

 presence of 
invasives at the time of the inspection ranged from 5% - 60% within the selected quadrats, for 
an overall average of approximately 23%.  The habitat sites are regularly maintained by the 

C to keep the invasives under control.   
 
Six elevation stakes are in place at the site and during the inspection it was noted that there had 
been 4.25 inches of sediment erosion in one location, and up to 5.0 inches of sediment 
accumulation at remaining locations.  The average change in sediment elevation relative to 
baseline was +1.833 inches (Table 6-5).  Sediment deposition is anticipated at this site, and 
therefore there is no performance criteria associated with elevation at this site.  In accordance 

Small amounts of bark were present at the site, likely from the log haul out fac
of the habitat area.  This bark did not appear to be impacting establishment of
estimated that the bark covered approximately 10-20% of the portion of the si
elevation 10 feet MLLW and 13 feet MLLW, with most occurring at the sou
and behind the planting nodes.  This bark did no
Only small amounts of wood debris were present within the goose exclusion gri
larger pieces are removed as part of routine maintenance. 
 
Six elevation stakes are in place at the site and during the inspection it was
been up to 0.50 inch of sediment accumulation at one location, and up
at another location.  At this location (E4), the elevation stake was located at the
localized area of er
average change in sediment elevation relative to baseline using the larger 
measurements for E4 was -1.625 inches (Table 6-5).  This meets the perform
this element (Table 6-8). 
 
Puyallup River Side Channel – The qualitative ground survey confirmed that t
establishing well and the plants were becoming better established in the r
to the previous year’s monitoring.  It was noted that habitat mix/fine-grained 
present at the surface in this area.  Minor weeding of the area was the only ma
identified at this time.  A small spit of sedimentation remains inside of the side 
downstream remnant levee section.  Overall, this site appeared to be in good c
 
Quantitative vegetation monitoring was performed and data were analyzed as o
OMMP (Table 6-6).  Quantitative monitoring activities are described in the Preliminary Findings 
Memorandu
outlined in Appendix E of the OMMP.  Calculations for the quantitative analyse
Attachment E-2 in Appendix E.  Results of this analysis are shown on Table 6-
comparison to the performance criteria is included in Table 6-8.  As shown on
was an increase in each metric at this site between Year 1 and Year 2.  Base
this year and the analyses, the site meets the performance criteria for riparian
establishment.   
 
Overall, the riparian area on the cutdown berm portion (old levee) of the site i
variety of shrubs and trees which are becoming established, albeit a bit mor
sites.  This could be attributed to th
Approximately half of the area is dominated by native species, both planted and
Damage caused by willow weevils created a small setback in site establishmen
some areas (approximately 40% overall) of bare ground measured within th
field notes, the top five species identified within each quadrat were determin
cases included a combination of a variety of native and invasive species.  The

WC
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ears.  After that 
ng may be initiated 

uate site alternatives such as dredging or 

hat the site was 
.  Vegetation within 

oing very well.  No obstruction to fish passage was 
dition.  Only 

as outlined in the 
liminary Findings 
ed using the 

own on Table 6-7 
hown on Table 6-

each metric at this site between Year 1 and Year 2.  Percent Survival is difficult to measure 
 may not have 

 requesting that 
erformed, the 

   

d by a variety of 
unity is 
veral other trees 
ithin each 

ative and 
d from 0% - 30% 

.  The habitat sites 

g of rushes and 
the winter.  Also, 

areas.   

ed that there had 
nches of 

 (Table 6-5).  A 
med on June 30, 

2008.  Figure 6-13 shows the elevations from this Year 2 survey, along with the elevations 
measured during the Year 1 survey, elevations from four of the elevation stakes measured 

ring the baseline survey performed in July 2006, and the design and as-built centerline 
elevations within the north and south nodes.  As depicted on Figure 6-13, the as-built elevations 
of the lobes at the site were an average of 0.74 feet deeper in the north lobe and 1.17 feet 
deeper in the south lobe compared to the design elevations.  Between the time that construction 
of this site was completed in September 2005 and the time of the baseline survey of the 
elevation stakes in the nodes was completed in July 2006, the site had silted in such that the 
elevations at Year 0 were closer to, but still below the approved design elevations at all but one 

with the OMMP, the sedimentation rate at this site will be evaluated for five y
time, if the rate is determined to be unacceptably high, contingency planni
through the Adaptive Management Team to eval
excavating an inlet/outlet to create a flow through system. 
 
Hylebos Creek Mitigation Site – The qualitative ground survey confirmed t
establishing well and the emergent wetland plants were continuing to spread
the forested wetland area was also d
identified in the channel areas.  Overall, this site appeared to be in excellent con
minor weeding is needed at this time.   
 
Quantitative vegetation monitoring was performed and the data were analyzed 
OMMP (Table 6-6).  Quantitative monitoring activities are described in the Pre
Memorandum.  For the forested wetland area, Total Percent Cover was analyz
procedures outlined in Appendix E of the OMMP.  Calculations for the quantitative analyses are 
included as Attachment E-2 in Appendix E.  Results of these analyses are sh
and the comparison to the performance criteria is included in Table 6-8.  As s
9, with the possible exception of a slight decrease in Percent Survival, there was an increase in 

beyond the first year because while some of the originally planted vegetation
survived, established plants are spreading in the same areas.  The City will be
this metric be removed from future monitoring events.  Based on the analyses p
site meets the performance criteria for vegetation survival and establishment.
 
Overall, the upper area of the forested wetland portion of the site is dominate
shrubs and trees which are becoming established.  A good diverse plant comm
developing with large areas currently dominated by red alder and willow, but se
and shrubs are also thriving.  In the field notes, the top five species identified w
quadrat were determined, and in most cases included a combination of a variety of n
invasive species.  The presence of invasives at the time of the inspection range
within the selected quadrats, for an overall average of approximately 3.6%
are regularly maintained by the WCC to keep the invasives under control.  The lower portion of 
the forested wetland portion of the site is seeing significant growth and spreadin
potentilla.  The upland forest area is doing well with conifers showing nicely in 
many alder have been transplanted to the slope to provide quick shading of the node 
 
Six elevation stakes are in place at the site and during the inspection it was not
been up to 1.25 inches of sediment erosion at several locations, and up to 1.0 i
sediment accumulation at another location.  Based on elevation stake measurements, the 
average change in sediment elevation relative to baseline was -0.333 inches
transect survey of the centerlines of both the north and south nodes was perfor

du
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the performance 
vation change along 
ilt elevations.  

ria (average change in 
.51 feet and in the north lobe was 0.37 feet).  

Year 0 

ed that the site 
ad.  Additional 

luding goose tongue, gumweed, orache, 
.  Minor repairs or 
he anchors on the 

rmed that the site 
well established and the planted species were continuing to spread.  Additional 

d, orache, plantain, 
or repairs or 

nly maintenance 

d that the site 
volunteer 

at the site area including cottonwood, willow, plantain, pearly everlasting, and gumweed.  The 
 of the inspection, 

eared to be in very good 
or weeding and 
otable item at this 

and the project team 
rdinate with developers to minimize impacts on this site (see Section 7.2). 

hat the site was 
l species were 

e site appeared to 
 in excellent condition.  Minor weeding, checking the anchors on the large woody debris, and 

minor repair or removal of the goose exclusion grid were the only maintenance activities 
required.   
 
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 

ection 6.3.  A summary of the results of all of the habitat monitoring performed and whether 
or not established performance standards for each element were achieved is provided in Table 
6-8. 
 

location surveyed (near the mouth of the north lobe).  According to the OMMP, 
criteria relative to elevation changes at this site indicate that the average ele
the centerline transect of the channels must be less than 0.2 feet from as-bu
Based upon this criteria, the site does not meet this performance crite
south lobe relative to as-built elevations was 0
However, if the elevations are compared to either the design elevations or the 
elevations, the site does meet the performance criteria.  
 
Johnny’s Dock Habitat Enhancement – The qualitative ground survey confirm
was becoming well established and the planted species were continuing to spre
species were also beginning to volunteer at the site inc
and coastal strawberry.  Overall, the site appeared to be in excellent condition
removal of the goose exclusion grids, minor trash removal, and tightening of t
large woody debris were the only maintenance activities required.   
 
Head of Thea Foss Shoreline Habitat – The qualitative ground survey confi
was becoming 
species were also volunteering at the site including brass buttons, picklewee
and goose tongue.  Overall, the site appeared to be in excellent condition.  Min
removal of the goose exclusion grids, weeding, and trash removal were the o
activities required.   
 
SR 509 Esplanade Riparian Habitat – The qualitative ground survey confirme
was generally continuing to establish well.  Additional species were also beginning to 

sprinkler system did not appear to have been functioning properly at the time
but was subsequently inspected and repaired.  Overall, the site app
condition, but increased watering was expected to improve the situation.  Min
mulching were the only maintenance activities required.  Transient trash is a n
site.   
 
A park and esplanade are being developed in 2009 on the adjacent site 
will coo
 
Log Step Habitat Enhancement – The qualitative ground survey confirmed t
becoming well established and the plants were continuing to spread.  Additiona
also volunteering at the site including pickleweed and sand spurry.  Overall, th
be

in S



 Section 6.0 – Habitat Mitigation Area Monitoring

 

Annual Operations, Maintenance, and Monitoring Report – Year 2 
Section 6.0 Habitat Mitigation Area Monitoring 

Page 6-10

 

r Year 3.  Year 3 
e site surveys at both 

toring, elevation 
water surface elevation monitoring will be 

on sites.  These activities are scheduled to be conducted in 
opriate tidal cycles.   

6.3 Habitat Mitigation Area Maintenance  

As indicated above, routine maintenance of the habitat mitigation and enhancement sites is 
 crew.  Both City staff and WCC have visited the sites 

ecifically 

6.3.2 Completed Maintenance Activities 

CC has followed up 
d the following 

d Middle Waterway 
d the goose exclusion grids at the Johnny’s Dock Habitat 

ad of Thea Foss 

sed portions of jute mat installation as needed from all sites; 

rids at the 

 Tightened large woody debris anchors and replaced anchors as needed at the North 
ement area, and Log Step Habitat 

s at the Middle 

6.3.3 Replanting Performed as Part of Maintenance Activities  
 

der the approved OMMP, replanting of the sites 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.  Based upon the Year 2 quantitative vegetation survey, there 
were no areas where vegetation performance standards were not achieved.  Therefore, 
additional plantings are not required at this time.  While not required, additional willow stakes 
were planted at the Puyallup River Side Channel in November to replace those that had been 
impacted by willow weevil. 

6.2.4 Schedule of Habitat Mitigation Area Monitoring Activities 
 
The next round of habitat mitigation area monitoring activities is scheduled fo
monitoring activities are summarized in Table 6-10 and include qualitativ
the mitigation sites and the enhancement sites.  In addition, invertebrate moni
monitoring, juvenile salmonid monitoring, and 
performed at the applicable mitigati
June 2009 or July 2009, during appr
 

 
6.3.1 Maintenance Approach 
 

performed for the City by the WCC
periodically during the year for informal inspections and maintenance, as well as sp
following up on issues identified during the qualitative site surveys. 
 

 
Since the performance of the qualitative site inspections in July 2008, the W
on all of the maintenance issues identified.  Specifically, they have performe
activities: 
 
 Repaired goose exclusion grids at the North Beach Habitat Area an

Tideflat Habitat.  Remove
Enhancement Area, the Log Step Habitat Enhancement, and the He
Shoreline Habitat; 

 Picked up trash and unu

 Removed larger pieces of wood debris from within the goose exclusion g
Middle Waterway Tideflat Habitat; 

Beach Habitat, Johnny’s Dock Habitat Enhanc
Enhancement area; and 

 Weeded at all sites as needed. 
 
In addition, City Maintenance crews maintained/repaired the sprinkler system
Waterway Tideflat Habitat and the SR 509 Esplanade Riparian Habitat. 
 

Un
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th in Sections 6.4 
n the Baseline 

th Beach Habitat, 
 identified during 

gement 
alternatives and/or contingency planning.  This issue was related to the lack of vegetation 

 Habitat.  A summary of these issues and 

on of the qualitative site survey in July 2006, some increasing erosion of an area 

sed the 
ay peninsula to 

termined that the best course of action was to conduct a 
d on December 
eting to provide 

of equilibrium.  

oto points and other relevant 
his 

The 
Quarterly CDF 

r of the peninsula.  
A plan was approved and the additional LWD was placed in August 2007. 

m is becoming more 
etation, especially 

d at the 
e to reevaluate 

ollow-up actions are required.   
 
In summary, in terms of the Contingency Planning Procedures set forth in Section 6.5 of the 

MP, 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. 

 Task 2 – Notice and Verification:  The City notified EPA verbally in August 2006 and 
via email on October 5, 2006.   

 
6.4 Contingency Planning and Response Actions 
 
The approach to adaptive management and contingency planning are set for
and 6.5 of the OMMP, respectively.  There is one remaining issue identified i
Annual Operations, Maintenance, and Monitoring Report, erosion at the Nor
which the City is continuing to monitor.  In addition, there was one new issue
Year 2 relative to habitat mitigation monitoring that requires review of adaptive mana

establishment at the pilot nodes in the North Beach
their current status are provided in Sections 6.4.1 and 6.4.2, below. 
   
6.4.1 St. Paul Beach Habitat / North Beach Habitat Erosion 
 
After completi
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.  The City propo
placement of some LWD at the northwest corner of the Middle/St. Paul Waterw
protect the bank.   
 
After further discussion, it was de
meeting at the site to further evaluate the conditions.  The site meeting was hel
7, 2006.  A Coastal Geologist from the Department of Ecology attended the me
additional expertise and guidance.  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 
The outcomes from the meeting were to: 
 
 Take quarterly photographs of the site at the established ph

locations to track continued movement of the beach at the site.  Since March 2007, t
has been done in conjunction with the quarterly monitoring of the CDF.  
photographs and an evaluation of ongoing changes are provided in the 
Monitoring Reports; and 

 Develop a modified plan for placement of LWD at the northwest corne

 
The City continued with the scheduled monitoring through 2008.  It generally appears at this 
time that the erosion has stabilized.  The vegetation on the containment ber
established which will help to minimize additional erosion.  Some of the veg
dune grass, which has fallen with chunks of dirt from the bank has become establishe
new lower elevation.  The City recommends another on site meeting at this tim
the situation and determine whether additional monitoring or f

OM
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nd Consultation:  A meeting was held on December 7, 2006, to 

e meeting 
 at approved locations 

d to monitor the site to determine whether any future response actions were 
mended to determine the need for 

t at the North 
2007, minimal 

itat area.  In June 
2008, during Year 2 Quantitative Monitoring, it was noted that there was no remaining 

hese pilot node 
etation at these 

odes were required 
each Habitat in 
nization of the 

ons at the St. Paul 
at the Peninsula 

s were to be planted with a combination of Salicornia Virginica, 
Distichlis spicata, and Deschampsia caespitosa.  Due to the erosion and shifting of the beach 

ctivity since the area 
e exposure 
t node at the 

s and there is not 

ing these 
itat.  In the 
 maintenance of 

d continued monitoring 
s the overall site 

ps and comes to equilibrium.  In addition, the City requested a reconsideration of the 

w site conditions 
and to discuss these issues.  The site meeting was held on August 14, 2008.  Several concerns 
related to the lack of vegetation in the pilot node and additional planting node areas were 
discussed, including shifting beach materials, exposure, and the lack of organics in the 

strate.  Options for adaptive management in this area were discussed, including the 
following: 
 

 Relocating the pilot node at the tip of the peninsula to another area where the beach is 
shifting less.  One possibility is an area to the west of the current node location where a 
natural low area has formed.  The area was visually monitored over the fall and early 

 Task 3 – Meeting a
review the site conditions. 

 Task 4 – Response to Contingency Screening:  In accordance with th
outcome, the City placed additional large woody debris at the site
and continue
needed.  A follow-up agency site visit is recom
additional actions. 

 
6.4.2 North Beach Habitat Pilot Node/Planting Modifications 
 
In June 2008, the City identified two issues related to vegetation establishmen
Beach Habitat.  First, during Year 1 quantitative monitoring performed in July 
plant survival was observed in the three pilot nodes at the North Beach Hab

vegetation in these pilot node areas.  In addition, the goose exclusion grids at t
locations were in a state of disrepair.  The failure of establishment of the veg
pilot node locations does not appear to be related to predation.   
 
Second, in accordance with the design documents, four additional planting n
to be constructed at the St. Paul Beach and Peninsula portions of the North B
the first or second season following construction completion to accelerate colo
site.  Two additional 16'x16' nodes were to be placed at each of two elevati
Beach and one additional 16'x16' node was to be placed at two elevations 
portion of the site.  The node

materials occurring at the site, the City requested reconsideration of this a
does not appear to be conducive to establishment of the species indicated.  Th
appears to be too great, as evidenced by the lack of plants surviving in the pilo
point.  In addition, the substrate is likely too rocky/cobbly for these specie
enough organic material available.   
 
On June 11, 2008, the City sent an email notification to the agencies identify
questions/concerns related to vegetation establishment at the North Beach Hab
email, the City requested authorization to eliminate the requirement to continue
the goose exclusion grids at the three pilot locations.  The City propose
of these areas for volunteer vegetation that might become established a
develo
locations and proposed species for the additional planting nodes.   
 
In response to the email, the agencies requested an on-site meeting to revie

sub
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to shift seasonally, 
there does not 

.  Therefore, it 
 optimal location for the additional planting nodes required 

in the design report.  With agency concurrence, the appropriate species for this 

 plant 
ld be considered.  

e of the existing 
estoration site.  

il and allowed to 
, the bucket could be buried in the ground at the 

ld establish at these 
sment.  The City will 

of the 
performed: 

ailed to 
ng routine site inspection activities.  In addition, the uncertainty regarding 

 June 11, 2008.   

t 14, 2008 to review 

the failed 
xposure at the site, the 

ifting of the beach.  
ive was discussed   

lished pickleweed harvested from a 
nearby restoration site.  Optimally, the plant would be set in a 5-gallon bucket with good 
organic material and the bucket itself would be buried in the beach in attempt to maintain 
the organic material.  The City will implement this alternative pending agency approval.  
For locations of the additional planting nodes, it was suggested that continued 
monitoring of the beach area would performed to determine whether the beach has 
stabilized or will continue to shift seasonally.  Based upon this information, the best 
locations for additional planting nodes can be determined.   

 
 

winter to determine whether the beach has stabilized or is continuing 
which would impact node sustainability.  Based on these observations, 
appear to be an issue of shifting materials in the area west of the LWD
appears that this might be the

location/elevation can be determined.  
 
 As a means of assessment of the impact that reduced organics has on

establishment in the pilot node areas, a revised planting approach cou
It was suggested that mature pickleweed plants be harvested from on
restoration sites in the area such as the City’s Middle Waterway NRDA r
These plants could be planted in 5-gallon buckets of good, organic so
stabilize to avoid shock.  Once stable
pilot node locations to see if, with good organic substrate, plants cou
locations.  Next steps would be based on the results of this asses
initiate this test pending agency approval. 

 
In summary, in terms of the Contingency Planning Procedures set forth in Section 6.5 
OMMP, the following tasks in the Contingency Screening Process have been 
 
 Task 1 – Screening Levels:  The City identified that all vegetation had f

establish duri
the additional required planting nodes was identified.   

 Task 2 – Notice and Verification:  The City notified EPA via email on

 Task 3 – Meeting and Consultation:  A meeting was held on Augus
the site conditions. 

 Task 4 – Response to Contingency Screening:  Potential causes for 
plantings were discussed at the on-site meeting, including the e
lack of organics in the beach surface materials, and the seasonal sh
For establishment of plants at the pilot node locations, one alternat
which was to try planting a larger mass of estab
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Table 6-1 
Year 2 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 n/a 

Invertebrate Monitoring n/a n/a -- -- n/a 

Elevation Monitoring x x x x n/a 

Surface Water Elevation Sampling n/a n/a n/a -- n/a 

Brackish Marsh Salinity Monitoring n/a -- n/a n/a n/a 

Juvenile Salmonid Monitoring -- -- -- -- n/a 

 
x  activity performed 
--   activity not performed this monitoring year 
n/a   activity not required at this location 
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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 

North Beach Habitat 0.10 7.26 7.36 0.30 

Middle Waterway 
Tideflat Habitat 

 --  8.84 8.84 0.55 

Puyallup River Side 
Channel 

 --  5.39 5.39 0.44 

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). 
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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 Habitat 

 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 

Annual Operations Maintenance, and Monitoring Report – Year 2 
Table 6-3 - Survey Information for Photo Points and Elevation Stakes    

Table 6-3 
Page 1 of 3 

 



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 
 
 



Table 6-4 
Summary of Preliminary Findings from  

Year 2 Habitat Mitigation Area Monitoring 
 

Site Corrective Action Tasks 

North Beach Habitat    

- minor repairs to the goose exclusion grids 

- minor weeding 

- remove portions of jute mat installation no 
longer in use 

- minor trash removal 

- tighten anchors on large woody debris 

Middle Waterway Tideflat Habitat 

- repair/replace sprinkler heads 

- minor repairs to the goose exclusion grids 

- minor weeding 

- remove portions of erosion control installation 
no longer in use 

- removal of wood debris within goose exclusion 

Puyallup River Side Channel - minor weeding  

Hylebos Creek Mitigation Site - minor weeding 

Johnny’s Dock Habitat Enhancement 

- minor repair or removal of goose exclusion  

- reset end anchor on southernmost large 
woody debris 

- minor trash removal 

Head of Thea Foss Shoreline Habitat 

- minor repair or removal of goose exclusion 

- minor weeding 

- minor trash removal 

SR 509 Esplanade Riparian Habitat 

- minor weeding 

- check sprinkler system to ensure proper 
function 

Log Step Habitat Enhancement 

- minor weeding 

- check large woody debris anchors and tighten 
anchors as needed 

- minor repair or removal of goose exclusion 
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Table 6-5 
Year 2 Elevation Monitoring Results 

Site Year S
ta

ke
 1

 

S
ta

ke
 2

 

S
ta

ke
 3

 

S
ta

ke
 4

 

S
ta

ke
 5

 

S
ta

ke
 6

 

A
ve

ra
g

e 
C

h
an

g
e 

fr
o

m
 B

as
el

in
e 

A
ve

ra
g

e 
C

h
an

g
e 

b
et

w
ee

n
 Y

ea
rs

 

1 +1.0 +0.5 0.0 0.0 +1.0 n/a +0.5 n/a 

2 +1.75 +1.75 -1.0 +0.5 +2.0 n/a +1.0 n/a 

3        n/a 

5        n/a 

7        n/a 

10        n/a 

North Beach 
Habitat 

Year 10 – Year 7       n/a  

1 -0.25 -0.5 -1.0 -1.5 +0.75 -0.25 -0.458 n/a 

2 -0.75 -0.5 -1.0 -8.5* +0.5 +0.5 -1.625* n/a 

3        n/a 

5        n/a 

7        n/a 

10        n/a 

Middle 
Waterway 
Tideflat 
Habitat 

Year 10 – Year 7       n/a  

1 +2.0 -4.0 +1.5 +4.5 +2.75 +3.25 +1.667 n/a 

2 +3.5 -4.25 0.0 +5.0 +2.5 +4.25 +1.833 n/a 

3        n/a 

5        n/a 

7        n/a 

10        n/a 

Puyallup River 
Side Channel 

Year 10 – Year 7       n/a  

1 -1.0 -1.0 +0.5 0.0 +1.25 -1.0 -0.208 n/a 

2 -1.0 -1.0 +0.25 0.0 +1.0 -1.25 -0.333 n/a 

3        n/a 

5        n/a 

7        n/a 

10        n/a 

Hylebos Creek 
Mitigation Site 

Year 10 – Year 7       n/a  

*Erosion stake located at edge of eroded shelf.  This is the higher of the two measured erosion depths 
and the calculated average is based on this larger number.  The smaller of the two measurements is -4.5 
inches and the calculated average based on this smaller number is -0.958 inches.   
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Table 6-6 
Quantitative Vegetation Analyses by Site 

Site Strata Sub-Strata Metrics 

Shrub TPC 

Ground Cover TPC 

Riparian 

Total TPC 

Saltmarsh n/a AWPC, 
PPMV, D 

North Beach Habitat 

Saltmarsh, pilot area n/a TPC 

Tree TPC 

Shrub TPC 

Ground Cover TPC 

Riparian 

Total TPC 

Middle Waterway  
Tideflat Habitat 

Brackish marsh n/a AWPC, 
PPMV, D 

Tree TPC 

Shrub TPC 

Ground Cover TPC 

Puyallup River  
Side Channel Riparian 

Total TPC 

Tree and Shrub PS, TPC 
Hylebos Creek  
Mitigation Site Forested Wetland 

Total TPC 

 
TPC – Total Percent Cover 
PS – Percent Survival 
AWPC – Area-Weighted Percent Cover 
PPMV – Percent of Potential Marsh with Some Vegetation 
D - Density 
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Table 6-7 
Quantitative Vegetation Monitoring Results 

Site Strata Sub-Strata Metric Result Performance 
Standard 

Performance 
Standard 

Met? 

Shrub TPC 13.9% n/a n/a 

Ground 
Cover 

TPC 40.5% n/a n/a 

Riparian 

Total TPC 49.7% 20% yes 

AWPC 10.78% 5% yes 

PPMV 60% 20% yes 

Saltmarsh n/a 

D 449% 75%* yes 

North Beach Habitat 

Saltmarsh, 
pilot area 

n/a TPC 0.0% n/a n/a 

Tree TPC 8.1% n/a n/a 

Shrub TPC 8.3% n/a n/a 

Ground 
Cover 

TPC 51.3% n/a n/a 

Riparian 

Total TPC 66.0% 20% yes 

AWPC 34.71% 5% yes 

PPMV 96% 20% yes 

Middle Waterway  
Tideflat Habitat 

Brackish 
marsh 

n/a 

D 10336% 75%* yes 

Tree TPC 4.4% n/a n/a 

Shrub TPC 13.8% n/a n/a 

Ground 
Cover 

TPC 8.4% n/a n/a 

Puyallup River  
Side Channel 

Riparian 

Total TPC 24.3% 20% yes 

PS ~95% n/a n/a Tree and 
Shrub 

TPC ~70% n/a n/a 

Hylebos Creek  
Mitigation Site 

Forested 
Wetland 

Total TPC 78.1% 20% yes 

 
* Relative to density at the time of planting 
TPC – Total Percent Cover 
PS – Percent Survival 
AWPC – Area-Weighted Percent Cover 
PPMV – Percent of Potential Marsh with Some Vegetation 
D - Density 
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Table 6-8 
Performance Standard Schedule by Site 

Performance Standard 
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1.0 North Beach Habitat    

Elevation    

1.1.1 Average change is less than 1 foot from Year 0. B X Yes 

1.1.3 Presence of habitat mix at the surface. B X Yes 

Riparian Vegetation    

1.2.2 Total cover native or naturalized plants is at least 20 percent.  X Yes 

1.2.6 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 

Saltmarsh Vegetation    

1.3.2 Proportion of potential marsh area with vascular marsh vegetation will be at least 20 percent; 
area-weighted average cover of native or naturalized plants is at least 5 percent. 

 X Yes 

1.3.6 In planted areas, marsh vegetation density will be at least 75% of that at the time of planting.  X Yes 

1.3.10 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 

Salmonid Presence   n/a¹ 

2. Middle Waterway Tideflat Habitat    

Elevation    

2.1.1 Average change is less than 1 foot from Year 0. B X Yes 

Riparian Vegetation    

2.2.2 Total cover of native or naturalized plants is at least 20 percent.  X Yes 

2.2.6 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 

Brackish Marsh Vegetation    

2.3.2 Proportion of potential marsh area with some vascular marsh vegetation will be at least 20 
percent; area-weighted average cover of native or naturalized plants is at least 5 percent. 

 X Yes 
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2.3.6 In planted areas, marsh vegetation density will be at least 75% of that at the time of planting.  X Yes 

2.3.10 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 

Salmonid Presence   n/a¹ 

3. Puyallup River Side Channel    

Elevation    

3.1.1 Sediment deposition is anticipated at this site; elevation will be monitored and reported annually 
to the AMT along with evaluation of its affects on biological function; there is no performance 
standard associated with it. 

B X n/a 

3.1.2 Presence of fine-grained material in interstices of riprap between elevation 13 feet MLLW and 9 
feet MLLW. 

B X Yes 

Riparian Vegetation    

3.2.2 Total cover native or naturalized plants is at least 20 percent.  X Yes 

3.2.6 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 

Brackish Marsh Vegetation    

Brackish marsh vegetation at this site is based on colonization of volunteers; there are no performance 
standards associated with it. 

  n/a 

Salmonid Presence   n/a¹ 

4. Hylebos Creek Mitigation Site    

Elevation    

4.1.1 Average change along centerline transect of channels is less than 0.2 feet from as-built elevation. B X No³ 

4.1.2 No obstruction to fish passage in channels.  X Yes 

Forested Wetland Vegetation    

4.2.2 Total cover of native or naturalized plants is at least 20 percent.  X Yes 

4.2.6 Non-native/invasive vegetation cover is not more than 10 percent.  X Yes² 
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Emergent Wetland Vegetation    

There is no quantitative performance standard associated with emergent wetland vegetation at this site.   n/a 

Salmonid Presence   n/a¹ 

Surface Water Elevation   n/a¹ 
B = Baseline F = Final  NC = Not completed at this time 

 
¹ This monitoring activity was not performed during this monitoring event. 

² All sites are subject to ongoing maintenance including invasive removal.  Where non-native/invasive vegetation cover was greater 
than 10%, this was remedied through maintenance to meet this criteria. 

³ See Section 6.2.3 for additional discussion on compliance with this performance criteria. 
 



Table 6-9 
Inter-Annual Quantitative Vegetation Results 

Site Strata Sub-Strata Metric Year 1 Year 2 Year 4 Year 7 Year 10 

Shrub TPC 11.2% 13.9%    

Ground Cover TPC 13.1% 40.5%    

Riparian 

Total TPC 20.8% 49.7%    

AWPC 5.25% 10.78%    

PPMV 32% 60%    

Saltmarsh  n/a 

D 132% 449%    

North 
Beach 
Habitat 

Saltmarsh 
pilot area 

n/a TPC 0.667% 0.0%    

Tree TPC 5.7% 8.1%    

Shrub TPC 6.9% 8.3%    

Ground Cover TPC 32% 51.3%    

Riparian 

Total TPC 35.7% 66.0%    

AWPC 15.14% 34.71%    

PPMV 80% 96%    

Middle 
Waterway 
Tideflat 
Habitat 

Brackish 
marsh 

n/a 

D 6947% 10336%    

Tree TPC 2.0% 4.4%    

Shrub TPC 6.3% 13.8%    

Ground Cover TPC 2.7% 8.4%    

Puyallup 
River Side 
Channel 

Riparian 

Total TPC 8.5% 24.3%    

PS 97% ~95%    Tree and 
Shrub 

TPC ~30% ~70%    

Hylebos 
Creek 
Mitigation 
Site 

Forested 
Wetland 

Total TPC 65.7% 78.1%    

 
TPC – Total Percent Cover 
PS – Percent Survival 
AWPC – Area-Weighted Percent Cover 
PPMV – Percent of Potential Marsh with Some Vegetation 
D - Density 
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Table 6-10 
Year 3 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 -- -- -- -- -- 

Quantitative Vegetation Monitoring -- -- -- -- n/a 

Invertebrate Monitoring n/a n/a x x n/a 

Elevation Monitoring x x x x n/a 

Water Surface Elevation Sampling n/a n/a n/a x n/a 

Brackish Marsh Salinity Monitoring n/a -- n/a n/a n/a 

Juvenile Salmonid Monitoring x x x x n/a 

 
x  activity required 
--   activity not required this monitoring year 
n/a   activity not required at this location 
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T RELATED ACTIVITIES 

rations, 
r-Osgood Waterways 

ty of Tacoma 2006) that have some affect on the project.  Therefore, 
se various activities will be provided for informational purposes in this 

section of the annual reports.   

l Protection 
 The objective of the 

plan is to ensure that contamination capped in the Thea Foss and Wheeler-Osgood Waterways 
ontamination which is 

ys (i.e., in natural 

 
ediments 

ng; and 

ediments left in 

rted in the Year 
he Year 1 Monitoring 

lowing provides a 
g Year 2: 

he Washington 
aintenance of the 11th 

rotects the 
rently closed to 

cussions about the future of the bridge.  
oordinated with 

nd Use Services 

adjacent to the Foss Project areas where remedial actions and habitat mitigation work 
have been completed, are undertaken in a manner that protects the remedy and the 
habitat.  Specifically, the following actions were undertaken: 

o An informational handout on the cleanup was developed and is given to persons 
seeking a building, shoreline, and/or wetlands permit in affected areas; 

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 

7.0 ADDITIONAL PROJEC
 
7.1 Introduction 
 
Numerous other activities were identified during the development of the Ope
Maintenance, and Monitoring Plan (OMMP) for the Thea Foss and Wheele
Remediation Project (Ci
status updates on the

 
7.2 Institutional Controls 
 
In September 2006, the City of Tacoma (City) received the U.S. Environmenta
Agency’s (EPA) approval of an Institutional Controls Plan for the project. 

and in the Confined Disposal Facility within the St. Paul Waterway, and c
otherwise left in place in the Thea Foss and Wheeler-Osgood Waterwa
recovery areas), remains contained and/or undisturbed for the purpose of: 

 Reducing the potential exposure of marine organisms to contaminated s
disposed of and confined in aquatic disposal sites or confined by cappi

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

Implementation of plan elements that occurred during 2006 and 2007 were repo
0 Baseline Annual Operations, Maintenance, and Monitoring Report, and t
Annual Operations, Maintenance, and Monitoring Report, respectively.  The fol
status update on activities related to plan implementation which occurred durin
 
 The City previously provided a copy of the Institutional Controls Plan to t

State Department of Transportation with the intent to assure that m
Street Bridge and the SR 509 Bridge is undertaken in a manner that p
remedial actions within the waterways.  The 11th Street Bridge is cur
vehicular traffic and the State and City are in dis
Any maintenance activities performed by the City on the bridge will be c
EPA to ensure that the remediated areas are not compromised. 

 Project representatives continued to work with the City’s Building and La
(BLUS) division to implement procedures to ensure that future development in and 
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d EPA on a case by case basis to 

al Oceanic and 
eceived a copy of 

ninsula between the 
onal markers off 
 filled in.  Per 

ed charts to print 

 to establish a 
g anchorage and 
essing this 
08, and comments 

pdate on the status of 
the request on February 20, 2009, and is awaiting response.  

itional signage in 
ntil the RNA is 

finalized. 

d are being 
cts to review 

he following: 

pment on the 
aff has met with the 

t Area and the need 
a.  Construction of the site began 

on March 2, 2009, and is expected to be completed by summer 2009.  The Foss project 
r term 
he habitat area. 

 has been moved 
 Dock Street Marina.  When plans for that facility are 

 the east side of 
 is currently moving 

 of a kayak float and associated ramp and landing.  
This float will attach to the pilings which were installed by the Utilities for this project 
during their remedial construction activities.  Construction of the ramp and float is 
expected to be completed in spring 2009.  

  
Foss project staff has also met with the FWDA to discuss the Head of the Thea Foss 
Shoreline Habitat Area and the need to coordinate subsequent phases of park 
development with that area.  Plans of the habitat area have been provided to them.  In 
addition, staff has advised the FWDA to continue to work with the Utilities and EPA as 
the plans for this development are finalized. 

o Project representatives work with BLUS an
review development proposals as they are submitted.   

 The City submitted a request to update navigational charts to the Nation
Atmospheric Administration (NOAA).  On February 19, 2008, the City r
an electronic screen shot of the modified chart for the area off the pe
St. Paul and Middle Waterways.  It showed the location of new navigati
of the peninsula, but did not show that the St. Paul Waterway had been
communications with NOAA representatives on February 27, 2009, their working 
drawings show the modified shoreline and they hope to send the updat
in mid-summer 2009. 

 The City submitted a request to the United States Coast Guard (USCG)
regulated navigation area (RNA) in the Thea Foss Waterway prohibitin
other activities that could disturb the cap.  The USCG is currently proc
request.  The request was published for public comment in August 20
were received until November 18, 2008.  The City requested an u

 The City is working with the USCG on the potential placement of add
the waterway, but understands that the signage cannot be placed u

 
Several development plans are currently under construction or consideration an
evaluated relative to their potential impact on the cleanup areas.  The City expe
additional design submittals as they are developed.  These proposals include t
 
 21st Street Park – The City and FWDA are implementing a park develo

west side of the head of the Thea Foss Waterway.  Foss project st
development team to discuss the SR 509 Esplanade Riparian Habita
to coordinate any impacts of development on that are

team will continue coordination during construction and during the longe
operations and maintenance period to ensure the continued integrity of t

 
The non-motorized float that had been contemplated for this area
northward to a location within the
finalized, the City will provide copies for EPA review and approval. 
 

 Waterway Park – The FWDA is also planning a park development on
the head of the Thea Foss Waterway.  The initial phase of the project
forward, and that is the installation
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 Simpson Cogeneration Facility – The City was notified that Simpson i

development of a cogeneration facility on top of the CDF.  Initial discuss
held, and the City has provided figures showing the locations of
for their consideration during design.  In addition, the Foss Proj
comments on the Shoreline Substantial Development Permit and the M
Determination on Non-Significance regarding the need to ensure that ev
development is performed in a manner that does not compromise the in
CDF and also requested an evaluation of drainage systems at the facili
the confined sediments and the potential for rele

s planning the 
ions have been 

 existing monitoring wells 
ect team provided 

itigated 
entual 
tegrity of the 
ty to ensure that 

ase of contaminants from the facility are 
pment. These comments were incorporated into the decision 

ss Project team will continue coordination with Simpson through the 

rbanized basin with 
and transportation corridors.  Ongoing sources of 

 private industrial), 
as having the 

cyclic 

20 years.  Under the 
002, and the Consent Decree with EPA 

dated May 9, 2003, the City is implementing a stormwater monitoring and source control 
good 
ways.  The 
gy.  The 

tudies and a 

 years.  
 years at most of 
rshed, aimed 

ificant reductions in 
s through mid-

 efforts likely 

 
The improvements in stormwater quality since the mid-1990s indicate that source control efforts 
in the Thea Foss Watershed have been effective in the reduction of chemical concentrations in 
stormwater.  Source control activities currently being implemented by the City include business 

pections, response to spills and illicit discharges, street cleaning and catch basin cleaning 
operations, pollutant source tracing, and stormwater control systems on new and redeveloped 
sites.  All these activities are implemented through Tacoma’s Stormwater Management 
Program, which is divided into 10 components as required in the Phase I NPDES Municipal 
Stormwater Permit Section S5. 
 

not impacted by develo
documents.  The Fo
design and construction phases of the project.     

 
7.3 Stormwater Source Control 
 
The Thea Foss and Wheeler-Osgood Waterways are located in a highly u
residential, commercial and industrial land use 
chemicals are conveyed to the waterway via stormwater (both municipal and
aerial deposition, marinas, and groundwater seeps.  The chemicals identified 
greatest potential to affect sediment quality following the cleanup action include poly
aromatic hydrocarbons (PAHs) and phthalates.   
 
The City has had a stormwater source control program in place for over 
Unilateral Administrative Order dated September 30, 2

program for the municipal storm drains entering the Thea Foss and Wheeler-Os
Waterways to help provide long-term protection of sediment quality in the water
City’s program is called the Thea Foss Post-Remediation Source Control Strate
Strategy was approved by EPA and includes the City’s existing programs, s
decision matrix to identify the need for additional source controls.   
 
Long-term outfall monitoring has been completed under this program for seven
Stormwater concentrations have remained relatively stable over the past seven
the outfalls.  The City has directed numerous source control efforts in this wate
toward control of potential sources.  Most of the COCs have undergone sign
concentrations and loads compared to past monitoring efforts in the late 1980
1990s.  The cumulative effect of federal, state and municipal source control
contributed toward the observed improvements in stormwater quality over that time period. 

ins
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rces is also 
ordinated by other 

re expected 
am which was 
on will decrease 
ay, but will also 

tormwater runoff.  
 Landing Marina, 

ements, will 
pland and in-water 

re directed at 
ay.  The effectiveness of these combined actions 

 period and 
n sediment quality 

 the actual sediment quality data.   

ents in stormwater 
mplemented by the City between 2003 and 

through 

7A basin. 

” to storm drain line; 
 conduit; 

 of former Northern 

responses. 

ed construction on SR-16 and I-5.  As construction is completed on these 
d new surfaces will be treated before it is 

pleted in 2010. 

ubsequent activities for the Sounder commuter rail 

ent throughout the Thea Foss 

r Basins 230 and 235 storm line replacement 
and Basin 237A stormwater treatment retrofit. 

 TV’ed and cleaned the storm lines in Basins 254, 230, 235, 243, and portions of 237A.   

 Located and repaired collapsed storm and sanitary lines in Basin 235. 

 GIS mapped SR 509 and railroad yard storm drain lines to better identify potential 
contaminant sources from this site. 

 Located and removed a possible source(s) of mercury in Basin 230, DEHPs in Basin 
235, PAHs in Basin 237A, and PAHs in Basin 237B 

It addition to the City’s stormwater source control efforts, control of other sou
important.  Many of these are outside the City’s jurisdiction and must be co
federal, state, and local authorities.  Reductions of air and marina pollution a
through Ecology’s Air Program and through the Marina Source Control Progr
developed specifically for the Thea Foss Waterway.  Reductions in air polluti
not only the direct loads from atmospheric fallout to the surface of the waterw
decrease the pollutant loads washed off upland surfaces and entrained in s
The marina improvements implemented by the Foss Waterway Marina, Foss
Johnny’s Dock Marina, and Delin Docks, including installation of facility improv
undoubtedly translate into reduced source loads for marinas.  Finally, u
remedial actions implemented by Ecology and the Utilities in 2003 and 2004 we
controlling tar seeps in the head of the waterw
will be verified through long-term monitoring.  During the post-construction
implementation of the OMMP, computer model predictions of post-constructio
will be updated using

 
With continued monitoring and source control actions, further improvem
quality may be realized.  Source control activities i
2008 include the following: 
 
 Continued implementation of the Surface Water Management Manual 

Ordinance 12.08 for development and redevelopment. 

 Removed the coal tar seepage from the DA1 line in the Outfall 23

 Outfall 245 cleanup efforts:  removed source(s) of the “oil-snakes
replaced the storm drain with a sealed line to remove the “oil-snakes”
remediated suspected UST; and completed Phase 1 cleanup efforts
Pacific Rail yard oil pipeline on “D” Street 

 Continued business inspections/public education/complaints and spill 

 Monitor
highways, stormwater runoff from existing an
discharged into the storm drains.  Construction is expected to be com

 Monitoring construction plans and s
southern route from Freighthouse Square/Tacoma Dome Station. 

 Removal of USTs/LUSTs as part of ongoing redevelopm
Watershed. 

 Monitoring two groundwater cleanup sites in Basin 230.  

 Identified capital improvement projects fo
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 245, 248 and 249. 

 and draft recommendations from the 

 Completed final Report for the StormFilter unit evaluation at the WSDOT Stormwater 

 Located and removed a source of repeated petroleum spills in Basins

 Completed a comprehensive problem statement
Sediments Phthalate Work Group. 

Technology Study. 
 
The following activities are currently underway under the program:  

 
Stormwater Monitoring Program – The City continues to evaluate potentia
chemicals of concern in the Thea

l source(s) of the 
 Foss Basin through monitoring of stormwater, baseflow, and 

h outfall are evaluated relative to other 
 Based on this analysis, the 

r each basin are: 

in Basin 230; 

A;  

Basin 235; 

Spills, Complaints, and Inspections

par iculate matter in seven outfalls.  Results for eac
u chemicals of concern for each basin. 

t
o tfalls to establish the 
chemicals of concern fo

 
 Mercury, phthalates and PCBs/pesticides 

 PAHs in Basin 237

 Mercury, PAHs, and phthalates in 

 Acenaphthene, mercury and phthalates in Basin 243; 

 PAHs in Basin 254; and   

 Acenaphthene and phthalates in Basin 245. 
 

 – City staff responded to 776 spills/complaints in 2008 
 This included 144 
usiness 

entered into a 
making it an 

including conducting investigations as well as providing technical assistance. 
spills/complaints in the Thea Foss Basin.  In addition, staff conducted 1,790 b
inspections in 2008.  Information from various source control field activities are 
database.  This database continues to expand and includes many data points 
effective tool for retrieving historical information and examining trends.   
 
Sediment Phthalate Work Group – In 2006, the City, EPA, Ecology, King 
Seattle Public Utilities formed a work

County/Metro, and 
 group to discuss and evaluate phthalates and their affect 

tigate 
otential response 

 Manning with the 
s and documents 

g the recommendations contained in the final work product.  See 
Section 7.4.4 for additional information. 
 
EvTec Stormwater Structural Control Study

on sediments.  Throughout 2007, the group continued to work together to inves
phthalates, including sources in the environment, source control, toxicity, and p
actions.  On October 2, 2007, the finalized work product was delivered to Jay
Ecology and all stakeholders.  The final work product included all meeting note
as well as recommendations for next steps in assessing the situation.  Ecology agreed to take 
the lead on implementin

 – The City is continuing to work on the evaluation of 
possible stormwater treatment options using a test facility located adjacent to the Ship Canal in 

attle.  Data collection was completed on the StormFilter Unit and the final report was 
submitted to the agencies on January 17, 2008.  Sampling of the AquaFilter was completed in 
December 2008.  A final report will be prepared in 2009 to evaluate the treatment performance 
of this treatment system.   

 

Se
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al Stormwater 
ram during the 

n matrix to 
 Control Report 

ity of Tacoma NPDES 
rmwater Permit 2008 Annual Report.  In addition, the August 2001-August 2008 

er Source 

evaluations were completed during 2008 for the seven major outfalls discharging 
e results 

eport.  The 

, stormwater and stormwater 

mediation 
ipal stormwater.  

 investigation, 
onstruction 

 the head of the 
f the southernmost 

ed in accordance 
cifiCorp 2003).   

The results of that monitoring and the subsequent activities are described below in Section 7.4.  
in March 2006.  

 this area is being performed in accordance with the City’s 
r 2 sediment monitoring was completed in 2008.  Based upon the Year 2 

 were limited areas where exceedences of the SQOs were identified.  
rities currently in 

r Source Control Report, the City is recommending the following source 

Priority 1 tasks: 
 
 Outfall 237A PAHs and mercury in the area draining to FD13 and FD13A.  Design and 

construct the stormwater treatment retrofit in 2009/2010. 

 Continue Outfall 245 monitoring for “oil snakes” downstream of the new stormwater line 
on South 19th Street. 

 Outfall 245 East “D” Street and East 19th Street investigation by Ecology and cleanup by 
BNSF. 

Under the Stormwater Source Control Program, the City generates an Annu
Source Control Report which summarizes the work performed under the prog
previous year as well as a discussion of the City’s implementation of the decisio
identify the need for additional source controls.  The 2008 Stormwater Source
will be submitted to Ecology on March 31, 2009, as Attachment C of the C
Municipal Sto
Thea Foss Stormwater Monitoring Report is Attachment I to the 2008 Stormwat
Control Report.   
 
Source control 
to the waterways (including Outfalls 237A, 237B, 235, 230, 243, 245, and 254) and th
of those evaluations are included in the 2008 Stormwater Source Control R
evaluations include: 
 
 Review ongoing studies, source control investigations

suspended particulate matter (SSPM) data; 

 Recommend future source control activities; and 

 Evaluate enhanced BMPs and stormwater treatment, if necessary. 
 
The need for additional source controls is driven by the need to protect post-re
sediment quality in the waterways from urban contaminants conveyed in munic
This is evaluated using a “weight of evidence” approach with several lines of
including:  long-term outfall monitoring, computer model predictions, and post-c
sediment quality monitoring.  Post-construction sediment quality monitoring in
waterway began when a group of private Utilities completed remediation o
1,000 feet of the waterway in February 2004.  This monitoring is being perform
with the Utilities’ Operations, Maintenance, and Monitoring Plan (OMMP) (Pa
 

The remediation of the remainder of the waterway was completed by the City 
Post-construction monitoring in
OMMP.  Yea
monitoring results, there
Therefore, there were few modifications to the stormwater source control prio
place.   
 
In the 2008 Stormwate
control activities for 2009 and beyond: 
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all 235 DEHP source. 

nd FD6A. 

 lead investigations. 

 

itor SuperValu structural BMP installation in Outfalls 245, 248 and 249. 

onditions in the 

eptember 2008.  

Thea Foss 
usiness inspections database.  The 

 2008, the City completed approximately 30% of the 

 database. 

WSDOT/UW Stormwater Technology Study. 

 TRC and TAPE 
ogram for Stormwater Treatment Technologies.  

nue participation in the Marina Owners, Tenants and Operators working group 
formed during 2008. 

s related to the WSDOT, Nalley Valley 
Freighthouse to South 

s source tracing in branch FD3B and FD18, 

D3A and FD16, as needed. 

cing in branch FD3A and FD18, as needed. 

PAHs and phthalates source tracing in Branch FD18, if needed. 

 Outfall 237A source tracing for mercury and PCBs in the area draining to FD2A. 

 Outfalls 245 and 248 DEHP investigation with Ecology. 

 Follow-up business inspections in Basins 245, 248 and 249 (phthalates and PAHs.) 

 Outfall 237A source tracing for PAHs in the area draining to FD10. 

 Continue Outfall 254 PAH source tracing including: 

o Focused inspections; 

 Review SSPM data to confirm removal of Outf

 Outfall 235 PAHs source tracing between FD6 a

 Continue Outfall 235 support of Ecology

 Outfall 243 mercury source tracing investigations.  

 Continue to focus monitoring and inspections of Outfall 254 businesses.

 Mon

 Review the 2008-2009 SSPM data in summer 2009 to confirm existing c
basin.   

 Implement the City’s Surface Water Management Manual, as updated S

 Inspect 2,000-2,500 businesses per year in Tacoma and 400-500 in the 
watershed and document the inspections using the b
goal is to canvass the entire City.  In
geographic area. 

 Respond to and track all complaints/spills in complaints

 Continue Foss Stormwater Monitoring Year 8. 

 Continue phthalate source investigations. 

 Complete report for the 

 Participate with APWA in working with Ecology to develop a continuing
pr

 Conti

 Monitor the major construction activitie
Viaduct/SR 16 rebuild, and construction of the Sounder Corridor, 

th . 56  
 
Priority 2 tasks: 
 
 Continue Outfall 230 mercury and phthalate

as needed based on 2008 sediment trap results. 

 Continue Outfall 230 PCBs source tracing in branch F

 Continue Outfall 230 mercury source tra

 Continue Outfall 230 
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f new and expanding businesses; and  

 Ongoing street vacuum sweeping. 
 

all 237A source tracing for phthalates and PCBs in the area draining to FD10C. 

 using upline sediment traps, as 

ations.  

d FD3B, as needed. 

 237B source tracing for PCBs in the area draining to FD35 and FD34, as 

to FD33, FD34 and FD38, 

 FD35. 

urce of acenaphthene in baseflow. 

riority 3.  
teps in the 

hedules and tasks 

o Monitoring construction o

o

Priority 3 tasks: 
 
 Outf

 Outfall 235 mercury and phthalates source tracing
needed. 

 Outfall 243 phthalate and PCBs source tracing investig

 Continue Outfall 230 phthalate source tracing in branch FD3A an

 Outfall 237A source tracing for mercury in the area draining to FD10. 

 Outfall
needed. 

 Outfall 237B source tracing for mercury in the area draining 
as needed. 

 Outfall 237B source tracing for PAHs in the area draining to FD31 and

 Outfall 245 and 243 – investigation of so
 
Priority 1 tasks will be initiated in spring 2009, followed by Priority 2 and then P
Completion of each task is dependent on what is found during the preceding s
investigations, and therefore specific schedules cannot be set.  Updates, sc
will be reported in the next Annual Source Control Report. 
 
Conclusion – The completion of the City’s sediment remediation project in 2006, coupled with 

004, provide a baseline in sediment quality 
for use in gauging the success of source control efforts for stormwater and other sources.  The 

 to pursue control of sources to stormwater.  In addition, the City continues to 

r further source 

7.4 Recontamination in the Head of the Thea Foss Waterway 

Sediment sampling and analysis was performed in the Head of the Thea Foss Waterway by the 
Utilities, in coordination with the City as part of the Head of the Thea Foss Waterway 
Remediation Project, Year 4 (2008) Operations, Maintenance, and Monitoring Plan (OMMP) 
activities.  Year 4 sediment sampling included the following: 

 Collection and analysis of sediment samples from the compliance interval (0 to 10 cm) 
from seven sampling locations (i.e., WC-10 through WC-12, S-15, S-17, S-19, and S-24) 
in the area where additional cap material was placed to address recontamination caused 
by dredge residuals; and  

the completion of the Utilities remediation project in 2

City continues
evaluate enhanced BMPs and their effectiveness on reducing COC loads to the waterway.  As 
additional sediment sampling results become available, the areas and needs fo
control measures will be identified.   
 

 
7.4.1 Introduction 
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erval from 11 
) in the southern 

 of the SR 509 
idge and south of the additional cap material placement area) where bis(2-

ethylhexyl)phthalate (DEHP) was previously detected at concentrations exceeding the 

Waterway were 
he memorandum 

collected.  A copy of the 
ndum is provided in Appendix G as Attachment G-1.  The following sections 

yses, analytical results, and the recommended 
ay based on the Year 4 supplemental 

were conducted 
ling locations as 

ere present during the 

 the surface for sample 
surface silt and 
able 7-1.  

eel bowl and 
 sediment 

nt, the sample labels were 
ers were stored on ice.  On May 7, 2008, at the completion 

tive submitted all of the samples under chain-of-custody to 
ARI) of Tukwila, Washington for analysis. 

 18 locations within the Head of 
: 

 Total Solids (USEPA Method 160.3); 

 Grain Size (PSEP); 

 Semi-Volatile Organic Compounds (SVOCs) (USEPA Method 8270); 

 Metals (i.e., lead, zinc, and mercury) (USEPA Method 6010B and 7471A); 

 DDT (USEPA Method 8081); and 

 Polychlorinated Biphenyls (PCBs) (USEPA Method 8082). 
 

 Collection and analysis of sediment samples from the compliance int
sampling locations (i.e., WC-01 through WC-09, WC-13, and WC-14
portion of the Head of the Thea Foss Waterway (i.e., below and south
br

SQO. 
 
The results of the Year 4 sediment sampling within the Head of the Thea Foss 
presented in a technical memorandum submitted to EPA on August 6, 2008.  T
included field sampling logs and photographs for each sample that was 
technical memora
summarize the field activities and laboratory anal
next steps for the Head of the Thea Foss Waterw
sampling and results.   
 
7.4.2 Field Sampling Activities and Laboratory Analyses 
 
Year 4 OMMP sampling activities within the Head of the Thea Foss Waterway 
on May 6-7, 2008.  Sediment samples were collected from a total of 18 samp
shown in Figure 7-1.  Field personnel for both the City and the Utilities w
sampling event.  The sediment samples were collected using a Van Veen grab sampler.   
 
The grab sampler was inserted into the sediment column and brought to
processing.  The sediment sample was visually classified and the thickness of 
total penetration measured.  The measured silt thicknesses are presented in T
 
The 0 to 10 cm sediment interval was placed in a decontaminated stainless st
homogenized until the sediment was uniform in color and texture.  Appropriate
sampling containers were filled with the homogenized sedime
completely filled out, and the contain
of sampling, the Utilities’ representa

 Incorporated (Analytical Resources
 
All compliance interval (0 to 10 cm) samples collected from the
the Thea Foss Waterway were submitted for the following analyses
 
 Total Organic Carbon (TOC) (PSEP); 
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 SQOs in samples 
a Foss 

olycyclic aromatic 
ns greater than the SQO at more than one 

, WC-02, and 

s collected from 
-10 through WC-

cted at 
 locations in this 

e of the seven locations.  
placement area 

 ug/kg at WC-10, to greater than the SQO at 3,500 ug/kg at 
 below the SQO at 
 detected 

cted from the 

ompliance 
e Thea Foss 

,000 ug/kg) was 
 highest DEHP 
ively, were also 
uthern portion of 
t WC-03. 

i)perlyene, 
long with total 
 collected from 

oncentrations 
at stations WC-01 and WC-07.  Fluoranthene exceeded the SQO at 

station WC-01 while benzo(g,h,i)perlyene, and indeno(1,2,3-cd)pyrene exceeded the SQO at 
rations that 
d the SQOs at 
tal), and 

tation WC-02 and one exceeded 
the SQO at station WC-05.  The detected concentrations of all other PAHs and chemicals at 
stations within the southern portion of the Head of the Thea Foss Waterway were generally at or 
below one half of the SQOs.   

Phenol was not detected at a concentration greater than the SQO in samples collected in Year 
4.  Phenol was only detected at two stations in Year 4, WC-01 and WC-13.  The detected 
concentrations of phenol were well below the SQO (i.e., 420 ug/kg), at 22 ug/kg and 75 ug/kg.  
Phenol was detected at a concentration greater than the SQO in Year 2 at WC-01, but has not 
been detected at a concentration greater than the SQO in Year 3 or Year 4. 
 

7.4.3 Analytical Results 
 
The detected concentrations of most chemicals were substantially below the
collected from the compliance interval during Year 4 within the Head of the The
Waterway (Table 7-1).  Only DEHP and individual high molecular weight p
hydrocarbons (HPAHs) were detected at concentratio
sample station.  Total HPAHs only exceeded the SQO at one sample station
mercury only exceeded the SQO at one sample station, WC-11.  
 
DEHP and mercury were the only analytes that exceeded the SQO in sample
the seven locations within the additional cap material placement area (i.e., WC
12, S-15, S-17, S-19, and S-24) (Table 7-1 and Figure 7-2).  DEHP was dete
concentrations greater than the SQO at five of the seven compliance sample
area, and mercury was present at concentrations over the SQO at on
The detected concentrations of DEHP in samples from the additional cap 
ranged from below the SQO, 540
WC-11.  The detected concentrations of mercury in this area ranged from
0.06 mg/kg at S-15 to greater than the SQO at 1.65 mg/kg at WC-11.  The
concentrations of all other chemicals were below the SQOs in samples colle
additional cap material placement area.  
 
DEHP was detected at concentrations greater than the SQO in 10 of the 11 c
samples collected from locations within the southern portion of the Head of th
Waterway (i.e., WC-01, WC-02, WC-04 through WC-09, WC-13, and WC-14) (Table 7-1 and 
Figure 7-2).  The highest DEHP concentration detected in Year 4 (i.e., 8
detected at station WC-02, consistent with previous monitoring events.  The
concentrations in Year 2 and Year 3 of 7,700 ug/kg and 4,900 ug/kg, respect
detected at station WC-02.  DEHP was detected at one location within the so
the head of the waterway below the SQO at a concentration of 1,200 ug/kg a
 
Seven individual PAHs including phenanthrene, benzo(a)pyrene, benzo(g,h,
dibenzo(a,h)anthracene, fluoranthene, indeno(1,2,3-cd)pyrene, and pyrene, a
HPAHs, were detected at concentrations greater than the SQOs in the sample
station WC-02 (Table 7-1).  Up to two individual HPAHs were also detected at c
greater than the SQOs 

station WC-07 in Year 4 .  In Year 3 individual PAHs were detected at concent
exceeded the SQOs at only one station, WC-02.  The four PAHs that exceede
WC-02 in Year 3 were phenanthrene, benzo(a)pyrene, benzofluoranthenes (to
fluoranthene.  In Year 2, two HPAHs exceeded the SQOs at s
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 2 average 
 3 average 

,930 ug/kg (Figure 
 sample stations from 

ar 4, while at 16 of the 18 sample stations the DEHP concentrations have 
 Year 2 

H concentrations in 
red to Year 2 and 
ns, respectively 

nd Year 3.  Consistent with Year 3, the detected total LPAH and 
 Foss Waterway 

reater than the SQO 

ear 4 relative to 
However, approximately 40 percent of the 

entrations.  
trations between 

m Year 3 and Year 

 increased from 
verage detected 

half the SQOs.  

eased in Year 4 
f HPAHs in Year 

ations of phthalates in Year 

ntially below one-

tituents between Year 
ile the percent increase 

ent.   
rway has 

om Year 2 and Year 3 by approximately 15 percent and 34 percent, respectively.  
The average detected DEHP concentration in Year 4 (i.e., 2,930 ug/kg) is 2.3 times the SQO.  
 
Intertidal slope cap samples were collected in Year 2 and Year 4.  The detected concentrations 
of all chemicals, except DEHP, were substantially below the SQOs in slope cap samples 

llected from the compliance interval during Year 4 (Table 7-3).  DEHP concentrations 
detected in samples SC-01 and SC-02 were below the SQO and decreased from Year 2.  
DEHP concentrations detected in samples SC-03 and SC-04 exceeded the SQO and increased 
from Year 2.  
 

DEHP concentrations are continuing to show variability at this time.  The Year
concentration throughout the head of the waterway was 2,480 ug/kg, the Year
concentration was 1,920 ug/kg, and the Year 4 average concentration was 2
7-2).  There has been a decrease in the DEHP concentration at 2 of 18
Year 3 to Ye
increased.  At 4 of these 16 locations, the Year 4 concentrations are lower than
concentrations.   
 
PAH concentrations are also continuing to show variability at this time.  LPA
Year 4 have decreased in 9 and 7 of the 18 stations respectively, when compa
Year 3.  HPAH concentrations in Year 4 have decreased in 7 and 2 of 18 statio
when compared to Year 2 a
HPAH concentrations are less than the SQOs throughout the Head of the Thea
except at station WC-02 in Year 4 where total HPAH concentrations were g
(by a factor of 1.2 times the SQO). 
 
The overall average concentrations for all parameters are generally higher for Y
Year 3 in the Head of the Thea Foss Waterway.  
detected average concentrations in Year 4 are lower than Year 2 average conc
Table 7-2 presents a comparison of the average detected chemical concen
Year 4, Year 3, and Year 2 as well as the percent change in the averages fro
2 to Year 4.   
 
In general, the average detected concentrations for LPAHs and PCBs in Year 4
Year 3, but remain lower than average concentrations from Year 2.  The a
concentrations of LPAHs and PCBs in Year 4 are substantially less than one-
 
The average detected concentrations for HPAHs and phthalates generally incr
relative to Year 3 and Year 2.  However, the average detected concentrations o
4 remain at or below one-half the SQOs.  Average detected concentr
4 are less than one-quarter the SQOs with the exception of DEHP.  The average detected 
concentration of phenol in Year 4 relative to Year 3 and Year 2 and is substa
quarter the SQO.   
 
The percent decrease in the average detected concentrations for all cons
2 and Year 4 ranges from 18 percent to approximately 1,240 percent wh
in average detected concentration for the same years ranges from 2 to 61 perc
The average detected DEHP concentration in the Head of the Thea Foss Wate
increased fr

co
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ns 

 Thea Foss 
ant in the urban 

eness, and as 
nitoring Report, a 
cuss and evaluate 

m that group was 
delivered to Jay Manning with the Department of Ecology (Ecology) and other stakeholders in 

endations 

Year 4 (2008) Head 
ork Group 

 urban 
hes.  They also 

ticulates effectively 
treatment methodologies have 

ntly remove these fine particulates.  Even 
if effective control technologies and the space to implement them existed, the Work Group 

 the rate of 

&M plans; 

alidate our comprehensive problem statement and define 

 the air-stormwater-

for the air-stormwater-sediment pathway with Puget 

agency and community “stakeholders” regarding the comprehensive problem 

 be potentially 
contaminants); 

hthalate risk initiatives; 

8. Evaluate stormwater source control and treatment options and implement where 
justified; and  

9. Consider SMS rule amendment to address phthalates and other pervasive pollutants. 
 
As described in that memorandum, the City of Tacoma plans to continue working with EPA and 
Ecology, to incorporate the recommendations from the Sediment Phthalate Work Group in its 
decision-making process for future actions throughout the waterway as well as source control 
efforts in the Thea Foss Watershed.   
 

7.4.4 Sediment Phthalate Work Group Findings and Recommendatio
 
The reaccumulation of phthalates in the surface sediments at the Head of the
Waterway was not unexpected.  Due to the ubiquitous nature of this contamin
environment, it is a common constituent in stormwater.  Because of its pervasiv
described in the Year 1 Monitoring Annual Operations, Maintenance, and Mo
multi-jurisdictional Sediment Phthalate Work Group was formed in 2006 to dis
phthalates and their affect on sediments.  The finalized work product fro

October 2007.  Ecology agreed to take the lead on implementing the recomm
contained in the final work product.   
 
A summary of the efforts and findings of the work group is provided in the 
of the Thea Foss Waterway Results memorandum (Attachment G-1).  The W
determined that because of the ubiquitousness of DEHP in modern society and
atmospheres, it is not amenable to standard stormwater treatment approac
concluded that it is very difficult to treat stormwater to remove fine par
because stormwater quality and flow are highly variable.  No 
been identified to date which would be able to significa

concluded that phthalates would still reaccumulate in sediments (although
accumulation would likely be slower).   
 
The published recommendations of the Work Group are as follows: 
 

1. Manage phthalate reaccumulation at cleanup sites using site-specific O

2. Studies/research to further v
other pollutants transported via an air-stormwater-sediment pathway; 

3. Coordinate with Puget Sound Partnership and air agencies regarding
sediment pathway and related contaminants; 

4. Jointly evaluated effective solutions 
Sound Partnership and air agencies; 

5. Educate 
statement; 

6. Develop recommendations regarding plasticized PVC (which could also
extended to other products that are sources of air-sediment pathway 

7. Coordinate with other p
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Waterway through 
ve, the City 

ntification of a 
ms programs and 
tified above.  

iments in the Thea 
mwater program 

ly, the results of both sediment and stormwater monitoring will be evaluated 
mentation of recommendations of the Sediment 

al activities can be performed to address 

onitoring performed in the Head of the Thea Foss Waterway are 

cap 

P was detected at concentrations exceeding the SQO at 15 of 18 stations within the 
23 to 6.15 times 

e SQO;  

ea Foss Waterway 
tween Year 3 and Year 4, and 15 percent between Year 2 and 

) is 2.3 times the 

eded the SQOs at  

 The detected concentration of one PAH at sample location WC-01 and two PAHs at 

 relative to Year 3, 
; and 

ing PAHs and 
phenol, at locations within the Head of the Thea Foss Waterway were generally at or 
below one half of the SQOs. 

 
a Foss Waterway monitoring results indicate 

continuing variability in DEHP concentrations.  DEHP concentrations have fluctuated (i.e., 
increased and/or decreased) depending on the specific location and monitoring event.  The 
DEHP Year 4 average detected concentration was 2,930 ug/kg, Year 3 average detected 
concentration was 1,920 ug/kg, and the Year 2 average detected concentration was 2,480 
ug/kg.  The fluctuation in the DEHP concentrations may indicate that the concentrations are 

7.4.5 City Programs and Activities   
 
The City continues to address phthalate reaccumulation in the Thea Foss 
various programs and activities, as described in Section 7.3.  As described abo
actively participated in the Sediment Phthalate Work Group to promote ide
resolution to phthalate reaccumulation.  The City also participates in or perfor
activities that are in line with the recommendations from the Work Group iden
 
The City will continue to monitor and evaluate sources of phthalates to sed
Foss Waterway as part of site specific OMMP monitoring activities and stor
activities.  Additional
in coordination with actions related to imple
Phthalate Work Group to identify whether addition
phthalate reaccumulation. 
 
7.4.6 Conclusions and Recommended Next Steps 
 
The results from Year 4 m
summarized as follows: 
 
 DEHP and mercury are the only analytes to exceed the SQO within the additional 

material placement area; 

 DEH
Head of the Thea Foss Waterway at enrichment ratios ranging from 1.
th

 The average detected DEHP concentration within the Head of the Th
increased 34 percent be
Year 4; 

 The average detected DEHP concentration in Year 4 (i.e., 2,930 ug/kg
SQO; 

 The detected concentration of seven PAHs and Total HPAH, exce
one sample location, WC-02; 

sample location WC-07 exceeded the SQOs; 

 Generally, PAH and DEHP concentrations have increased in Year 4
but are less than or only slightly higher than Year 2 concentrations

 The detected concentrations of all other chemicals, including remain

The Year 2, Year 3, and Year 4 Head of the The
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7.5 Deauthorization of Navigation Channel in Encroachment Areas 

In accordance with a Memorandum of Agreement between the Army Corps of Engineers 
(Corps) 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 channel 
width.  The City submitted a request for deauthorization to the Corps on September 25, 2007.  A 
response from the Corps was received on July 9, 2008.  The response indicated that, while 
navigation projects can generally be modified both formally and informally, the informal process 

conti
trends. 
 
Based on the pre-design study and analysis, the reaccumulation of phthala
occur until a stabilization level is reached.  The pre-construction model w
with new source loads based on whole-water monitoring data collected betwe
2006, and the revised model indicated that the DEHP concentration would s
equilibrium concentration approximately four times the SQO.  The curren
data from Year 4 for the Head of the Waterway are consistent with the updat
has been validated with post-construction stormwater data.  Additionally, the W
determined that for expected phthalate re-accumulation, focused monitoring 
conducted to determine the extent of accumulation at levels of concern; whet
reach stable phthalate levels; and appropriate site-specific management approaches 

including within the Utilities’ work area at the Head of the Thea Foss Waterw
proposed taking responsibility for both future negotiations and actions related
accumulation.  
 
Based on the monitoring results, modeling performed as part of the rem
and the findings and recommendations of the Sediment Phthalate Work
proposed additional monitoring in Year 5 (2009) within the Head of the The
The existing monitoring schedule specified in the OMMP for the Head of the T
Waterway Remediation Project requires that OMMP compliance monitoring b
Years 2, 4, 7 and 10 after completion of the remedial action.  The additional monitoring 

concentration trends in the Head of the Thea Foss Waterway including th
material placement area and the southern portion of the Head of the Thea F
Under this proposal, the City would take the lead in this additional proposed s
work would be performed in coordination with the Utilities and supplement the Utilitie

 
The proposed Year 5 monitoring would focus on and test for phthalates and PA
analytes that are at concentrations above the SQOs.  The Year 5 monitoring w
performed at all 18 head of Thea Foss Waterway monitoring
stations located in the area of additional cap material place

 
In addition, the City is prepared to take the lead on additional phthalate and PA
the 4 stations located in the area of additional cap material placement in Utilities
(2011) and Year 10 (2014) monitoring events.  Monitoring of these stations
10 is not required in the existing Utilities’ OMMP.  
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od debris.  

available.  Per communications with Dave McEntee from Simpson on January 27, 2009, they 
ood debris in 2008 and the next scheduled monitoring will be 

 
, materials being 

ings and debris.  
n facility 

proval, a lined 
coma Metals Property.  A June 

9, 2005, letter from Ecology to the property owners’ representative outlined the work plan for the 
ng 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.  As indicated in previous reports, it is the City’s 
nd removed for 

re continuing to 
work with Ecology on the completion of the overall cleanup plan for the site.   

 
TABLES 

ead of the Thea Foss Waterway Year 4 (2008) Surface Sample (0-10 cm) Results 

Year 2 (2006), Year 3 (2007), and Year 4 (2008) Surface 

7-3 – Head of the Thea Foss Waterway Year 2 (2006) and Year 4 (2008) Slope Cap Sample 
Results (0-10cm)  

 
FIGURES 
 
7-1 – Year 4 (2008) OMMP Sample Locations 

7-2 – Year 4 (2008) OMMP Bis(2-ethylhexyl)phthalate (DEHP) Concentrations (0 - 10cm) 

would be best for this request at this time.  This involves coordination with the c
delegation to request language be included in the Water Resources Developme
Corps did indicate that they could assist with legislative drafting services for th
a member of Congress.  As part of this, the Corps asked that the City provide 
coordinates on each corner of each requested deauthorization area. The 
of this mapping information for Corps review on October 30, 2008, and is awaiting re
to its adequacy prior to proceeding with coordination with co
 
7.6 Simpson Log Haul Out Operations, Maintenance, and Monitoring
 
Since relocation of the Log Haul Out Facility to the Middle Waterway was com
Simpson has been required to monitor this area periodically for presence of wo
Copies of their annual monitoring surveys are included in the Foss annual reports when 

were not required to monitor for w
performed in spring 2009.  A copy of that report will be included in Appendix G of the Year 3 
Monitoring Annual Operations, Maintenance, and Monitoring Report. 
 
7.7 Tacoma Metals Waste Management 

During construction of the Puyallup River Side Channel habitat mitigation site
removed from the southern portion of the site were found to contain battery cas
The debris was suspected as having come from a non-ferrous metal reclamatio
previously operated by Tacoma Metals on the adjacent property.   
 
Through an agreement with Tacoma Metals’ successors, and with agency ap
Temporary Containment Unit (TCU) was constructed on the Ta

handli

understanding that the material stored in the TCU was treated at the site a
disposal in summer 2007.  As of the date of this report, the property owners a
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Station
Sample ID

Sample Date
Sample Depth

Parameter
Conventionals Units SQO
Total Organic Carbon mg/kg NA 68,400 83,000 29,600 35,300 41,600 52,800 50,200 39,200 34,800 47,100 34,500
Total Solids % NA 46.7 34.2 65.1 53.6 43 55.9 52.7 54.8 51 58.6 50.6
Metals
Lead mg/kg 450 89 112 28 48 86 50 82 71 71 32 74
Zinc mg/kg 410 324 348 96 152 255 145 222 176 202 106 209
Mercury mg/kg 0.59 0.16 0.5 0.08 0.13 0.21 0.12 0.13 0.21 0.2 0.08 0.18
SVOCs
2-Methylnaphthalene µg/kg 670 99 U 200 U 58 U 59 U 64 100 U 67 76 60 U 22 59 U
Acenaphthene µg/kg 500 99 U 200 U 58 U 59 U 69 100 U 120 86 60 U 24 59 U
Acenaphthylene µg/kg 1,300 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Anthracene µg/kg 960 190 310 58 U 120 200 130 300 170 130 78 110
Fluorene µg/kg 540 66 J 200 U 58 U 59 U 60 U 100 U 100 59 U 60 U 26 59 U
Naphthalene µg/kg 2,100 52 J 200 U 58 U 80 160 100 U 130 200 120 53 100
Phenanthrene µg/kg 1,500 1,100 1,800 230 540 810 560 1,300 570 530 320 460
Total LPAH µg/kg 5,200 1,408 2,110 230 740 1,303 690 2,017 1,102 780 523 670
Benzo(a)anthracene µg/kg 1,600 940 1,600 220 510 750 560 980 480 460 230 430
Benzo(a)pyrene µg/kg 1,600 1,000 2,000 290 640 1,000 700 1,200 700 660 410 560
Benzofluoranthenes (total) µg/kg 3,600 2,400 3,600 650 1,620 2,700 1,600 2,500 2,040 1,890 1210 1,620
Benzo(g,h,i)perylene µg/kg 720 480 860 160 260 350 420 840 180 190 160 190
Chrysene µg/kg 2,800 1,400 2,700 370 790 1,300 900 1,400 730 800 570 720
Dibenzo(a,h)anthracene µg/kg 230 210 370 61 61 68 160 230 59 U 60 U 32 59 U
Fluoranthene µg/kg 2,500 2,700 4,800 580 1,400 2,400 1,600 2,500 1,300 1,400 990 1,300
Indeno(1,2,3-cd)pyrene µg/kg 690 490 860 150 250 350 400 720 170 190 150 180
Pyrene µg/kg 3,300 2,000 3,700 610 1,100 2,000 1,400 2,400 1,300 1,100 820 1,000
Total HPAH µg/kg 17,000 11,620 20,490 3,091 6,631 10,918 7,740 12,770 6,900 6,690 4,572 6,000
Dimethyl phthalate µg/kg 160 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Diethylphthalate µg/kg 200 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Di-n-butyl phthalate µg/kg 1,400 100 200 58 U 59 U 60 U 100 U 74 59 U 60 U 23 59 U
Butyl benzyl phthalate µg/kg 900 380 360 76 120 180 170 200 150 150 95 130
bis(2-ethylhexyl)phthalate µg/kg 1,300 6,400 8,000 1,200 2,400 5,400 3,200 4,700 2,500 3,100 2,100 3,500
Di-n-octyl phthalate µg/kg 6,200 210 440 58 U 120 220 100 U 110 84 110 96 190
Phenol µg/kg 420 75 J 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 22 59 U
2-Methylphenol µg/kg 63 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
3- & 4-Methylphenol µg/kg 670 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
2,4-Dimethylphenol µg/kg 29 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Pentachlorophenol µg/kg 360 500 U 990 U 290 U 300 U 300 U 500 U 300 U 300 U 300 U 100 U 300 U
Benzyl alcohol µg/kg 73 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Benzoic acid µg/kg 650 990 U 2,000 U 580 U 590 U 600 U 1,000 U 600 U 590 U 600 U 200 U 590 U
1,2-Dichlorobenzene µg/kg 50 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
1,3-Dichlorobenzene µg/kg 170 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
1,4-Dichlorobenzene µg/kg 110 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
1,2,4-Trichlorobenzene µg/kg 51 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Hexachlorobenzene µg/kg 22 2.4 5.6 1.8 2.6 3.6 2.6 60 U 2.2 3.6 4 3.4
Dibenzofuran µg/kg 540 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Hexachlorobutadiene µg/kg 11 0.98 U 0.98 U 0.96 U 1.9 U 2 U 0.97 U 60 U 0.98 U 2 U 1 U 1.9 U
N-Nitrosodiphenylamine µg/kg 28 99 U 200 U 58 U 59 U 60 U 100 U 60 U 59 U 60 U 20 U 59 U
Pesticides NA
4,4'-DDE µg/kg 9 NA NA NA NA NA NA NA NA NA NA NA
4,4'-DDD µg/kg 16 NA NA NA NA NA NA NA NA NA NA NA
4,4'-DDT µg/kg 34 2 U 2 1.9 U 3.8 U 3.9 U 2 U 2 U 2 U 4 U 2 U 3.9 U
PCBs
Aroclor 1016 µg/kg NA 10 U 20 9.6 U 9.8 U 10 U 9.9 U 9.8 U 9.8 U 9.9 U 10 U 9.9 U
Aroclor 1242 µg/kg NA 10 U 20 9.6 U 9.8 U 10 U 9.9 U 9.8 U 9.8 U 9.9 U 10 U 9.9 U
Aroclor 1248 µg/kg NA 27 18 U 8.2 JP 15 20 12 JP 20 20 17 6.4 J 19
Aroclor 1254 µg/kg NA 48 52 18 33 44 33 48 46 43 16 48
Aroclor 1260 µg/kg NA 45 68 25 39 42 34 44 52 56 21 57
Aroclor 1221 µg/kg NA 10 U 20 9.6 U 9.8 U 10 U 9.9 U 9.8 U 9.8 U 9.9 U 10 U 9.9 U
Aroclor 1232 µg/kg NA 10 U 20 U 9.6 U 9.8 U 10 U 9.9 U 9.8 U 9.8 U 9.9 U 10 U 9.9 U
PCBs (total) µg/kg 300 120 180 51.2 87 106 79 112 118 116 43.4 124

Notes:
   Concentrations highlighted in red exceed the SQO.

       NA   Not Available
       1    Sample duplicate WC-10-080506-G-B is a duplicate of sample WC-10-080506-G.

   U    Undetected
   J    The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quanity.

Head of the Thea Foss Waterway Year 4 (2008) Surface Sample (0-10cm) Results

Table 7-1

5/6/2008 5/6/20085/7/2008 5/6/2008

7 6 8 87 8Silt Thickness (cm) 2 8 13
0-10 cm 0-10 cm 0-10 cm 0-10 cm 0-10 cm0-10 cm 0-10 cm 0-10 cm 0-10 cm

5/6/2008 5/6/2008 5/6/20085/6/2008 5/6/2008
WC-01-080507-G WC-02-080506-G WC-03-080506-G WC-04-080506-G WC-09-080506-GWC-05-080506-G WC-06-080506-G WC-07-080506-G WC-08-080506-G

WC-13 WC-14
WC-13-080506-G

Area
WC-05 WC-06WC-03 WC-04 WC-09WC-07 WC-08

3 13

Southern Portion of the Head of the Thea Foss Waterway

WC-14-080506-G
5/6/2008 5/6/2008
0-10 cm 0-10 cm

WC-01 WC-02
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Station
Sample ID

Sample Date
Sample Depth

Parameter
Conventionals Units SQO
Total Organic Carbon mg/kg NA
Total Solids % NA
Metals
Lead mg/kg 450
Zinc mg/kg 410
Mercury mg/kg 0.59
SVOCs
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
Pesticides
4,4'-DDE µg/kg 9
4,4'-DDD µg/kg 16
4,4'-DDT µg/kg 34
PCBs
Aroclor 1016 µg/kg NA
Aroclor 1242 µg/kg NA
Aroclor 1248 µg/kg NA
Aroclor 1254 µg/kg NA
Aroclor 1260 µg/kg NA
Aroclor 1221 µg/kg NA
Aroclor 1232 µg/kg NA
PCBs (total) µg/kg 300

Silt Thickness (cm)

Area

14,700 9,920 53,600 33,700 47,300 48,200 43,700 43,300
86.3 82.2 54.1 67.1 72.2 65.6 65.9 69

11 9 60 36 23 42 31 40
51 51 165 100 77 122 83 115

0.05 U 0.05 U 1.65 0.11 0.06 0.08 0.12 0.1

20 U 20 U 60 U 59 U 59 U 59 U 40 60 U
20 U 20 U 60 U 84 U 59 U 59 U 60 60 U
20 U 20 U 60 U 59 U 59 U 59 U 31 60 U
28 21 120 160 59 U 93 110 76
20 U 20 U 60 U 64 U 59 U 59 U 36 60 U
20 U 20 U 84 U 110 59 U 59 94 60 U

110 93 400 U 470 180 360 310 330
138 114 120 740 180 512 681 406
98 89 410 390 190 350 230 320

130 120 540 510 240 470 350 410
300 280 1,200 1,020 580 1,060 640 930
130 120 540 420 260 U 480 290 400
170 150 670 550 320 590 370 530
43 40 160 U 140 U 80 150 89 130

280 250 1,000 850 490 930 550 880
110 98 430 350 210 390 240 330
250 230 1,000 970 470 900 650 800

1,511 1,377 5,790 5,060 2,580 5,320 3,409 4,730
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 59 U 59 U 59 U 20 U 60 U
27 32 140 93 63 100 56 69

540 490 3,500 1,600 1,600 2,400 1,200 1,800
20 U 20 U 130 59 U 67 68 30 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 20 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
98 U 98 U 300 300 U 300 U 300 U 98 U 300 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U

200 U 200 U 600 590 U 590 U 290 U 200 U 600 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U

0.95 U 20 U 3.7 0.84 1 U 1 J 0.75 J 1 J
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U

0.95 U 20 U 0.98 0.96 0.97 U 0.97 U 0.97 U 0.97 U
20 U 20 U 60 U 59 U 59 U 59 U 20 U 60 U

NA NA NA NA NA NA NA NA
NA NA NA NA NA NA NA NA
1.9 U 1.9 U 2 U 1.9 U 1.9 J 2 U 1.9 U 1.9 U

9.7 U 9.6 U 9.8 U 9.7 U 9.8 U 9.8 U 9.7 U 9.8 U
9.7 U 9.6 U 9.8 U 9.7 U 9.8 U 9.8 U 9.7 U 9.8 U
9.7 U 9.6 U 10 7.2 J 9.8 U 6.6 J 6.8 J 9.8 U
6.3 J 5 J 26 18 8.2 J 15 14 12
5.9 J 5.6 J 32 15 9.9 15 14 13
9.7 U 9.6 U 9.8 U 9.7 U 9.8 U 9.8 U 9.7 U 9.8 U
9.7 U 9.6 U 9.8 U 9.7 U 9.8 U 9.8 U 9.7 U 9.8 U

12.2 10.6 68 40.2 18.1 36.6 34.8 25
Notes:

   Concentrations highlighted in red exceed the SQO.

       NA   Not Available
       1    Sample duplicate WC-10-080506-G-B is a duplicate of sample WC-10-080506-G.

   U    Undetected
   J    The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quanity.

WC-10-080506-G-B1

5/6/2008
0-10 cm

1 41 7 24 34
0-10 cm 0-10 cm0-10 cm 0-10 cm0-10 cm 0-10 cm

5/6/20085/6/2008 5/6/20085/6/2008
0-10 cm

S-19-080506-G S-24-080506-GS-15-080506-G S-17-080506-GWC-11-080506-G WC-12-080506-G
5/6/2008 5/6/20085/6/2008

S-24S-17 S-19S-15
WC-10-080506-G

WC-11 WC-12WC-10
Addiitonal Cap Material Placement Area

WC-10
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Table 7-2
Detected Analyte Averages for Year 2 (2006), Year 3 (2007), and Year 4 (2008) Surface Sample (0-10cm) Results

Head of the Thea Foss Waterway

Parameter Units SQO
2006 

Average
2007 

Average
2008 

Average

Change in 2008 
Average to 
2006 (%)

Change in 2008 
Average to 
2007 (%)

Enrichment Ratio 
for 2006 Average

Enrichment Ratio 
for 2007 Average

Enrichment Ratio 
for 2008 Average

Metals
Lead mg/kg 450 39 14 52 25 73 0.09 0.03 0.12
Zinc mg/kg 410 104 44 158 34 72 0.25 0.11 0.38
Mercury mg/kg 0.59 0.16 0.05 0.24 33 79 0.28 0.08 0.41
SVOCs
2-Methylnaphthalene µg/kg 670 100 47 54 (85) 13 0.15 0.07 0.08
Acenaphthene µg/kg 500 125 59 72 (74) 18 0.25 0.12 0.14
Acenaphthylene µg/kg 1300 62 32 31 (100) (4) 0.05 0.02 0.02
Anthracene µg/kg 960 172 107 138 (25) 23 0.18 0.11 0.14
Fluorene µg/kg 540 115 48 57 (101) 15 0.21 0.09 0.11
Naphthalene µg/kg 2,100 152 77 105 (44) 27 0.07 0.04 0.05
Phenanthrene µg/kg 1,500 532 466 560 5 17 0.35 0.31 0.37
Total LPAH µg/kg 5,200 923 754 761 (21) 1 0.18 0.15 0.15
Benzo(a)anthracene µg/kg 1,600 422 399 486 13 18 0.26 0.25 0.30
Benzo(a)pyrene µg/kg 1,600 494 479 628 21 24 0.31 0.30 0.39
Benzofluoranthenes (total) µg/kg 3,600 1,151 1,314 1,465 21 10 0.32 0.36 0.41
Benzo(g,h,i)perylene µg/kg 720 204 217 359 43 40 0.28 0.30 0.50
Chrysene µg/kg 2,800 656 576 791 17 27 0.23 0.21 0.28
Dibenzo(a,h)anthracene µg/kg 230 48 57 123 61 54 0.21 0.25 0.54
Fluoranthene µg/kg 2,500 1,200 1,080 1,380 13 22 0.48 0.43 0.55
Indeno(1,2,3-cd)pyrene µg/kg 690 171 213 319 46 33 0.25 0.31 0.46
Pyrene µg/kg 3,300 1,041 893 1195 13 25 0.32 0.27 0.36
Total HPAH µg/kg 17,000 5,300 5,200 6,700 21 22 0.31 0.31 0.39
Dimethyl phthalate µg/kg 160 ND 16 ND ND ND NA NA NA
Diethylphthalate µg/kg 200 ND ND ND ND ND NA NA NA
Di-n-butyl phthalate µg/kg 1,400 152 42 91 (67) 54 0.11 0.03 0.07
Butyl benzyl phthalate µg/kg 900 134 122 136 2 11 0.15 0.14 0.15
bis(2-ethylhexyl)phthalate µg/kg 1,300 2,480 1,920 2,930 15 34 1.91 1.48 2.25
Di-n-octyl phthalate µg/kg 6,200 116 68 144 20 53 0.02 0.01 0.02
Phenol µg/kg 420 650 39 49 (1,240) 19 1.55 0.09 0.12
2-Methylphenol µg/kg 63 ND ND ND ND ND NA NA NA
3- & 4-Methylphenol µg/kg 670 650 14 ND ND ND 0.97 0.02 NA
2,4-Dimethylphenol µg/kg 29 ND ND ND ND ND NA NA NA
Pentachlorophenol µg/kg 360 ND ND 300 ND ND NA NA 0.83
Benzyl alcohol µg/kg 73 ND ND ND ND ND NA NA NA
Benzoic acid µg/kg 650 ND ND 600 ND ND NA NA 0.92
1,2-Dichlorobenzene µg/kg 50 ND ND ND ND ND NA NA NA
1,3-Dichlorobenzene µg/kg 170 ND ND ND ND ND NA NA NA
1,4-Dichlorobenzene µg/kg 110 ND ND ND ND ND NA NA NA
1,2,4-Trichlorobenzene µg/kg 51 ND ND ND ND ND NA NA NA
Hexachlorobenzene µg/kg 22 4 ND 3 ND ND 0.16 NA 0.12
Dibenzofuran µg/kg 540 64 26 ND ND ND 0.12 0.05 NA
Hexachlorobutadiene µg/kg 11 ND ND 1 ND ND NA NA 0.09
N-Nitrosodiphenylamine µg/kg 28 ND ND ND ND ND NA NA NA
Pesticides
4,4'-DDE µg/kg 9 ND ND ND ND ND NA NA NA
4,4'-DDD µg/kg 16 ND ND ND ND ND NA NA NA
4,4'-DDT µg/kg 34 ND ND 2 ND ND NA NA 0.06
PCBs
Aroclor 1016 µg/kg NA ND ND ND ND ND NA NA NA
Aroclor 1242 µg/kg NA ND ND ND ND ND NA NA NA
Aroclor 1248 µg/kg NA 27 ND 14 ND ND NA NA NA
Aroclor 1254 µg/kg NA 38 ND 28 ND ND NA NA NA
Aroclor 1260 µg/kg NA 37 18 31 (18) 42 NA NA NA
Aroclor 1221 µg/kg NA ND ND ND ND ND NA NA NA
Aroclor 1232 µg/kg NA ND ND ND ND ND NA NA NA
PCBs (total) µg/kg 300 90 18 71 (27) 74 0.30 0.06 0.24
Notes:

Concentrations highlighted in red exceed the SQO.
    NA   Not applicable
    ND   Not detected

Annual Operations, Maintenance, and Monitoring Report - Year 2
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Table 7-3
Head of Thea Foss Waterway

Year 2 (2006) and Year 4 (2008) Slope Cap Sample Results (0-10cm)

West Side of Waterway East Side of Waterway
Station

Sample ID
Sample Date

Sample Depth
Parameter

Conventionals Units SQO
Total Organic Carbon mg/kg NA 4,600 2,150 27,500 60,300 55,200 65,700 53,300 41,300
Total Solids % NA 94.3 91.2 81 64.6 60 56.7 72.1 69.3
Metals
Lead mg/kg 450 5 4 36 58 58 64 44 53
Zinc mg/kg 410 36.6 37 87.3 175 169 200 119 147
Mercury mg/kg 0.59 0.04 U 0.05 U 0.05 U 0.1 0.1 0.1 0.08 0.11
SVOCs
2-Methylnaphthalene µg/kg 670 20 U 10 J 21 U 14 J 88 U 100 U 79 U 98 U
Acenaphthene µg/kg 500 20 U 19 U 17 J 20 U 88 U 100 U 53 J 98 U
Acenaphthylene µg/kg 1,300 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Anthracene µg/kg 960 20 U 25 77 47 150 140 100 82 J
Fluorene µg/kg 540 20 U 19 U 22 14 J 88 U 52 J 79 U 98 U
Naphthalene µg/kg 2,100 20 U 19 U 20 J 11 J 88 U 100 U 65 J 98 U
Phenanthrene µg/kg 1,500 30 39 250 78 700 830 380 420
Total LPAH µg/kg 5,200 30 64 390 J 164 850 1,022 600 J 502
Benzo(a)anthracene µg/kg 1,600 26 50 150 100 570 800 290 390
Benzo(a)pyrene µg/kg 1,600 28 51 180 J 92 670 920 340 500
Benzofluoranthenes (total) µg/kg 3,600 62 148 400 J 280 1,600 2,300 740 1,280
Benzo(g,h,i)perylene µg/kg 720 24 21 120 J 32 340 430 220 260
Chrysene µg/kg 2,800 38 91 260 250 940 1,200 450 680
Dibenzo(a,h)anthracene µg/kg 230 20 U 19 U 36 J 18 J 88 U 190 79 U 100
Fluoranthene µg/kg 2,500 63 130 580 330 1,800 2,300 750 1,200
Indeno(1,2,3-cd)pyrene µg/kg 690 24 21 130 J 36 260 450 170 260
Pyrene µg/kg 3,300 59 120 270 290 1,100 1,800 610 960
Total HPAH µg/kg 17,000 320 632 2,100 J 1,428 7,300 10,390 3,600 6,132
Dimethyl phthalate µg/kg 160 20 U 19 U 21 U 19 J 88 U 100 U 79 U 98 U
Diethylphthalate µg/kg 200 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Di-n-butyl phthalate µg/kg 1,400 20 U 19 U 38 20 U 110 100 U 50 J 98 U
Butyl benzyl phthalate µg/kg 900 20 U 19 U 62 20 U 190 150 130 130
bis(2-ethylhexyl)phthalate µg/kg 1,300 85 76 1,000 140 3,400 14,000 1,500 2,400
Di-n-octyl phthalate µg/kg 6,200 20 U 19 U 57 20 U 140 140 62 J 100

Y2-SC03-S
5/16/2006

Y2-SC02-S
5/16/2006

SC-01 SC-02 SC-03 SC-04

NA
0-10 cm

NA 1-11

Y4-SC04-S
5/7/2008
0-10 cm0-10 cm 0-10 cm

Y2-SC04-S
5/16/20065/7/2008 5/7/2008

0-10 cm 0-10 cm0-10 cm
<1-5NA NA

Area

Y4-SC03-S
5/7/2008

Y4-SC01-S Y4-SC02-SY2-SC01-S
5/16/2006

Silt Thickness (cm) 1 2-4
0-10 cm
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West Side of Waterway East Side of Waterway
Station

Sample ID
Sample Date

Sample Depth
Parameter

Conventionals Units SQO

Y2-SC03-S
5/16/2006

Y2-SC02-S
5/16/2006

SC-01 SC-02 SC-03 SC-04

NA
0-10 cm

NA 1-11

Y4-SC04-S
5/7/2008
0-10 cm0-10 cm 0-10 cm

Y2-SC04-S
5/16/20065/7/2008 5/7/2008

0-10 cm 0-10 cm0-10 cm
<1-5NA NA

Area

Y4-SC03-S
5/7/2008

Y4-SC01-S Y4-SC02-SY2-SC01-S
5/16/2006

Silt Thickness (cm) 1 2-4
0-10 cm

Phenol µg/kg 420 20 U 26 21 U 16 J 88 U 100 U 79 U 98 U
2-Methylphenol µg/kg 63 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
3- & 4-Methylphenol µg/kg 670 20 U 19 U 21 U 20 U 88 U 100 U 40 J 98 U
2,4-Dimethylphenol µg/kg 29 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Pentachlorophenol µg/kg 360 98 U 97 U 73 J 85 J 440 U 500 U 400 U 490 U
Benzyl alcohol µg/kg 73 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Benzoic acid µg/kg 650 200 U 190 U 480 200 U 880 U 1,000 U 790 U 980 U
1,2-Dichlorobenzene µg/kg 50 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
1,3-Dichlorobenzene µg/kg 170 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
1,4-Dichlorobenzene µg/kg 110 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
1,2,4-Trichlorobenzene µg/kg 51 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Hexachlorobenzene µg/kg 22 1 U 0.95 U 1 U 20 U 3.5 U 2.5 3.5 U 1.4
Dibenzofuran µg/kg 540 20 U 19 U 21 U 13 J 88 U 100 U 79 U 98 U
Hexachlorobutadiene µg/kg 11 1 U 0.95 U 1 U 20 U 3.5 U 0.99 U 3.5 U 0.97 U
N-Nitrosodiphenylamine µg/kg 28 20 U 19 U 21 U 20 U 88 U 100 U 79 U 98 U
Pesticides
4,4'-DDE µg/kg 9 2 U NA 2 U NA 7 U NA 7 U NA
4,4'-DDD µg/kg 16 2 U NA 2 U NA 7 U NA 7 U NA
4,4'-DDT µg/kg 34 2 U 1.9 U 2 U 2 U 7 U 2 U 7 U 1.9 U
PCBs
Aroclor 1016 µg/kg NA 9.7 U 9.7 U 9.9 U 9.9 U 9.9 U 10 U 9.8 U 9.8 U
Aroclor 1242 µg/kg NA 9.7 U 9.7 U 9.9 U 9.9 U 9.9 U 10 U 9.8 U 9.8 U
Aroclor 1248 µg/kg NA 9.7 U 9.7 U 9.9 U 13 20 U 15 20 U 9.6 J
Aroclor 1254 µg/kg NA 9.7 U 9.7 U 28 25 36 31 44 18
Aroclor 1260 µg/kg NA 9.7 U 9.7 U 32 JC 26 35 JC 20 31 JC 18
Aroclor 1221 µg/kg NA 9.7 U 9.7 U 9.9 U 9.9 U 9.9 U 10 U 9.8 U 9.8 U
Aroclor 1232 µg/kg NA 9.7 U 9.7 U 9.9 U 9.9 U 20 U 10 U 20 U 9.8 U
PCBs (total) µg/kg 300 9.7 U 9.7 U 60 J 64 71 JC 66 75 45.6

Notes:
   Concentrations highlighted in red exceed the SQO.

       NA   Not Available
   U    Undetected
   J    The analyte was analyzed for and positively identified, but the associated numerical value is an estimated quanity.
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Figure 7-1
Year 4 (2008) OMMP Sample Locations
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Figure 7-2
Year 4 (2008) Bis(2-ethylhexyl)phthalate (DEHP)

Concentrations (0 - 10cm)

Notes:
1.  Slope cap sample locations were not used in the generation of contours.
     The value shown for each slope cap sample is the DEHP concentration
     of the composite sample comprised of the discrete sample locations for
     that slope cap area.
2.  Contours were generated with ArcGIS 9.2 Geostatistical Analyst Extension
     using the Ordinary Kriging Method.
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