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ABBREVIATIONS AND ACRONYMS

AC activated carbon 

AIRFA American Indian Religious Freedom Act  

AOC Administrative Order on Consent (for Remedial Investigation/Feasibility 
Study for the Lower Duwamish Waterway) 

ARAR applicable or relevant and appropriate requirement 

AWQC ambient water quality criteria 

BE biological evaluation 

BMP best management practice 

CERCLA Comprehensive Environmental Response, Compensation, and Liability 
Act 

CFR Code of Federal Regulations 

CWA Clean Water Act 

CQAPP construction quality assurance project plan 

DMMP Dredged Materials Management Program 

DOSH Division of Occupational Safety and Health 

Ecology Washington State Department of Ecology 

EFH essential fish habitat 

ENR enhanced natural recovery 

ENR+AC enhanced natural recovery amended with activated carbon 

EPA U.S. Environmental Protection Agency 

ESA Endangered Species Act 

GAC granular activated carbon 

HASP health and safety plan 

LDW Lower Duwamish Waterway 

LDWG Lower Duwamish Waterway Group 

MTCA Model Toxics Control Act 

NAGPRA Native American Graves Protection and Repatriation Act 

NHPA National Historic Preservation Act 

NOAA Fisheries National Oceanic and Atmospheric Administration, National Marine 
Fisheries Service 

Order 
Amendment 

Second Amendment (July 2014) to the Administrative Order on Consent 
for Remedial Investigation/Feasibility Study for the Lower Duwamish 
Waterway 

OSHA Occupational Safety and Health Administration 
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PCB polychlorinated biphenyl 

PCE primary constituent element 

QA quality assurance 

QAPP quality assurance project plan 

QC quality control 

RCRA Resource Conservation and Recovery Act 

RCW Revised Code of Washington 

RI remedial investigation 

ROD record of decision 

SMC Seattle Municipal Code 

SMS Sediment Management Standards 

SPI sediment profile imagery 

SPME solid-phase microextraction 

SQS sediment quality standards 

TMC Tacoma Municipal Code 

TOC total organic carbon 

TSCA Toxic Substances Control Act 

U.S.C. United States Code 

WAC Washington Administrative Code 

WCCA Washington Clean Air Act 

WQMP water quality monitoring plan 

 



 

Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study 
Narrative Design Report 

December 7, 2015 
Page 1

 

NARRATIVE DESIGN REPORT 
Enhanced Natural Recovery/Activated Carbon Pilot Study 

Lower Duwamish Waterway 

1.0 INTRODUCTION 

The Lower Duwamish Waterway Group (LDWG) will conduct a pilot study of an innovative 

sediment technology in the field to evaluate the potential effectiveness of the technology in the 

Lower Duwamish Waterway (LDW).  The study will determine whether Enhanced Natural Recovery 

(ENR) amended with granular activated carbon (AC) can be successfully applied to reduce the 

bioavailability of polychlorinated biphenyls (PCBs) in remediated contaminated sediment in the 

LDW.  The study will compare the effectiveness of ENR with added AC (ENR+AC) with that of 

ENR without added AC in three areas (called “plots”) in the LDW, which are referred to as the 

intertidal plot, subtidal plot, and scour plot.  For the purposes of this project, ENR involves the 

placement of a thin layer of clean material (sand or gravelly sand) over subtidal or intertidal 

sediments.  ENR+AC involves the placement of a thin layer of clean material augmented with AC 

over subtidal or intertidal sediments.  The purpose of the ENR and ENR+AC treatments is to 

reduce the exposure of aquatic organisms to contaminants of concern.  The locations in which the 

pilot study will be conducted are shown in Figure 1. 

A pilot study was specified under the Second Amendment (July 2014) to the Administrative Order 

on Consent (Order) for Remedial Investigation/Feasibility Study for the Lower Duwamish Waterway 

(Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] Docket No. 

10-2001-0055, issued on December 20, 2000).  The Second Amendment to the AOC, referred to 

as the Order Amendment, includes a statement of work for the pilot study, including a general 

overview of the work to be performed, a list of study steps/tasks, and a schedule for deliverables. 

1.1 SCOPE AND PURPOSE OF STUDY 

The general project goal of the pilot study is to place ENR material and ENR+AC over separate 

plots of the bottom sediments of the LDW to evaluate the performance of ENR+AC compared to 

ENR over a 3-year monitoring period. 

The goals of the pilot study, as stated in the Order Amendment, are the following: 

 Verify that ENR+AC can be successfully applied in the LDW by monitoring physical 
placement success (uniformity of coverage and percentage of carbon in a placed layer). 
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 Evaluate the performance of ENR+AC compared to ENR alone in locations with a range 
of PCB concentrations. 

 Assess potential impacts on the benthic community in ENR+AC compared to ENR 
alone. 

 Assess changes in bioavailability of PCBs in ENR+AC compared to ENR alone. 

 Assess the stability of ENR+AC in scour areas (such as berthing areas). 

1.2 PLOT DESIGN, LOCATIONS, AND SUMMARY OF CONDITIONS 

The selection of the specific plot locations is described in the plot selection memorandum, which is 

included as Appendix A.  These locations were approved by the U.S. Environmental Protection 

Agency (EPA) and the Washington State Department of Ecology (Ecology) on February 11, 2015.  

The three plots are shown in Figure 1 and described in the following subsections.  The plot 

selection memorandum provides the sediment results for all contaminants of concern in the LDW, 

a physical description of each plot, and the rationale for its selection. 

The selection of these plots for the pilot study met the study goal to evaluate performance of 

ENR+AC compared to ENR alone in locations with a range of PCB concentrations. 

1.2.1 Subtidal Plot (River Mile 1.2) 

The subtidal plot represents typical subtidal conditions in the LDW Superfund site.  The location 

and bathymetry of the subtidal plot, the layout of its two subplots, and the surface-sediment PCB 

concentrations are shown in Figure 2.  This plot is divided into two longitudinal subplots called the 

East Lane and the West Lane, for the ENR and ENR+AC applications, respectively. 

1.2.2 Scour Plot (River Mile 0.1) 

The scour plot is representative of areas throughout the site that may experience scour in berthing 

areas.  The location and bathymetry of the scour plot, the layout of its two subplots, and the 

surface-sediment PCB concentrations are shown in Figure 3.  This plot is divided into two almost 

square subplots called the upstream and downstream subplots, for the ENR and ENR+AC 

applications, respectively. 

1.2.3 Intertidal Plot (River Mile 3.9) 

The intertidal plot represents intertidal conditions throughout much of the site.  Consistent with 

previous documents, the intertidal area in the LDW is defined as sediments above -4 feet mean 

lower low water.  The location and bathymetry of the intertidal plot, the layout of its two subplots, 

and the surface-sediment PCB concentrations are shown in Figure 4.  The plot is divided into two 
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rectangular upstream and downstream subplots; ENR and ENR+AC applications, respectively.  

The two plots are separated by approximately 100 feet to avoid three shoreline outfalls and an 

area of debris.  

1.3 DATA QUALITY OBJECTIVES 

This section summarizes the data quality objectives (DQOs) for the pilot study monitoring program.  

Additional details for the DQOs are presented in the QAPP.  The DQO process defines criteria that 

will be used to establish the final data collection design (U.S. EPA, 2006).  Based on the study 

goals listed in Section 1.1, the DQOs were developed to support the selection of sampling and 

analysis methods and an overall study design that leads to data appropriate to answer the study 

questions. 

The DQOs were developed with the recognition that ENR (and ENR+AC) are technologies that 

inherently work with processes that are ongoing in the LDW surface sediments.  These include 

vertical mixing by bioturbation, redistribution and vertical mixing of surface sediments by waves 

and currents, sedimentation and minor erosion, and minor anthropogenic disturbances such as 

small boat anchors.  ENR is not an engineered containment layer and the placed ENR layer is 

expected to physically change over time as a result of these riverine processes. 

1.3.1 DQO-1: Verify the Placement of the ENR and ENR+AC Materials 

This DQO verifies whether the ENR and ENR+AC layers can be placed in the subtidal, intertidal, 

and scour plots within the targeted specifications.  This first DQO establishes the initial physical 

conditions of the ENR and ENR+AC layers immediately after placement and is used to support 

subsequent monitoring.  This DQO addresses the thickness and evenness of the ENR and 

ENR+AC layers, the constructed AC content in the ENR+AC layer, and the distribution of carbon in 

the ENR+AC layer. 

Investigative methods to measure the thickness and evenness of the layers will include physical 

assessment using tools such as bathymetric surveys, breakaway stakes, visual observation by 

divers, sediment profile imagery (SPI), and collection, logging, and analysis of shallow cores.  The 

quality assurance/control (QA/QC) requirements are described in the monitoring Quality Assurance 

Project Plan (QAPP) and the Construction Quality Assurance Project Plan (CQAPP). 

The achieved application rate of AC will be based on measures of post placement carbon content 

using methods for both total organic carbon (TOC) and AC.  The general distribution of AC within 

the ENR+AC layer will be based on visual observations using diver-collected cores and SPI. 
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1.3.2 DQO-2: Evaluate the Stability of ENR and ENR+AC Materials 

The second DQO addresses the long term stability (over the 3-year study period) of the ENR 

materials and the stability of the AC material in the ENR matrix in the scour plot.  Loss of ENR and 

ENR+AC materials may occur as a result of erosional forces, such as propeller wash and high river 

flows.  Depending upon the nature of the turbulence in the berthing areas, there is also the 

potential for the propwash currents to increase or decrease ENR processes (e.g., deposition of 

riverine sediments or mixing of the ENR and ENR+AC layers into the underlying sediment) 

compared to areas without propwash effects.  Changes in ENR+AC stability at all the pilot study 

plots will be evaluated during post placement monitoring events using visual observations (diver 

survey and SPI) and/or diver-collected cores. 

1.3.3 DQO-3: Assess Changes in Bioavailability in ENR+AC Compared to ENR 
Alone 

This DQO assesses the potential changes in PCB bioavailability in ENR+AC compared to ENR 

alone.  For the purposes of the pilot study, changes in bioavailability will be based on 

measurements of the bioavailable fraction of PCBs as represented by the PCB concentrations in 

porewater.  Porewater PCB concentrations will be measured using solid-phase microextraction 

(SPME).  Secondary measurements supporting the interpretation of bioavailability will include 

measurements of grain size, carbon content, and bulk sediment PCB congeners.  In addition, an 

addendum to the pilot study QAPP will be prepared that will describe a tissue study to further 

assess changes in bioavailability. 

1.3.4 DQO-4: Assess the Potential Impacts of AC on Benthic Communities 

This DQO addresses the potential impacts of AC on benthic communities in the LDW.  Although 

laboratory and field studies have generally shown few adverse effects on benthic organisms after 

the application of AC to contaminated sediments, effects have been associated with the use of 

small particle sizes (powdered activated carbon) or higher applications rates (generally greater 

than 5 percent AC). 

To determine whether the use of AC, as proposed in the pilot study, could adversely affect the 

benthic communities in the LDW, a benthic macroinvertebrate survey will be conducted in Year 3.  

The benthic communities established in each of the ENR+AC subplots of the subtidal, intertidal, 

and scour plots will be compared to the benthic communities in their respective ENR subplots. 

1.4 PROJECT SCHEDULE 

All in-water construction work for ENR and ENR+AC placement is planned to be conducted during 

the authorized 2016–2017 in-water work window for the LDW, when salmonid species listed under 
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the Endangered Species Act are least likely to be present.  The construction is expected to occur 

in December 2016, after the completion of the Muckleshoot Indian Tribe’s net fishery season.  The 

baseline sampling (as described in the QAPP [Appendix E]), which is scheduled to precede 

placement by 60 to 90 days, would occur in September or October 2016, and the Year 0 (post 

placement) event would occur in January or February 2017.  The Years 1, 2, and 3 monitoring 

events are anticipated to occur in the spring (March to May) of 2018, 2019, and 2020.   

A draft Construction Report will be submitted to EPA and Ecology with the Draft Year 1 Monitoring 

Report per the Order.  However, a courtesy copy of the construction sections of the Draft Year 1 

Monitoring Report will be submitted to EPA and Ecology within 6 months of the completion of 

construction.  The Year 3 Monitoring Report will include the results of the Year 2 monitoring. 

Validated sampling data from the baseline event and Years 0, 1, and 2 sampling event will be 

provided to EPA and Ecology within 75 days after completion of the sampling event and Year 3 

validated sampling data will be provided within 90 days. 

1.5 REPORT ORGANIZATION 

This narrative design report is laid out to present the approach for design, construction, and 

monitoring of the pilot study, which addresses Task 2 of the AOC (Prepare the Design Package).  

The main body of this report is intended to summarize the various deliverables required by Task 2 

of the AOC. 

 Section 2.0 provides the basis of design and general approach to the construction of the 
pilot plots and summarizes the construction quality assurance project plan (CQAPP) 
and the plans and specifications. 

 Section 3.0 summarizes the quality assurance project plan (QAPP) for the pilot study. 

 Section 4.0 is an overview of the water quality monitoring plan (WQMP) for the pilot 
study. 

 Section 5.0 is an overview of the health and safety plan (HASP) for the pilot study. 

 Section 6.0 provides a project cost estimate and project schedule. 

 Section 7.0 provides an analysis of the substantive compliance of the pilot study with 
applicable environmental regulations. 

 Section 8.0 summarizes the biological evaluation (BE) prepared for the pilot study. 

 Section 9.0 provides a list of the references cited in the narrative design report. 
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All of the design documents specified in the Order are provided in the appendices:  the CQAPP 

(Appendix C), construction plans and specifications (Appendix D), the QAPP (Appendix E), the 

WQMP (Appendix F), the HASP (Appendix G), the cost estimate and project schedule 

(Appendix H), and the BE (Appendix B), all of which are summarized in the following sections. 

2.0 DESIGN AND CONSTRUCTION 

As outlined in Section 1.1, the goals of the pilot study include verifying that ENR and ENR+AC can 

be successfully applied over the LDW bottom sediments and evaluating the performance of 

ENR+AC compared to ENR. 

The AC has a specific gravity similar to that of water and may be resuspended and sorted from the 

heavier sand and gravel ENR materials during placement.  The criteria for the design and 

construction of the ENR and ENR+AC are the following: 

 Place material in a manner intended to limit mixing with underlying river sediments. 

 Limit segregation of the placed materials during placement. 

 Limit winnowing/loss of the AC during placement. 

 Place the materials accurately within the target areas at the target thickness. 

Because this project is a pilot study comparison of ENR and ENR+AC, the 3-year monitoring 

program after material placement is intended to monitor performance over time.  As a result, the 

design and placement of materials in the LDW in the three plots must meet the criteria stated 

above and be as consistent as possible throughout the plots and subplots.  Since the placement 

objectives are critical to the long-term evaluation of this effort, the overall design considered how to 

best manage various aspects of placement to ensure the achievement of these criteria.  Because 

this project is a pilot study with 3 years of monitoring of the subplots and because of the small size 

of the subplots, this design uses means and methods to ensure the highest degree of consistency 

in terms of the materials placed in the subplots within one plot.  The exact construction approach 

and equipment used for the pilot study may not be the same as that typically used for a full-scale 

ENR+AC project in which the project scale would influence the selection of equipment and 

methods.  However, this pilot study was designed to evaluate factors to be considered in designing 

placement methods for use in a full-scale ENR+AC project. 

It should also be noted that there are limitations associated with the placement of material below 

the water surface in the tidally influenced LDW that result from the variability of the physical and 

chemical parameters in the waterway, the capability of the contractor and the contractor’s 

equipment, and inherent difficulties related to placing materials with differences in specific gravities 
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(i.e., AC and sand and gravel).  Consequently, the thickness of the placed material will have some 

variability and the need for some level of adaptive management during construction is expected as 

a normal part of the pilot study, as described in Section 2.1.   

2.1 BASIS OF DESIGN 

The pilot study will be conducted with three separate plots, each consisting of approximately 1 acre 

in the LDW:  one in an intertidal area, one in a subtidal area, and one in a subtidal area of potential 

scour (Figures 1 through 4).  Each of the three plots will be divided into two subplots, each 

consisting of approximately ½ acre.  Within each plot, one of the subplots will be treated with ENR 

material only and the other will be treated with ENR+AC.  To evaluate the performance of ENR+AC 

compared to ENR alone, these plots will be monitored for 3 years after their construction. 

For the monitoring program to be effective, the design of the plots and the placement of materials 

must limit the potential for overlap or mixing of materials between the subplots to the extent 

reasonably practicable using conventional construction equipment and marine contractors.  

Monitoring of the subplots has been designed with an internal buffer zone between the area to be 

sampled in each subplot and adjacent subplot in case of any significant crossover of AC into the 

ENR subplot (see Figures 2 through 4).  The area to be sampled in each subplot has been sized to 

leave a 5-foot-wide buffer around the edge of each subplot and, when the subplots are adjacent, a 

15-foot-wide buffer between the ENR and ENR+AC subplots. 

2.1.1 Material Thickness Criterion 

The placement of ENR and ENR+AC materials under water using the available equipment will 

result in variability in material thickness.  Based on industry experience, a 3-inch tolerance in 

placement thickness is the best that can be planned for and measured.  Because of this 

anticipated variability, the material placement has been designed using the volume of material 

equivalent to a 9-inch-thick placement, with a goal for a thickness value of between 6 and 9 inches 

for 80% of a plot and with a minimum thickness of 4 inches over 100 percent of the plot.  The 

design is based on a sound technical approach and a construction process that uses adaptive 

management to adjust the approach to varying in-water conditions. 

2.1.2 ENR Materials 

The proposed material for the ENR and ENR+AC will consist of sand for the subtidal plot and 

gravelly sand for the scour and intertidal plots.  Figures 2 through 4 show the locations of the ENR 

and ENR+AC subplots.  Sand has traditionally been used as ENR material; however, the locations 

of the intertidal and scour plots are anticipated to result in material movement as a result of boat 

wakes, wind-generated waves, propeller wash, sloping river bottoms, and currents.  This can 
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cause winnowing of AC in the ENR+AC subplots with loss of AC from the upper layer and transport 

of the AC out of the subplot.  Therefore, a gravelly sand mix has been selected for use in the 

intertidal and potential scour plots to reduce the potential for movement of the ENR and ENR+AC 

material by waves and currents.  Reducing movement of the placed materials is critical to reducing 

loss of the AC from the ENR+AC subplots and reducing the potential for any effects of the AC on 

the adjacent ENR subplots.  Such transport is not an environmental concern per se, but may affect 

sample results and the interpretation of the study results.   

A gravelly sand mix has been approved by the Natural Resource Trustees for use as a habitat 

substrate in restoration/creation projects on the LDW.  For example, the backfill used in the Boeing 

sediment cleanup on the Duwamish Waterway required a gravelly mix in portions of the intertidal 

and scour areas to prevent erosion of the backfill.  In areas where groundwater upwelling was 

occurring, even larger material sizes were required to prevent erosion.   

In addition, the Port of Seattle is planning construction of a habitat restoration project along a 

portion of the South Park shoreline as part of a settlement with the Natural Resource Trustees 

where the shoreline slopes will be covered with a similar gravely sand mix. 

A similar material was used for the pocket beach that was constructed at the Olympic Sculpture 

Park along the Elliott Bay shoreline.  Post-construction monitoring was conducted over several 

years and shows that the pocket beach with gravelly substrate had high densities of harpacticoid 

copepods, amphipods, and overall epibenthic invertebrates (Toth el al., 2012).  

Additional locations in the LDW where gravely sand has been used as a habitat substrate include 

the Slip 4 Early Action cleanup and the Duwamish/Diagonal sediment remediation project.   

The gravelly sand used in the intertidal plot and the scour plot will consist of sand and rounded 

gravel with the following grain size characteristics: 

 100 percent passes a 1.5-inch sieve, 

 50 to 60 percent passes a No. 4 sieve, and 

 less than 2 percent passes a No. 230 sieve. 

For the sand used in the subtidal plot, 100 percent will pass through a No. 4 sieve, and it should 

contain less than 2 percent fines. 

The source of carbon for the AC will be granular activated carbon (GAC), and it will be virgin (i.e., 

not regenerated carbon) from coconut fiber.   
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The AC gradation should be relatively well graded across the grain size range of 200 to 1000 

microns and will be tested for PCBs and grain size before the material is accepted for use in the 

pilot study. 

The ENR material must be approved for use by the EPA; therefore, chemical testing of the borrow 

source will be implemented per the requirements in the CQAPP.  Materials acquired for use in the 

pilot study will be verified in terms of their gradation and chemistry before they are loaded onto the 

barge. 

2.1.3 Target Percentage of Activated Carbon for ENR+AC Material 

For the ENR+AC subplots, GAC will be blended with the sand or gravelly sand to result in 

approximately 4 percent AC by weight as described in Specification 02221 (Appendix D).   The AC 

material grainsize specification will be relatively well graded across the grain size range of 200 to 

1000 microns. The design AC concentration is based on previous studies which were designed to 

decrease bioavailability of PCBs without impacting benthic communities (see Section 6.7.2 of the 

Biological Evaluation [Appendix B]) but will be evaluated in the monitoring phase of this study.  The 

target concentration is based on the dry weight of GAC and ENR material.  To achieve the 

approximately 4 percent target concentration, 80 pounds of GAC will be required for every ton of 

ENR material.  It should be noted that the range of AC percentage in the blended material can vary 

as a result of potential segregation such that although the overall average is approximately 

4 percent, the percentage within any subsample can be variable. 

The specific gravity of AC is very close to that of water and, therefore, some AC loss will occur 

during and after placement, resulting in a range of carbon percentages in the placed material. 

It is expected that the pilot study will require approximately 7,100 tons (4,200 cubic yards) of ENR 

material and approximately 150 tons of AC.  Details on the weights/volume of material are provided 

in Specification 02221 (Appendix D).  Details on assessing the carbon content of the ENR+AC 

material prior to placement are provided in Specification 02221. 

2.1.4 Material Preparation 

Blending of GAC with the ENR material will be completed either at the borrow facility or on a barge, 

depending on the capabilities of the borrow facility.  The blended material (ENR+AC) will be loaded 

onto a suitable clean, water-tight barge.  Upon arrival at the plot, the blended material will be 

presoaked by flooding the barge with Duwamish River water for a minimum of 12 hours before 

material placement.  The presoaking will wet the AC particles and reduce the amount of air in the 

AC pore spaces, and thus reduce the difference in density between the AC and the ENR material.  

The blended material will be kept saturated at all times before placement.  The ENR material may 
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be presoaked similar to the ENR+AC material.  Water remaining on the barge after the blended 

material has been removed will be discharged back to the river after filtration of the water through a 

1 micron bag filter.   

2.1.5 Equipment and Material Placement 

The ENR and ENR+AC materials will be placed using a fixed-arm excavator equipped with a 

sealed (relatively leak proof to the extent practicable) 3- to 6-cubic-yard clamshell bucket.  The 

clamshell bucket will be in good condition, with overlapping side plates.  The side plates and 

cutting edges will be replaced as necessary to limit leakage.  Before placement of the ENR and 

ENR+AC materials, a test will be conducted to develop the optimal bucket placement grid, bucket 

overlap, and bucket fill factor.  The test will consists of a trial placement of the material in 

designated demonstration areas within the intertidal zone of the Duwamish Waterway as described 

in the CQAPP (Appendix C; Specification 02221). 

The ENR and ENR+AC materials will be placed to achieve a minimum thickness of 4 to 6 inches 

by placing a volume equivalent to a 9-inch lift that is spread as uniformly as practicable over the 

subplot area.  To adjust for the variation in resulting thickness across the bucket footprint, the 

material will be placed in two lifts, using an offset grid bucket pattern, so that 80% of the plot will be 

6 to 9 inch in thickness and 100% of the ENR and ENR+AC is at least 4 inch in thickness.  To 

achieve a relatively uniform placement of material, the bucket volume and placement area covered 

upon release of the bucket contents will be known and adjusted as necessary to achieve an 

approximately 4.5-inch-thick lift over as much of the bucket footprint as practicable based on the 

bucket characteristics.  Some portions of the placement area will be at least 4 inches thick, and 

some portions may be considerably thicker, especially near the center of the bucket footprint. 

It is one of the goals of the pilot study to place the ENR or ENR+AC material placement thickness 

within the 6- to 9-inch target range, to the extent practicable based on the planned and approved 

placement method.  In addition, the intent is to have no more than 12 inches of fill, to the extent 

possible given the limitations of the placement technology.  However, placement thickness greater 

than the 6- to 9-inch target may result in some small localized areas due to a variety of factors 

including: 

 existing site bathymetric features such as steeper slopes, localized depressions, or 
erosion channels; 

 areas of debris; and  

 localized areas of greater thickness resulting from variation in placement thickness from 
the volume of material placed by a single bucket (material placed by bucket is 
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anticipated to vary in thickness from the center of bucket [thicker placement from single 
bucket] out to the edge of the bucket [thinner placement from single bucket]).   

Any localized areas of greater thickness are expected to be reduced by natural processes such as 

tides and currents following placement. 

As is typical with the placement of materials at or near the mudline, the resulting placement surface 

will be uneven and hummocky immediately after placement.  In addition, in areas where the 

existing bed of the waterway slopes, potentially thicker placements are expected near the toe of 

the slope due to the movement of the material down the slope.  Neither of these occurrences is 

expected to adversely affect the performance of the ENR and ENR+AC applications or the ability to 

monitor their performance.  Material from areas where the placement is too thick will only be 

relocated if it encroaches upon the existing Federal authorized navigation depth and thereby poses 

a hazard to navigation as determined in consultation with the U.S. Army Corps of Engineers. 

The lift placement will be monitored by an electronic navigation and positioning system on the 

excavator arm and bucket that will be capable of the following: 

 Accurately determining position of clamshell bucket (or similar equipment) to +/-4-inch 
accuracy in X, Y, and Z axes, relative to project datum, in real time.  Accuracy will be 
verified at the beginning and end of every shift, at a minimum. 

 Tracking bucket rotation/orientation. 

 Tracking bucket open/close position. 

 Displaying project area and features, bathymetry, water level, barge and/or dredge or 
work platform location and clamshell bucket (or similar equipment) in both plan and 
cross-sectional views in real time. 

 Accounting for any effects of river current on clamshell bucket position underwater 
compared to position of navigation equipment above water and displaying proper 
position in real time relative to project specific datum. 

 Recording actual bucket opening location (X, Y, and Z axes) for each bucket of material 
placed. 

During the placement operations, a spud barge capable of holding equipment in place is expected 

to be used.  To avoid disturbance of the ENR and ENR+AC material, the spuds, anchors, wires, 

chains, etc. will be prevented from coming in contact with the plots themselves once the material 

has been placed.  In addition, tug maneuvering with the potential for disturbing the placed material 

will be avoided to the extent practicable. 
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At each plot location, material will be placed in the ENR+AC subplot before the material is placed 

in the corresponding ENR subplot to minimize potential migration of the low-density AC onto the 

surface of the ENR subplot. 

A clamshell bucket (or similar equipment) will be used to remove material from material barge and 

quickly lower the bucket below the water surface to the appropriate horizontal position set 

approximately 2 feet above the riverbed.  The bucket will not contact the riverbed at any time 

during material placement.   

During placement, any excess ENR or ENR+AC material remaining on the barge after construction 

of the subplot is completed may be placed around the perimeter of the subplot as appropriate to 

slightly increase the plot area. 

In the unlikely event that over placement of material occurs within a plot, at a thickness greater 

than the target placement thickness to such a degree that it may impact navigation, some of the 

placed material will be moved using the clamshell bucket and relocated to the perimeter of the 

appropriate subplot. 

Water used to flood the material barge will be discharged to the Duwamish Waterway after the 

water has been passed through a 1 micron filter media.  If for any reason the water cannot be 

discharged through a 1 micron bag filter, EPA will be consulted to determine if any monitoring 

beyond that already conducted at the early warning and compliance stations is required. 

2.1.6 Placement Verification 

Placement verification will be a multistep process, starting with test placement and development of 

a placement pattern and volume per bucket, followed by in-place measurements to verify the 

placed thickness.  The placement verification process is outlined in the CQAPP developed for the 

pilot study (summarized in Section 2.1.8).  The Amec Foster Wheeler consulting team (consulting 

team) will provide a full-time engineer (Field Engineer) on the floating plant to oversee placement.  

A King County project representative (engineer) will be on-site as necessary.  As outlined in the 

CQAPP, EPA and Ecology will be involved in verification of all construction activities including 

placement of material.    

2.1.7 Work Hours and Duration 

Since the test plots will be constructed in winter of 2015/2016, work will likely be conducted during 

daylight and non-daylight hours with approval of EPA and Ecology.  It is not practicable to limit 

work to daylight hours only due to time of year, available daylight hours, and need to inspect 

intertidal test placements at low tide. 
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2.1.8 Construction Quality Assurance Project Plan  

The CQAPP developed for use during implementation of the pilot study is included in this report as 

Appendix C.  It presents an overview of the pilot study, the components of the construction quality 

management, and the objectives of the CQAPP.  It describes the organizations and key personnel 

involved in construction quality management, as well as their responsibilities/authorities.  The 

CQAPP describes the QA activities for different elements of the construction work and discusses 

the procedure for tracking construction deficiencies, from the identification of a deficiency through 

the accepted corrective action.  The CQAPP also presents the procedures for managing meeting 

and construction documentation and reporting and for revising the Contractor Quality Control Plan 

and CQAPP. 

The CQAPP describes the personnel, procedures, and activities required to ensure that the 

construction work satisfies the engineering design and regulatory requirements and that reliable, 

accurate, and verifiable construction data are recorded during construction.  Construction quality 

management consists of quality control (QC) by the contractors and QA by the construction 

oversight team.  QA performed by the construction oversight team will consist of conducting 

specific measurements, along with monitoring and audits to verify that the contractor follows the 

applicable QC programs, verify the effectiveness of the QC programs, and provide assurance and 

documentation that the completed construction work satisfies the quality requirements specified in 

the construction contracts.  The construction will be managed by King County, with engineering 

support provided by the consulting team, primarily Dalton, Olmsted & Fuglevand, Inc.  Construction 

oversight will be provided by the Project Representative, the Field Engineer, and support staff.  

The CQAPP details personnel roles for both the construction oversight team and the contractor 

team. 

2.2 CONSTRUCTION PLANS AND SPECIFICATIONS 

The construction plans and specifications are included in this report as Appendix D.  The 

construction plans and specifications have been developed to meet King County design and 

construction standards for public works construction bidding. 

3.0 QUALITY ASSURANCE PROJECT PLAN  

The Order Amendment requires the development of a QAPP for monitoring, which is included in 

this report as Appendix E.  The QAPP details the sampling approach, the sample handling and 

custody protocols during the 3-year monitoring period of the pilot study, and the QA/QC process for 

data generation and acquisition.  Finally, the QAPP describes the compliance assessments and 

oversight responsibilities for that portion of the project, including response actions for field 
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sampling and corrective actions for laboratory analysis, and discusses the data validation and 

usability assessment of laboratory data. 

The QAPP describes the monitoring program developed for the pilot study on the basis of the 

DQOs discussed in Section 1.3.  Monitoring as described in the QAPP will be conducted during a 

baseline sampling event before construction of the plots, during a Year 0 sampling event after the 

plot construction, and during a sampling event in Years 1 through 3 after construction.  In addition, 

a tissue study to further assess PCB bioavailability will be developed and presented in an 

addendum to this QAPP. 

4.0 WATER QUALITY MONITORING PLAN  

The WQMP for the pilot study is included in this report as Appendix F.  It is assumed that water 

quality monitoring will be required during all in-water construction activities as a condition of the 

Clean Water Act (CWA) Section 401 water quality memo to be issued by the EPA. 

Because the pilot study will involve the placement of only clean material, water quality monitoring 

for turbidity will be conducted during the in-water placement of the ENR and ENR+AC.  Water 

samples will not be collected for chemical analysis because the ENR material will be obtained from 

a clean quarry source, and its quality will have been confirmed by chemical testing. 

The objectives of the water quality monitoring and management activities are as follows: 

 Ensure that the water quality performance criteria prescribed by the Section 401 water 
quality memo are met during implementation. 

 Establish contingency measures and corrective action in the unlikely event that 
unacceptable conditions are detected. 

These monitoring and management objectives will be achieved by means of the following activities, 

as described in the WQMP: 

 The consultant team will conduct water quality monitoring during placement of material. 

 Monitoring stations will be selected to evaluate compliance with the water quality 
objectives. 

 If exceedances occur, corrective actions will be taken as outlined in Section 2.0 of the 
WQMP. 

 Written reports documenting compliance with the performance standards will be 
prepared by the project team for submittal to the EPA as required by the Section 401 
water quality memo. 
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Compliance with performance criteria will be evaluated using data from the compliance stations 

and a corresponding ambient station for each plot area.  The ambient station will be located 

outside the area of influence of the construction activities.  Details of the monitoring are provided in 

the WQMP (Appendix F). 

5.0 HEALTH AND SAFETY PLAN 

A site-specific HASP has been developed to address the health and safety practices and controls 

that will be implemented by teams performing construction oversight and various monitoring and 

sampling activities as part of the pilot study.  The site-specific HASP is included in this report as 

Appendix G. 

Because of the specialized nature of the many different site evaluation and construction activities 

that will be conducted at the pilot plots, each contractor involved in the work will develop and 

implement its own HASP and provide activity safety analyses that address the tasks that they are 

responsible for.  Therefore, it should be stressed that the health and safety directives discussed in 

the site-specific HASP in Appendix G apply only to construction oversight management personnel 

engaged in the oversight activities mentioned in the previous paragraph. 

Activities performed under this site-specific HASP will comply with applicable sections of 

Washington Administrative Code, Chapter 296-843 (WAC 296-843) for hazardous waste site work 

and all other relevant general occupational health regulations and construction safety standards 

established by the state Division of Occupational Safety and Health (DOSH).  When appropriate, 

specific DOSH standards are referenced in the site-specific HASP to highlight additional health and 

safety requirements that are not otherwise discussed.  These standards will be available on site by 

means of an Internet connection with the Washington State Occupational Safety and Health 

Administration (OSHA) Web site. 

6.0 COST ESTIMATE AND PROJECT SCHEDULE  

The cost estimate for the construction and monitoring of the pilot study and construction schedule 

are provided in Appendix H. 

7.0 REGULATORY AND PERMIT REQUIREMENTS 

The ENR/AC pilot study is under the jurisdiction of EPA Region 10 and Ecology; therefore, it must 

comply with any applicable or relevant and appropriate requirements (ARARs).  ARARs are 

promulgated federal and stricter state environmental or facility siting laws and regulations that are 

either (1) applicable requirements, or (2) relevant and appropriate requirements.  The EPA in 
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conjunction with Ecology, as set forth in the National Oil and Hazardous Substances Contingency 

Plan (40 CFR 300), is required to identify ARARs that will be met during the implementation of the 

remedial action.  The potential ARARs for the pilot study were developed by the EPA as part of the 

final record of decision (ROD) for the LDW Superfund site (U.S. EPA, 2014); they are summarized 

in the following subsections. 

For CERCLA actions such as this pilot study, regulatory permits are not required for on-site 

actions, but on-site actions must be conducted in a manner that meets the substantive provisions 

of applicable regulatory requirements.  Actions that take place off site are subject to all applicable 

requirements, including any administrative requirements (e.g., permit approval or reporting). 

7.1 FEDERAL REQUIREMENTS 

This section presents the federal ARARs that potentially apply to the pilot study. 

7.1.1 Resource Conservation and Recovery Act, Subtitle C (Hazardous Waste) 

The Resource Conservation and Recovery Act (RCRA) applies to the identification, generation, 

transportation, and disposal of any hazardous wastes generated by a project (42 U.S.C. §§ 6901–

6992K; 40 CFR 260–273).  The pilot study will not involve dredging or the generation of solid 

waste.  Unanticipated circumstances could necessitate compliance with other 

hazardous/dangerous waste requirements.  Based on the remedial investigation (RI) of the LDW 

(Windward, 2010) and the sampling results from the candidate plots for the pilot study (Windward, 

2015), LDW sediments, should they be excavated and become a waste, are not expected to be 

characterized as hazardous/dangerous waste.  In the unforeseen event that dangerous/hazardous 

waste is generated, the pilot study would comply with the state generator rules for accumulating or 

managing such waste on site for up to 90 days (40 CFR 262; WAC 173-17-202).  State dangerous 

waste is defined more broadly than federal hazardous waste. 

7.1.2 Toxic Substances Control Act  

The Toxic Substances Control Act (TSCA) establishes prohibitions of and requirements for the 

manufacture, processing, distribution in commerce, use, cleanup, storage, and disposal of PCBs 

after January 1, 1978 (15 U.S.C. § 2605; 40 CFR 761.61[c]).  TSCA regulations for PCBs apply to 

materials containing concentrations of PCBs equal to or greater than 50 parts per million.  The 

EPA evaluates the form and concentration of PCBs “as found” at the site, which is subject to 

disposal requirements (40 CFR 761.60[a][2]–761.60[a][5]) and storage requirements (40 CFR 

761.65). 
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Dredging will not be a component of the pilot study, but based on the LDW RI and the sampling 

results from the candidate plots for the pilot study, encountering materials at the site with PCB 

remediation waste as defined in 40 CFR 761.3 is not expected.  Any such material will be subject 

to the EPA-approved plans for all cleanup activities, including any sampling, as well as all on-site 

disposal-related activities.  Risk-based disposal of PCB remediation wastes must not pose 

unreasonable risk of injury to human health or the environment.  Written EPA approval is required 

for any off-site disposal of PCB remediation waste. 

7.1.3 Solid Waste Disposal Act  

Congress enacted the Solid Waste Disposal Act of 1965 to address the growing quantity of solid 

waste generated in the United States and to ensure its proper management (42 U.S.C. §§ 6901–

6992K; 40 CFR 257–258).  Subsequent amendments to the Solid Waste Disposal Act, such as 

RCRA, have substantially increased the federal government’s involvement in solid waste 

management.  The term solid waste, as defined by the statute, is very broad, including not only the 

traditional nonhazardous solid wastes, such as municipal garbage and industrial wastes, but also 

hazardous wastes.  Hazardous waste, a subset of solid waste, is regulated under RCRA 

Subtitle C. 

The pilot study will comply with the substantive requirements for nondangerous or nonhazardous 

waste that it generates, unless the wastes qualify for recycling or other exemptions. 

7.1.4 Clean Water Act  

The CWA establishes the basic structure for regulating discharges of pollutants into the waters of 

the United States and regulating quality standards for surface waters (33 U.S.C. § 1251 et seq. 

[1972]).  The basis of the CWA, which was enacted in 1948, was called the Federal Water 

Pollution Control Act, but the act was significantly reorganized and expanded in 1972.  Under the 

CWA, the EPA has implemented pollution control programs such as setting wastewater standards 

for industry and developing water quality standards for all contaminants in surface waters. 

This section discusses the various parts of the CWA that constitute ARARs for the pilot study. 

7.1.4.1 Ambient Water Quality Criteria  

Section 304(a) of the CWA establishes ambient water quality criteria (AWQC) for the protection of 

aquatic organisms and human health (33 U.S.C. § 1314[a]; National Toxics Rule [40 CFR 

131.36{b}{1})] as applied to Washington [40 CFR 131.36{d}{14}]).  AWQC developed under the 

CWA are guidelines that identify protective concentrations of various chemical constituents in 

surface waters.  Surface water criteria will be at least as stringent as all of the following:  (1) all 
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water quality standards in WAC 173-201A; (2) AWQC, unless it can be demonstrated that such 

criteria are not relevant and appropriate for the LDW or for a specific hazardous substance; and (3) 

the National Toxics Rule (see WAC 173-340-730[3][b], consistent with Sections 121[d][2][A][ii] and 

[B][i] of CERCLA and 40 CFR 300.430[e]). 

Monitoring for relevant AWQC will occur during construction and will be addressed as part of the 

Section 401 water quality memo, as described in Section 4.0. 

Best management practices (BMPs) are described in the WQMP (Appendix F) and the CQAPP 

(Appendix C).  These BMPs primarily focus on reducing turbidity, which is the parameter that has 

the highest potential for exceeding the water quality criteria due to implementation of the pilot 

study. 

7.1.4.2 Discharge of Dredged/Fill Material into Navigable Waters of the United 
States – Clean Water Act, Sections 401 and 404 

Sections 401 and 404 of the CWA establish requirements for water quality certification and for 

dredging and placing fill materials in the waters of the United States, respectively (33 U.S.C. §§ 

1341 and 1344; 40 CFR 121.2, 230, and 232; 33 CFR 320, 323, and 328–330).  Sections 401 and 

404 apply to the in-water actions of the pilot study.  Because the proposed action will involve the 

placement of fill on site, the requirements of these laws and implementing regulations apply. 

Compliance with Section 401 will be addressed as part of the water quality memo, as described in 

Section 4.0.  The EPA will issue the equivalent of state certification assuring that the water quality 

standards will not be violated by remedial action discharges along with necessary conditions 

including any mixing zone parameters consistent with WAC 173-201A-400. 

Section 404(b)(1) of the CWA instructs the EPA to promulgate guidelines for evaluating proposed 

projects involving such discharges, which are called the Section 404(b)(1) Guidelines (40 CFR 

230).  Under these guidelines, discharges of dredged or fill material may be permitted if there is no 

practicable alternative to the proposed discharge that would have a less adverse impact on the 

aquatic ecosystem, so long as the alternative does not have other significant adverse 

environmental consequences.  The term “practicable” is defined in CWA regulations as “available 

and capable of being done after taking into consideration cost, existing technology, and logistics, in 

light of overall project purposes.”  The Section 404(b)(1) Guidelines require demonstration that the 

placement of fill material (ENR and ENR+AC) will not do any of the following: 

 Cause or contribute to violations of any applicable state water quality standard 
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 Violate any applicable toxic effluent standard or prohibition under Section 307 of the 
CWA 

 Jeopardize the continued existence of any endangered or threatened species or 
contribute to the destruction or modification of any critical habitat for such species 

 Contribute to significant degradation of the waters of the United States  

The placement of fill material will avoid, to the fullest extent practicable, adverse effects on human 

health, aquatic ecosystems, and recreational, aesthetic, and economic values.  The Section 

404(b)(1) Guidelines also maintain that degradation or destruction of special aquatic sites 

represents an irreversible loss of valuable aquatic resources that should be avoided.  

The EPA Region 10’s Decision Framework for Determining Clean Water Act Section 404 

Compliance at Superfund Sites (EPA 2000) requires that information be provided to address 

several findings.  The findings and information related to them are presented below which 

demonstrate compliance with the substantive provisions of Sections 401 and 404 of the Clean 

Water Act. 

1. There are no other practicable alternatives that will result in less impact to the 

aquatic environment.  

The pilot study is being conducted in areas contaminated with PCBs and other hazardous 

substances at concentrations determined in EPA’s 2014 ROD to be harmful to human 

health and the environment.  Under EPA’s ROD, active remediation (ENR, capping, 

dredging, or partial dredging and capping) is required to remediate sediment contamination 

in these areas.  Other remedial options (capping, dredging, or partial dredging and capping) 

would have more impact to the aquatic environment than the ENR and ENR+AC pilot.  The 

construction of the study has been designed to minimize, to the extent practicable, the 

impacts on the aquatic environment.  The proposed placement method of releasing the 

ENR and ENR+AC material within a few feet of the bottom will reduce impacts to adjacent 

aquatic habitats due to migration of material outside of the pilot study plots and will also 

reduce suspension of ENR and AC material into the water column as compared to alternate 

placement methods.  Alternative placement methods would likely increase the footprint of 

the ENR and ENR+AC pilot plots due to migration of the placed material outside of the 

proposed boundaries of the study plots and increase the amount of material suspended in 

the water column.   
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2. The discharge will not cause or contribute to violations of water quality standards or 

toxic effluent standards, jeopardize an endangered or threatened species, or destroy 

or adversely modify critical habitat, or impair a protected marine sanctuary. 

As described above, the proposed construction methods are designed to minimize the 

potential for exceedances of ambient water quality as compared to alternate construction 

methods.  Water quality monitoring will be conducted under an EPA approved Water 

Quality Monitoring Plan (Appendix F) to ensure compliance with relevant water quality 

standards during construction.  The Water Quality Monitoring Plan has been developed in 

consultation with EPA and is designed to be consistent with the 401 memo to be issued by 

EPA.  There are no toxic effluents associated with the construction or long-term monitoring 

of the project.  All in-water construction work for ENR and ENR+AC placement is planned 

to be conducted during the authorized 2016–2017 in-water work window for the LDW, when 

salmonid species listed under the Endangered Species Act are least likely to be present.  

Based on concurrence by NOAA Fisheries and US Fish and Wildlife Service with the 

Biological Evaluation that was submitted to the services by EPA, the proposed action will 

not destroy or adversely modify critical habitat. 

3. The discharge will not result in significant degradation to waters of the United States. 

As described above, the proposed construction methods are designed to minimize the 

potential for exceedances of ambient water quality as compared to alternate construction 

methods.  Water quality monitoring will be conducted under an EPA approved Water 

Quality Monitoring Plan to ensure compliance with relevant water quality standards during 

construction as outlined in Appendix F.  

The ENR material sand and gravelly sand, will be “clean” quarry materials and the AC will 

be virgin; however, chemical analysis of the all quarry import and AC material will be 

conducted prior to placement to ensure that the initial physical and chemical composition 

and quality of the samples are known prior to placement.  Once construction is complete, 

there will be no significant degradation of waters as a result of the project.     

4. Potential adverse impacts to the aquatic ecosystem are minimized to the extent 

practicable and appropriate. 

As stated above, the construction methods are designed to minimize the impacts to the 

aquatic environment during placement.  In addition, the grain-size and amount of AC that 

will be placed is not expected to have a long-term impact on benthic biota as described in 
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the Biological Evaluation (Appendix B).  The only unavoidable impact is that placement of 

ENR and ENR+AC materials will temporarily reduce the populations of the benthic and 

epibenthic invertebrate community by the burial and smothering of the benthic substrate in 

the pilot plot areas.  It is expected that ENR and ENR+AC materials placed in the pilot plots 

will be rapidly recolonized by benthic fauna from adjacent areas. 

7.1.5 Rivers and Harbors Appropriations Act, Section 10 

Section 10 of the Rivers and Harbors Appropriations Act prohibits the unauthorized obstruction or 

alteration of any navigable waters of the United States (33 U.S.C. § 403), which includes all three 

of the project plots.  Section 10 requires prior authorization from the U.S. Army Corps of Engineers 

(Corps) for structures and work in or affecting navigable waters of the U.S.  Navigable waters of the 

U.S. are those waters that are subject to the ebb and flow of the tide or are presently used, or have 

been used in the past, or may be susceptible for use to transport interstate or foreign commerce.  

Procedures set forth by the Corps require an examination of the impact of the action (33 CFR 320 

and 322), in this case the placement of ENR and ENR+AC.  

Partial obstruction of portions of the navigational channel in the LDW may occur during placement 

of the ENR and ENR+AC due to the presence of boats and barges required for implementation; 

however, it is expected that there will be sufficient space within the federal navigation channel of 

the LDW to allow commercial and recreational vessels to maneuver around vessels during active 

placement of the ENR and ENR+AC.  Operations will be coordinated and scheduled to reduce 

interference with commercial vessel traffic using the waterway. 

Of the three proposed plots, only the subtidal plot will be located within the federal navigation 

channel of the LDW.  Once in place, the subtidal plot will be approximately rectangular, 100 feet 

wide, 400 feet long, and an average of 9 inches (0.75 foot) thick.  The surface of the pilot study will 

be similar to existing sediment in its material size gradation and hydraulic resistance to flow.  The 

elevation of the ENR and ENR+AC will be at or below the authorized depth of the LDW federal 

navigation channel, such that the ENR and ENR+AC will not interfere with or hinder commercial 

and recreational traffic within the LDW. A memorandum has been prepared for the US Army Corps 

of Engineers that evaluates substantive compliance per requirements of 33 USC § 408 (Section 

408) for the construction of an Enhanced Natural Recovery/Activated Carbon pilot study plot. 

The intertidal plot will be located along the east bank of the LDW south of the Boeing Plant 2 

facility.  An evaluation was performed by Windward (2003) of available bathymetric surveys 

conducted by the Corps and other parties in the LDW.  This review suggested that intertidal 

benches along the LDW appeared to be relatively stable over time with changes in bed elevations 

of less than 2 feet.  The thickness of the ENR and ENR+AC at the intertidal plot will be between 
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about 0.5 foot and 1.0 foot, with an average thickness of about 0.75 foot, a thickness that is within 

the normal range of elevation changes as reported by Windward (2003).  Therefore, placement of 

ENR and ENR+AC at the intertidal plot is not expected to interfere with or hinder commercial or 

recreational vessel traffic within the LDW. 

The scour plot will be located on the east shoreline of the LDW near the south end of Harbor Island 

and outside of the federal navigation channel.  As with the other two pilot plot areas, the thickness 

of the ENR and ENR+AC at the scour plot will be between about 0.5 foot and 1.0 foot, with an 

average thickness of about 0.75 foot.  The elevation of the scour plot is expected to be within the 

normal range of variability of sediment aggradation and scour at this location. In addition, changes 

in elevation from placement are not anticipated to interfere with operational use of this area.  

Therefore, placement of ENR and ENR+AC at the scour plot is not expected to interfere with or 

hinder commercial or recreational vessel traffic within the LDW. 

7.1.6 Endangered Species Act  

The Endangered Species Act (ESA) of 1973 is designed to protect critically imperiled species from 

extinction and the ecosystems upon which they depend (16 U.S.C. §§1531 and 1544; 50 CFR 17, 

222–224, 226.212, and 402).  The ESA forbids federal agencies from authorizing, funding, or 

conducting actions that may jeopardize endangered species or their critical habitats.  Federal 

agencies must confer with the National Oceanic and Atmospheric Administration, National Marine 

Fisheries Service (NOAA Fisheries) and the U.S. Fish and Wildlife Service (collectively referred to 

as the Services) regarding any action that may impact listed species or their critical habitats. 

Potential adverse effects of the proposed project on threatened and endangered species 

occupying the LDW, as well as conservation measures intended to prevent the adverse effects, 

were assessed in the BE that was performed for the ESA Section 7 consultation (Section 8.0 and 

Appendix B).  No threatened or endangered resident species are expected to occupy the LDW in 

the project area; however, anadromous salmonids use the LDW as a migratory corridor and for 

foraging. 

The project team, on behalf of the EPA, prepared a Biological Evaluation (BE) for the Services 

assessing the potential effects of the pilot study on listed species and their critical habitats.  The 

BE concluded that the pilot study would not likely adversely affect federally listed ESA species or 

designated critical habitat.  The EPA requested concurrence with the determination of the BE from 

the Services, who then conducted an Informal Section 7 Consultation and concurred with EPA that 

the pilot study is not likely to adversely affect federally listed ESA species or designated critical 

habitat (NMFS, 2015 and USFWS, 2015).  
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7.1.7 Magnuson-Stevens Fishery Conservation and Management Act 

The Magnuson-Stevens Fishery Conservation and Management Act is not identified as an ARAR 

in the ROD but is included in this report because it is a requirement of the ESA consultation 

process.  The Magnuson-Stevens Act and its implementing regulations require consideration of the 

effects of federal actions on essential fish habitat (EFH) for covered species, including salmon (16 

U.S.C. § 1801 et seq.; 50 CFR 600).  EFH is defined as “those waters and substrate necessary to 

fish for spawning, breeding, feeding, or growth to maturity.”  “Waters” include “aquatic areas and 

their associated physical, chemical, and biological properties that are used by fish.”  They may 

include aquatic areas historically used by fish.  “Substrate” includes “sediment, hard bottom, 

structures underlying the waters, and associated biological communities.”  The Magnuson-Stevens 

Act requires federal agencies to consult with NOAA Fisheries on activities that may adversely 

affect EFH.  Projects that must also undergo Section 7 consultation under the ESA (see Section 

7.1.6) can incorporate an EFH assessment as an attachment to the BE that is submitted for 

Section 7 consultation.  Salmonid species covered under the Magnuson-Stevens Act occur in the 

LDW where the pilot study will be conducted; therefore, the act applies.  The BE prepared for the 

pilot study includes an assessment of EFH. 

7.1.8 Migratory Bird Treaty Act 

The Migratory Bird Treaty Act (MBTA) governs the taking, killing, possession, transportation, and 

importation of migratory birds, their eggs, parts, and nests (16 U.S.C. §§ 703–712; 50 CFR 10 and 

21).  Section 703 of the Act makes it a crime to ‘take’ protected birds, a very large group of 

species, which are identified at 50 CFR Section 10.13, without regard to the species' rarity or 

viability (in contrast to bird species protected under the federal Endangered Species Act and 

equivalent state statutes as endangered or threatened).  While the Act does not define “take,” the 

rules implementing the Act define the term as conduct in which a person “pursues, hunts, shoots, 

wounds, kills, traps, captures or collects ”(See 50 CFR Section 10.12).  The proposed action is not 

expected to produce conditions in the LDW that would result in a take as defined under the MBTA.  

The proposed action will be consistent with other permitted activities occurring in the LDW (e.g., 

commercial shipping, dredging, industrial activities).  A biological evaluation has been prepared for 

the project to address potential project impacts on ESA-listed species using the LDW.  Based on 

information presented in the biological evaluation, project activities are anticipated to be consistent 

with the MBTA. 

7.1.9 Bald and Golden Eagle Protection Act 

The Bald and Golden Eagle Protection Act (BGEPA) of 1940 protects the bald eagle and the 

golden eagle by prohibiting, except under certain specified conditions, the taking, possession, and 

commerce of such birds (16 U.S.C. § 668; 50 CFR 22).  “Take” under the BGEPA includes both 
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direct taking of individuals and take due to disturbance where “disturb” is defined as: “to agitate or 

bother a bald or golden eagle to a degree that causes, or is likely to cause, based on the best 

scientific information available, 1) injury to an eagle, 2) a decrease in its productivity, by 

substantially interfering with normal breeding, feeding, or sheltering behavior, or 3) nest 

abandonment, by substantially interfering with normal breeding, feeding, or sheltering behavior.” 

(50 CFR 22.3). “In addition to immediate impacts, this definition also covers impacts that result 

from human-caused alterations initiated around a previously used nest site during a time when 

eagles are not present, if, upon the eagles return, such alterations agitate or bother an eagle to a 

degree that injures an eagle or substantially interferes with normal breeding, feeding, or 

sheltering.” (USFWS, 2007).The 1972 amendments increased penalties for violating provisions of 

the act or regulations issued pursuant thereto and strengthened other enforcement measures.  

Rewards are provided for information leading to the arrest and conviction of individuals for violation 

of the act.  There is no known golden eagle habitat within central Puget Sound (Watson and 

Davies 2009).   

A search of the Washington Department of Fish and Wildlife’s Priority Habitat and Species (PHS) 

web site (http://wdfw.wa.gov/mapping/phs/) was conducted to identify bald eagle habitats (e.g., 

nests, roosts, and forage) near the project site.  A bald eagle nest was identified within 0.5 miles 

west of the Scour Plot site near Harbor Island on the bluff overlooking the west shoreline of the 

West Waterway. 

The U.S. Fish and Wildlife Service (USFWS) in its 2007 National Bald Eagle Management 

Guidelines recommends distance buffers from bald eagle nest trees for different activities.  As an 

example, for construction of multistory buildings, a buffer of 660 feet is recommended, whereas, for 

on-water activities such as the operation of motorized watercraft, a buffer zone of 330 feet is 

recommended.  Because the nearest nest tree is located over 2,640 feet from the project site, the 

proposed action is considered to be compliant with the BGEPA.  

7.1.10 Floodplain Management Procedures 

The Floodplain Management Procedures (40 CFR 6, Appendix A, Section 6) and Executive Order 

11988, entitled “Floodplain Management” and dated May 24, 1977, require federal agencies to 

evaluate the potential effects of actions that may take place in a floodplain to avoid adversely 

affecting floodplains wherever possible, to ensure that their planning programs and budget 

requests reflect consideration of flood hazards and floodplain management, including the 

restoration and preservation of such land areas as natural undeveloped floodplains, and to 

prescribe procedures to implement the policies and procedures of the executive order.  Guidance 

for implementation of the executive order has been provided by the U.S. Water Resources Council 

(1978). 
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There are no anticipated impacts to floodplains due to construction of the pilot study.  The 

elevation of the subtidal plot will be at or below the authorized navigation channel depth.  Any 

changes in water surface elevation due to construction, will be within the range of the water 

surface elevations that would be expected from natural deposition of sediments within the 

navigation channel.  The elevation of the scour and intertidal plots, as described in Section 7.1.5, 

will be within the range of elevations that are expected to occur through natural riverine processes. 

7.1.11 Clean Air Act  

The Clean Air Act was established in 1970, with major revisions in 1977 and 1990 (42 U.S.C. §§ 

7401–7671q; 40 CFR 50).  The Clean Air Act requires the EPA to establish national ambient air 

quality standards for certain common and widespread pollutants based on the latest science.  The 

EPA has set air quality standards for six common “criteria pollutants”: particulate matter (also 

known as particle pollution), ozone, sulfur dioxide, nitrogen dioxide, carbon monoxide, and lead. 

States are required to adopt enforceable plans to achieve and maintain air quality meeting the air 

quality standards.  State plans also must control emissions that drift across state lines and degrade 

air quality in downwind states. 

Reasonable precautions must be taken to (1) prevent the release of air contaminants; (2) prevent 

fugitive dust from becoming airborne, and (3) maintain and operate the source to minimize 

emissions (RCW 70.94; WAC 173-400-040).  The ENR material will be obtained from an upland 

source and washed to remove fine soil particles before delivery to the site.  The washing will 

remove most of the small particles that would have the greatest potential to cause fugitive dust; 

therefore, the pilot study is expected to comply with the Clean Air Act.  The pilot study design calls 

for the blended ENR+AC material to be presoaked before placement, which will reduce the amount 

of any dust generated from the AC amendment.   

7.1.12 Native American Graves Protection and Repatriation Act and American 
Indian Religious Freedom Act 

The Native American Graves Protection and Repatriation Act (NAGPRA) and implementing 

regulations are intended to protect Native American graves from desecration by the removal and 

trafficking of human remains and “cultural items,” including funerary and sacred objects (25 U.S.C. 

§ 3001 et seq., 43 CFR 10; 42 U.S.C. § 1196 et seq.).  To protect Native American burials and 

cultural items, the regulations require that if such items are inadvertently discovered during 

excavation, the excavation must cease, and the affiliated tribes must be notified and consulted. 

The American Indian Religious Freedom Act (AIRFA) is a federal law and a joint resolution of 

Congress that was passed in 1978.  It was created to protect and preserve the traditional religious 
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rights and cultural practices of American Indians, Eskimos, Aleuts, and Native Hawaiians.  These 

rights include, but are not limited to, access of sacred sites; repatriation of sacred objects held in 

museums; freedom to worship through ceremonial and traditional rites, including within prisons; 

and use and possession of objects considered sacred.  AIRFA required policies of all 

governmental agencies to eliminate interference with the free exercise of Native religion, based on 

the First Amendment, and to accommodate access to and use of religious sites to the extent that 

the use is practicable and is not inconsistent with an agency’s essential functions. 

Executive Order 13007 requires federal agencies to avoid physical damage to tribal sacred sites, 

and interference with the access of tribes thereto.  Compliance with Executive Order 13007 will be 

maintained throughout project implementation.  No excavation or dredging will occur as a result of 

the pilot study; therefore, it is expected to be substantively compliant with both NAGPRA and 

AIRFA. 

7.1.13 National Historic Preservation Act, Section 106  

If Native American or other cultural materials are unearthed during project activities, the National 

Historic Preservation Act (NHPA) and implementing regulations will apply (16 U.S.C. § 470f; 

36 CFR 60, 63, and 800).  They require that federal agencies consider the possible effects of 

projects on historic sites.  If an agency finds a potential adverse effect on historic sites or 

structures, the agency must evaluate alternatives to “avoid, minimize, or mitigate” the impact, in 

consultation with the State Historic Preservation Officer.  Sediment-disturbing activities must cease 

should such materials be observed, and the appropriate agencies must be notified.   

King County conducted a King County Historic Preservation Program Cultural Resources Review 

(08/27/15).  The results of the review indicated that the project area has a low probability of 

containing intact archaeological sites because it is in an artificial river channel that has previously 

been dredged and because project-related ground disturbance will be relatively shallow.  Although 

there is a low probability of disturbing any archaeological material, an Inadvertent Discovery Plan 

(IDP) has been prepared that details the actions that the contractor or monitoring personnel will 

take if potential archaeological resources are discovered. 

Because sediment disturbance during the pilot study will be minimal (e.g., anchor/spud 

deployment), the plots do not contain any known historic sites or structures, and potential 

discoveries will be addressed through the IDP, the pilot study is expected to be substantively 

compliant with the NHPA and will be addressed by the IDP that has been developed for the pilot 

study. 
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7.2 STATE LAWS AND REGULATIONS  

This section presents the state ARARs that apply to the pilot study. 

7.2.1 Model Toxics Control Act Regulations and Sediment Management 
Standards  

Washington’s hazardous waste cleanup law, the Model Toxics Control Act (MTCA) mandates that 

site cleanups protect the state’s citizens and environment (RCW 70.105D; WAC 173-340-440).  To 

implement this statutory mandate, Ecology has established cleanup standards and requirements 

for the cleanup of hazardous waste sites (cleanup actions).  The pilot study must comply with the 

MTCA regulations and, as such, MTCA is an ARAR for the pilot study. 

The Sediment Management Standards (SMS) criteria are used to “reduce and ultimately eliminate 

adverse effects on biological resources and significant health threats to humans from surface 

sediment contamination” (RCW 70.105D; WAC 173-204).  The pilot study has been designed to 

reduce exposures of aquatic organisms from contaminants in sediments.  The ENR material will 

not exceed the lowest cleanup levels for metals and PCBs shown in the Lower Duwamish 

Waterway Record of Decision (U.S. EPA 2014) Tables 19 and 20. 

The pilot study design requires the use of imported “clean” material, which will be tested before 

placement in the plots.  The ENR material will be required to have nondetectable concentrations of 

PCBs at or below 2 µg/kg dry-weight (the lowest LDW cleanup goal for PCBs) as measured by 

congeners).  All ENR materials will be sampled and submitted for chemical analyses before it is 

authorized for use. 

7.2.2 Water Pollution Control Act, Water Quality Standards, and Aquatic Life 
Criteria 

The Washington State Water Pollution Control Act authorizes the state to maintain the highest 

possible standards to ensure the purity of all waters of the state consistent with public health and 

public enjoyment; the propagation and protection of wildlife, birds, game, fish, and other aquatic 

life; and the industrial development of the state (RCW 90.48).  The state requires the use of all 

known available and reasonable methods by industries and others to prevent and control pollution 

of the waters of Washington. 

Washington’s water quality standards (WAC 173-201A) and numerical aquatic life criteria (WAC 

173-201A-240) for surface waters establish water quality standards that are consistent with public 

health and public enjoyment of the waters and the propagation and protection of fish, shellfish, and 

wildlife, pursuant to the provisions of Chapter 90.48 RCW.  The pilot study has the potential to 

intermittently alter water quality in the LDW on a short-term basis during construction and, 
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therefore, must demonstrate compliance with the state water quality standards.  Under CERCLA, 

the EPA will issue a Section 401 water quality memo.  A WQMP has been prepared for the pilot 

study and will be implemented during in-water construction activities to ensure that project-related 

activities are conducted in such a way as to be consistent with the state’s water quality standards. 

The surface water criteria will be at least as stringent as all of the following: (1) all of the water 

quality standards in WAC 173-201A; (2) the ambient water quality criteria, unless it can be 

demonstrated that such criteria are not relevant and appropriate for the LDW or for a specific 

hazardous substance; and (3) the National Toxics Rule. 

BMPs are described in the WQMP (Appendix F) and the CQAPP (Appendix C).  These BMPs 

primarily focus on reducing turbidity, which is the parameter that has the highest potential for 

exceeding the water quality criteria. 

7.2.3 Solid Waste Management Act 

The Solid Waste Management Act regulations govern the disposal of nonhazardous waste 

generated during removal activities.  The Solid Waste Management Act sets minimum functional 

performance standards for the proper handling and disposal of solid waste, identifies functions 

necessary to ensure effective solid waste handling at both the state and local level, and 

establishes priorities for the management of solid waste (RCW 70.95; WAC 173-350). 

The pilot study will not be a removal action; however, small quantities of solid waste (i.e., residual 

sediments collected as part of sediment sampling) may be generated during post placement 

monitoring.  Residual sediments collected as part of post placement monitoring are expected to be 

nonhazardous wastes and will be disposed in a manner consistent with the Solid Waste 

Management Act.  Therefore, the pilot study is expected to be substantively compliant with the 

Solid Waste Management Act. 

7.2.4 Dangerous Waste Management  

The Dangerous Waste Management regulations establish a comprehensive statewide framework 

for the planning, regulation, control, and management of hazardous waste that will prevent land, 

air, and water pollution and conserve the natural, economic, and energy resources of the state 

(RCW 70.105; WAC 173-303).  State dangerous waste is defined more broadly than federal 

hazardous waste. 

Dredging or generation of solid waste, with the exception of small volumes of sediment generated 

during post placement monitoring, will not be components of the pilot study.  Based on the LDW RI 

and the sampling results from the candidate plots for the pilot study, hazardous/dangerous waste is 
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not expected in LDW sediments.  If it is encountered, the pilot study will comply with the state 

generator rules for accumulating or managing such waste on site for up to 90 days (40 CFR 262; 

WAC 173-303-17-202).  Unanticipated circumstances could necessitate compliance with other 

hazardous/dangerous waste requirements. 

7.2.5 Construction Projects in State Waters and Hydraulics Project Approval 
Regulations 

Regulations governing construction in state waters below the ordinary high water mark are 

established by RCW 77.55, Construction Projects in State Waters, and by the Hydraulic Code 

regulations (RCW 77.65; WAC 220-110).  These regulations protect fish and shellfish during 

in-water construction.  The requirements are being addressed by the conservation measures and 

BMPs that will be incorporated into the pilot study.  The conservation measures and BMPs are 

described in the CQAPP (Appendix C), the WQMP (Appendix F), and the BE (Appendix B). 

7.2.6 Dredged Materials Management Program 

The Dredged Materials Management Program (DMMP) is an interagency program that oversees 

the disposal and beneficial use of sediments dredged from the waters of Washington (RCW 

79.105.500; WAC 332-30-166).  The program exists to facilitate navigation and maritime 

commerce, while guaranteeing the protection of Washington’s aquatic environment. 

Although listed as an ARAR in the ROD for the LDW Superfund site (U.S. EPA, 2014), dredging 

will not be a component of the pilot study; therefore, the DMMP will not apply for the pilot study.  

(Dredging is not an expected part of the pilot study except for potential material movement in the 

event of material over placement that interferes with navigation.  In such case, recently placed 

material in excess of project activities would be relocated to the perimeter of the appropriate 

subplot.) 

7.2.7 Bald Eagle Protection Rules  

The purpose of the Bald Eagle Protection Rules is to protect the habitat and maintain the 

population of the bald eagle so that the species is not classified as threatened, endangered, or 

sensitive in Washington (RCW 77.12.655; WAC 232-12-292).  This is accomplished by promoting 

cooperative efforts for managing eagle habitat needs by a process that is sensitive to the goals of 

the landowner. 

Taking or harming eagles, their eggs, nests, or young is prohibited; the substantive requirements 

for the protection of bald eagle habitat including nesting, perching, and roosting sites will be met 
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during implementation of the pilot study.  The pilot study is not expected to have adverse impacts 

to bald eagles as described in Section 7.1.9. 

7.2.8 Shoreline Management Act; City of Seattle Master Plan; City of Tukwila 
Master Plan 

The Shoreline Management Act (SMA) manages appropriate uses and developments along 

shorelines of the state by means of state-monitored, locally administered permitting programs 

(RCW 90.58 and related rules).  The act establishes preferences for water-dependent uses, 

protection of shoreline ecological resources, and public access within the shoreline jurisdiction, 

defined as aquatic areas and lands within 200 feet of the ordinary high water mark.  Consistent 

with state Enrolled Senate Bill 1653, shoreline critical areas are regulated under the local Shoreline 

Master Program regulations (City of Seattle [SMC 23.60] and City of Tukwila [TMC 18.44]). 

As stated in the beginning of this section, for CERCLA actions such as the pilot study, regulatory 

permits are not required for on-site actions, but on-site actions must be conducted in a manner that 

meets the substantive provisions of applicable regulatory requirements. 

There are three basic policy areas to the SMA: shoreline use, environmental protection and public 

access.  The SMA emphasizes accommodation of appropriate uses that require protection of 

shoreline environmental resources and protection of the public's right to access and use the 

shorelines.  Under environmental protection, the SMA is intended to protect shoreline natural 

resources, including “...the land and its vegetation and wildlife, and the water of the state and their 

aquatic life...” against adverse effects (RCW 90.58.020).  All allowed uses are required to mitigate 

adverse environmental impacts to the maximum extent feasible and preserve the natural character 

and aesthetics of the shoreline. 

The pilot study will evaluate the effectiveness of ENR+AC compared to ENR alone as a remedial 

sediment cleanup action in three areas of the LDW in which sediments are contaminated with 

polychlorinated biphenyls (PCBs).  The proposed action is expected to reduce exposure to PCBs 

in aquatic biota within the LDW over a total area of three acres.  The intent and expected results of 

the pilot study will be consistent with the SMA, as well as the Shoreline Master Programs (SMP) of 

the cities of Seattle and Tukwila by: 

 Protecting “…the water of the state and their aquatic life...”; 

 Protecting shoreline resources; and 

 Not adversely affecting shoreline use or public access adjacent to the three plot areas. 
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7.2.9 Washington Clean Air Act  

The Washington Clean Air Act (WCAA) was enacted to protect and enhance the air quality for 

current and future generations (RCW 70.94; WAC 173-400).  The intent of the WCAA is to secure 

and maintain levels of air quality that protect human health and safety, including the most sensitive 

members of the population; to comply with the requirements of the federal Clean Air Act; to prevent 

injury to plants, animal life, and property; to foster the comfort and convenience of Washington’s 

inhabitants; to promote the economic and social development of the state; and to facilitate the 

enjoyment of the natural attractions of the state. 

Reasonable precautions must be taken to (1) prevent the release of air contaminants, (2) prevent 

fugitive dust from becoming airborne, and (3) maintain and operate the source to minimize 

emissions.  The BMPs implemented as part of the pilot study, are expected to result in compliance 

with the WCAA. 

7.2.10 Noise Control Act and City of Seattle and City of Tukwila Noise Ordinances 

The Noise Control Act of 1974 controls noise levels that adversely affect the health, safety, and 

welfare of the people, the value of property, and the quality of the environment (RCW 70.107; WAC 

173-60-040-050).  Under this act, anti-noise measures have expanded efforts statewide to abate 

and control noise, considering the social and economic impact on the community and the state. 

Maximum noise levels at specified times for specified durations have been established (WAC 173-

60-040) and are subject to exemptions specified in WAC 173-60-050, including Section 050(3)(a) 

(sounds originating from temporary construction sites as a result of construction activity) and 

Section (3)(f) (sounds created by emergency equipment and work necessary in the interests of law 

enforcement or for health, safety, or welfare of the community). 

During the construction of the pilot plots, noise monitoring is not expected to be conducted.  Given 

the location of the pilot study in the heavily industrialized LDW, the construction of the plots is not 

expected to generate noise levels that are out of compliance with the Noise Control Act, the City of 

Seattle Noise Ordinance (SMC 25.08), or the City of Tukwila Noise Ordinance (TMC 8.22).  In 

addition, work will likely take place on weekdays during daylight hours, further reducing the need 

for noise monitoring. 

7.3 OTHER CONSIDERATIONS 

7.3.1 Environment Justice 

Environmental justice is defined by the EPA as “…the fair treatment and meaningful involvement of 

all people regardless of race, color, national origin, or income with respect to the development, 
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implementation, and enforcement of environmental laws, regulations, and policies.”  Through 

stakeholder engagement process, the EPA and Ecology will facilitate the involvement of 

Georgetown and South Park, which are environmental justice communities potentially affected by 

the pilot study.  By means of stakeholder engagement, these communities and the public will have 

a forum to participate in decisions about the construction and monitoring associated with the pilot 

study. 

7.3.2 Tribal Treaty Rights 

Tribal rights are being respected by means of EPA consultation, stakeholder engagement, and 

additional coordination that is typical of King County construction projects within tribal usual and 

accustomed harvest areas.  The Muckleshoot Indian Tribe and the Suquamish Tribe are members 

of the stakeholder group and have been involved in meetings with the EPA, Ecology, and LDWG.  

The construction and long-term monitoring associated with the pilot study will be coordinated with 

the Muckleshoot Indian and Suquamish Tribes to reduce impacts on tribal fishers.  The contractor 

will not be allowed to perform in-water work associated with the placement of ENR and ENR+AC 

materials while tribal fishers are conducting netfishing activities in the LDW that are granted by 

treaty and they will be notified in advance of any construction activities at each plot. 

8.0 BIOLOGICAL EVALUATION 

A BE has been conducted for the pilot study; it is included in this report as Appendix B.  The BE 

assessed potential effects of the pilot study on existing environmental conditions in the LDW, listed 

species using the LDW, and the critical habitats of listed species in the LDW.  The BE included an 

assessment of potential impacts of the pilot study on EFH, which is described in an attachment to 

the BE. 

The pilot study is not expected to substantially alter existing environmental conditions within the 

LDW. Potential impacts on existing environmental conditions in the action area defined for the BE 

are the following: 

 Placement of ENR and ENR+AC may result in temporary and localized increases in 
water column turbidity. 

 Physical (grain size) and organic carbon sediment characteristics of sediments within 
the three plots, covering a total of approximately 3 acres, may be altered in the short 
term when compared to those of the surrounding sediments.  In the long term, these 
characteristics of the sediment are expected to return to current conditions by means of 
natural riverine processes and deposition. 

 ENR and ENR+AC will reduce exposure of aquatic organisms to 3 acres of PCB-
contaminated sediments. 
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 The ENR and ENR+AC materials placed during the pilot study will be approximately 6 
to 9 inches thick and are not expected to substantially alter the bathymetry in the pilot 
plots. 

 Placement of ENR and ENR+AC will bury 3 acres of benthic habitat; however, two of 
the pilot plots are located subtidally in areas unlikely to provide preferred foraging 
habitat for juvenile salmonids.  Therefore, the temporary reduction in foraging 
opportunities for juvenile salmonids is expected to be restricted to just 1 acre at the 
intertidal plot. 

 The pilot study will have no effect on access and refugia; flow, current patterns, and 
saltwater-freshwater mixing; marine macroalgae and macrophytes; forage fish; or 
ambient noise. 

The pilot study may affect, but is not likely to adversely affect Puget Sound Chinook salmon, 

Coastal/Puget Sound bull trout, and Puget Sound steelhead trout.  The continued existence of 

Dolly Varden will not be jeopardized by the pilot study.  The pilot study will have no effect on 

three species of listed rockfish. 

The pilot study may affect, but is not likely to adversely affect some of the primary constituent 

elements (PCEs) of the critical habitats for Puget Sound Chinook salmon, Coastal/Puget Sound 

bull trout, and Puget Sound steelhead trout, while having no effect on the remaining PCEs for the 

critical habitats of those species. 
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Figure 1
Overview Map of Pilot Plot Areas

1.1

1.3

1.2

3.9

Scour Plot

Subtidal Plot

Intertidal Plot

Plots

0.3 River Miles

Legend

£
0 1,000 2,000

Feet



ENR Only
East Lane

ENR+AC
West Lane

1.2

1.2

CH0030:
Total PCBs µg/kg DW: 83 J
Total PCBs mg/kg-OC: 4.3 J

DR075:
Total PCBs µg/kg DW: 118
Total PCBs mg/kg-OC: 5.11

LDW-PILOT6A-SS1:
Total PCBs µg/kg DW: 460
Total PCBs mg/kg-OC: 28

LDW-PILOT6A-SS2:
Total PCBs µg/kg DW: 202
Total PCBs mg/kg-OC: 10.4

LDW-PILOT6A-SS3:
Total PCBs µg/kg DW: 290
Total PCBs mg/kg-OC: 13

LDW-PILOT6A-SS4:
Total PCBs µg/kg DW: 1530
Total PCBs mg/kg-OC: 80.5

LDW-PILOT6B-SS1:
Total PCBs µg/kg DW: 2900
Total PCBs mg/kg-OC: 180

LDW-PILOT6B-SS2:
Total PCBs µg/kg DW: 1470
Total PCBs mg/kg-OC: 116

LDW-PILOT6B-SS4:
Total PCBs µg/kg DW: 450 J
Total PCBs mg/kg-OC: 68 J

LDW-SS40:
Total PCBs µg/kg DW: 510 J
Total PCBs mg/kg-OC: 27 J

-10

-20

-30

-10

-20

0

-30

-20

-30

-20

-30

-30

0
0

0

0

-30

-20

I:\GIS\Projects\AMEC-KC-ENR\MXD\Document 2015_0422\Figure 2 Subtidal Plot.mxd
10/19/2015

Figure 2
Subtidal Plot

Legend
Total PCBs Sample Location
Plot Area
Sampling Area Buffer
10 ft contour
5 ft contour
1 ft contour
Navigation Channel
River Mile Markers

Notes:
 · All results are for surface sediments (0-10 cm).
 · Units for analytical results are in µg/kg DW or mg/kg-OC.
 · Bathymetry units are in feet MLLW.
 · Orthoimage provided by USGS, 2012.
Abbreviations:
   AC = Activated Carbon
   cm = centimeter
   DW = Dry Weight
   ENR = Enhanced Natural Recovery
   J = Concentration is estimated but acceptable for most uses
   µg/kg = micrograms per kilogram
   mg/kg-OC = milligrams per kilogram organic carbon normalized
   OC = Organic carbon normalized
   PCB = Polychlorinated biphenyl
   MLLW = Mean Lower Low Water1.2
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Figure 3
Scour Plot

Notes:
 · All results are for surface sediments (0-10 cm).
 · Units for analytical results are in µg/kg DW 
    or mg/kg-OC.
 · Bathymetry units are in feet MLLW.
 · Orthoimage provided by USGS, 2012.
Abbreviations:
   AC = Activated Carbon
   cm = centimeter
   DW = Dry Weight
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   J = Concentration is estimated but acceptable for most uses
   µg/kg = micrograms per kilogram
   mg/kg-OC = milligrams per kilogram organic carbon normalized
   OC = Organic carbon normalized
   PCB = Polychlorinated biphenyl
   MLLW = Mean Lower Low Water
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Figure  4
Inte rtid al Plot
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APPENDIX A 

Plot Selection Memorandum and U.S. Environmental Protection Agency Approval 
  







































































































































































* Normally extends over a 2-year period

(Source: Ecology, 1980)
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ATTACHMENT A 

Species Lists from NOAA-Fisheries, USFWS, and WDFW PHS Program 
  



Federally ESA listed fish species for Washington State
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Northern DPS Species of concern 15-Apr-04 - - X X X

Southern DPS Threatened 6-Apr-05 X I X X X

Cherry Point subpopulation Not warranted 1-Jun-05 - - X X

Georgia Basin DPS Not warranted 1-Jun-05 - - X X

Pacific Cod Pacific Cod DPS Not warranted 24-Nov-00 - - X X

Pacific Hake Georgia Basin DPS Species of concern 24-Nov-00 - - X X

Walleye Pollack Lower Boreal Pacific DPS Not warranted 24-Nov-00 - - X X

Osmeridae Eulachon Southern DPS Threatened 17-May-10 I I X X X

Pacific Lamprey - Not warranted 27-Dec-04 - - X X X X X X

River Lamprey - Not warranted 27-Dec-04 - - X X X X X X

Western Brook Lamprey - Not warranted 27-Dec-04 - - X X X X X X

Columbia River DPS Threatened 10-Jul-98 X X X X X X

Puget Sound / Coastal DPS Threatened 1-Dec-99 X X X X

Puget Sound / Strait of Georgia DPS Not warranted 5-Apr-99 - - X

Olympic Peninsula DPS Not warranted 5-Apr-99 - - X

SW Washington / Lower Columbia River DPS Not warranted 25-Feb-10 - - X X

Cutthroat Trout (Westslope) - Not warranted 14-Apr-00 - - X X

Lower Columbia River ESU Threatened 24-Mar-99 X X X

Middle Columbia River Spring-run ESU Not warranted 9-Mar-98 - - X

Puget Sound ESU Threatened 24-Mar-99 X X X

Snake River Fall-run ESU Threatened 22-Apr-92 X X X

Snake River Spring/Summer-run ESU Threatened 22-Apr-92 X X X

Upper Columbia River Spring-run ESU Endangered 22-Apr-99 X X X

Upper Columbia River Summer/Fall-run ESU Not warranted 9-Mar-98 - - X

Washington Coast ESU Not warranted 9-Mar-98 - - X

Columbia River ESU Threatened 25-Mar-99 X X X X

Hood Canal Summer-run ESU Threatened 25-Mar-99 X X X

Pacific Coast ESU Not warranted 10-Mar-98 - - X

Puget Sound / Strait of Georgia ESU Not warranted 10-Mar-98 - - X

Lower Columbia River ESU Threatened 28-Jun-05 I X X

Olympic Peninsula ESU Not warranted 25-Jul-95 - - X

Puget Sound / Strait of Georgia ESU Species of concern 15-Apr-04 - - X X

Southwest Washington ESU Undetermined - - - X X

Kokanee Lake Sammamish DPS Candidate 6-May-08 - - X

Even-year ESU Not warranted 4-Oct-95 - - X

Odd-year ESU Not warranted 4-Oct-95 - - X

Baker River ESU Not warranted 25-Mar-99 - - X

Lake Pleasant ESU Not warranted 10-Mar-98 - - X

Lake Wenatchee ESU Not warranted 10-Mar-98 - - X

Okanogan River ESU Not warranted 10-Mar-98 - - X

Ozette Lake ESU Threatened 25-Mar-99 X X X

Quinault Lake ESU Not warranted 10-Mar-98 - - X

Snake River ESU Endangered 20-Nov-91 X X X

Lower Columbia River DPS Threatened 19-Mar-98 X X X

Middle Columbia River DPS Threatened 19-Mar-98 X X X X

Olympic Peninsula DPS Not warranted 9-Aug-96 - - X

Puget Sound DPS Threatened 11-Jun-07 I X X

Snake River Basin DPS Threatened 18-Aug-97 X X X

Southwest Washington DPS Not warranted 9-Aug-96 - - X X

Upper Columbia River DPS Threatened 24-Aug-09 X X X

Black Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Blue Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Bocaccio Georgia Basin DPS Endangered 27-Jul-10 I I X

Brown Rockfish Puget Sound population Not warranted 3-Apr-01 - - X X

Canary Rockfish Georgia Basin DPS Threatened 27-Jul-10 I I X

China Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Copper Rockfish Puget Sound population Not warranted 3-Apr-01 - - X X

Greenstripe Rockfish Puget Sound DPS Not warranted 23-Apr-09 - - X

Quillback Rockfish Puget Sound population Not warranted 3-Apr-01 - - X X

Redstripe Rockfish Puget Sound DPS Not warranted 23-Apr-09 - - X

Tiger Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Widow Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Yelloweye Rockfish Georgia Basin DPS Threatened 27-Jul-10 I I X

Yellowtail Rockfish Puget Sound population Not warranted 21-Jun-99 - - X X

Acipeneridae Green Sturgeon

Cluperidae Pacific Herring

Gadidae

 1  "-" - No designation; "I" - Designation in progress; "X" - Designation finalized

Scorpaenidae

Petromyzontidae

Steelhead

Pink Salmon

Bull Trout

Salmonidae

Cutthroat Trout (Coastal)

Chinook Salmon

Chum Salmon

Coho Salmon

Sockeye Salmon

bob.stuart
Typewritten text
http://wdfw.wa.gov/conservation/endangered/esa/federally_listed_esa_fish.pdf
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Green Sturgeon Critical Habitat 
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LISTED AND PROPOSED ENDANGERED AND THREATENED SPECIES AND CRITICAL 
HABITAT; CANDIDATE SPECIES; AND SPECIES OF CONCERN  

IN KING COUNTY  
AS PREPARED BY  

THE U.S. FISH AND WILDLIFE SERVICE 
WASHINGTON FISH AND WILDLIFE OFFICE 

 
(Revised September 3, 2013) 

 
LISTED 
 
Bull trout (Salvelinus confluentus) 
Canada lynx (Lynx canadensis) 
Gray wolf (Canis lupus)  
Grizzly bear (Ursus arctos = U. a. horribilis)  
Marbled murrelet (Brachyramphus marmoratus)  
Northern spotted owl (Strix occidentalis caurina)  
 
Major concerns that should be addressed in your Biological Assessment of project impacts to 
listed animal species include: 
 

1. Level of use of the project area by listed species. 
 

2. Effect of the project on listed species' primary food stocks, prey species, and 
foraging areas in all areas influenced by the project. 
 

3. Impacts from project activities and implementation (e.g., increased noise levels, 
increased human activity and/or access, loss or degradation of habitat) that may 
result in disturbance to listed species and/or their avoidance of the project area. 

 
 
Castilleja levisecta (golden paintbrush) [historic] 
 
Major concerns that should be addressed in your Biological Assessment of project 
impacts to listed plant species include: 
 

1. Distribution of taxon in project vicinity. 
 

2. Disturbance (trampling, uprooting, collecting, etc.) of individual plants and 
loss of habitat. 

 
1. Changes in hydrology where taxon is found. 
 
 

DESIGNATED 
 
Critical habitat for bull trout  
Critical habitat for the marbled murrelet  
Critical habitat for the northern spotted owl  
 
 
 

bob.stuart
Typewritten text
http://www.fws.gov/wafwo/ speciesmap/KING.html
Accessed 02/21/15



 
PROPOSED 
 
North American wolverine (Gulo gulo luteus) – contiguous U.S. DPS 
Oregon spotted frog (Rana pretiosa) [historical] 
 
 
CANDIDATE 
 
Fisher (Martes pennanti) – West Coast DPS 
Yellow-billed cuckoo (Coccyzus americanus) 
Pinus albicaulis (whitebark pine) 
 
 
SPECIES OF CONCERN 
 
Bald eagle (Haliaeetus leucocephalus) 
Beller's ground beetle (Agonum belleri) 
Cascades frog (Rana cascadae) 
Hatch's click beetle (Eanus hatchi) 
Larch Mountain salamander (Plethodon larselli) 
Long-eared myotis (Myotis evotis) 
Long-legged myotis (Myotis volans) 
Northern goshawk (Accipiter gentilis) 
Northern sea otter (Enhydra lutris kenyoni) 
Northwestern pond turtle (Emys (= Clemmys) marmorata marmorata) 
Olive-sided flycatcher (Contopus cooperi) 
Pacific lamprey (Lampetra tridentata)  
Pacific Townsend’s big-eared bat (Corynorhinus townsendii townsendii)  
Peregrine falcon (Falco peregrinus) 
River lamprey (Lampetra ayresi) 
Tailed frog (Ascaphus truei) 
Valley silverspot (Speyeria zerene bremeri) 
Western toad (Bufo boreas) 
Aster curtus (white-top aster) 
Botrychium pedunculosum (stalked moonwort) 
Cimicifuga elata (tall bugbane) 



SOURCE DATASET:

WASHINGTON DEPARTMENT OF FISH AND WILDLIFE
PRIORITY HABITATS AND SPECIES REPORT

REPORT DATE:
P150221161315PHSPlusPublic

02/21/2015 4.13
Query ID:

Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Breeding area PointsN/A

NA

175022
AS MAPPED

N/ASEATTLE W.
SBirdCat

Alcids (possibly others)

PHS LISTED

Catalog of Washington Seabirds

http://wdfw.wa.gov/publications/pub.php?

NBreeding Area

Nest
http://wdfw.wa.

PointsSensitive

1/4 mile (Quarter

63325

March 22, 2002

AS MAPPED

Fed Spp ConcernWEST MARGINAL WAY
WS_OccurPoint

Bald eagle

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.

N
Haliaeetus leucocephalus

Breeding Area

Management buffer PolygonsSensitive

NA

AS MAPPED

Fed Spp ConcernNot Given
BaldEagle_Bf

Bald eagle

PHS Listed

WDFW Wildlife Program

http://wdfw.wa.

N
Haliaeetus leucocephalus

Breeding Area

Management buffer PolygonsSensitive

NA

AS MAPPED

Fed Spp ConcernNot Given
BaldEagle_Bf

Bald eagle

PHS Listed

WDFW Wildlife Program

http://wdfw.wa.

N
Haliaeetus leucocephalus

Breeding Area

N/A PolygonsN/A

1/4 mile (Quarter

915024
AS MAPPED

N/ACHEASTY GREENSPACE -
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

N/A PolygonsN/A

1/4 mile (Quarter

915023
AS MAPPED

N/AWEST DUWAMISH
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

N/A PolygonsN/A

1/4 mile (Quarter

915030
AS MAPPED

N/ACAMP LONG-LONGFELLOW
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

02/21/2015 4.13 1
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Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

N/A PolygonsN/A

1/4 mile (Quarter

915033
AS MAPPED

N/ADEARBORN PARK-MAPLE
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

N/A PolygonsN/A

1/4 mile (Quarter

915041
AS MAPPED

N/AEAST DUWAMISH
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

N/A PolygonsN/A

1/4 mile (Quarter

902290
AS MAPPED

N/ASEAHURST-INGLESEA
PHSREGION

Biodiversity Areas And

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

NTerrestrial Habitat

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

8132
AS MAPPED

ThreatenedDuwamish River
SASI

Bull Trout

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Salvelinus malma

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

8132
AS MAPPED

Threatened
SASI

Bull Trout

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Salvelinus malma

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

8132
AS MAPPED

ThreatenedDuwamish Waterway
SASI

Bull Trout

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Salvelinus malma

Occurrence

Haulout PolygonsN/A

1/4 mile (Quarter

904461
AS MAPPED

N/A
PHSREGION

California sea lion

PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Zalophus californianus

Haulout

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

1160
AS MAPPED

ThreatenedDuwamish River
SASI

Chinook

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Occurrence

02/21/2015 4.13 2



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

1160
AS MAPPED

Threatened
SASI

Chinook

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

1160
AS MAPPED

ThreatenedDuwamish Waterway
SASI

Chinook

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2143
AS MAPPED

Not WarrantedDuwamish River
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2154
AS MAPPED

Not WarrantedDuwamish River
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2143
AS MAPPED

Not Warranted
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2154
AS MAPPED

Not Warranted
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2143
AS MAPPED

Not WarrantedDuwamish Waterway
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

2154
AS MAPPED

Not WarrantedDuwamish Waterway
SASI

Chum

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence

02/21/2015 4.13 3



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40726
AS MAPPED

N/ADuwamish River
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Breeding area
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40727
AS MAPPED

N/ADuwamish River
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Breeding Area

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

41160
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

41509
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

42624
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

42625
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

42698
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43626
AS MAPPED

N/ADuwamish Waterway
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

02/21/2015 4.13 4



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43875
AS MAPPED

N/A
FISHDIST

Coho

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence/Migration

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

CandidateDuwamish River
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

02/21/2015 4.13 5



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

CandidateDuwamish Waterway
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

3140
AS MAPPED

Candidate
SASI

Coho

PHS Listed

WDFW Fish Program

http://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus kisutch

Occurrence

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40728
AS MAPPED

N/ADuwamish River
FISHDIST

Dolly Varden/ Bull Trout

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Salvelinus malma

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43627
AS MAPPED

N/ADuwamish Waterway
FISHDIST

Dolly Varden/ Bull Trout

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Salvelinus malma

Occurrence/Migration

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

ESTUARINE INTERTIDAL

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

ESTUARINE INTERTIDAL

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

ESTUARINE INTERTIDAL

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

N/A PolygonsN/A

1/4 mile (Quarter

904754
AS MAPPED

N/A
PHSREGION

Esturine Zone

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.

NAquatic Habitat

02/21/2015 4.13 6



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40722
AS MAPPED

N/ADuwamish River
FISHDIST

Fall Chinook

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Occurrence/Migration

Breeding area
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40723
AS MAPPED

N/ADuwamish River
FISHDIST

Fall Chinook

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Breeding Area

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43624
AS MAPPED

N/ADuwamish Waterway
FISHDIST

Fall Chinook

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus tshawytscha

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40724
AS MAPPED

N/ADuwamish River
FISHDIST

Fall Chum

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence/Migration

Breeding area
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40725
AS MAPPED

N/ADuwamish River
FISHDIST

Fall Chum

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Breeding Area

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

41158
AS MAPPED

N/A
FISHDIST

Fall Chum

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence/Migration

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43625
AS MAPPED

N/ADuwamish Waterway
FISHDIST

Fall Chum

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus keta

Occurrence/Migration

Colony PolygonsMonitored

Standard buffer

157

April 15, 2006

AS MAPPED

N/AWEST SEATTLE
WS_OccurPolygon

Great blue heron

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Ardea herodias

Breeding Area

02/21/2015 4.13 7



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Colony PolygonsMonitored

Standard buffer

158

March 24, 2003

AS MAPPED

N/AWEST SEATTLE
WS_OccurPolygon

Great blue heron

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Ardea herodias

Breeding Area

Nest PointsMonitored

1/4 mile (Quarter

69771

June 17, 2005

AS MAPPED

N/ATERMINAL 105
WS_OccurPoint

Osprey

NOT A PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Pandion haliaetus

N/A

Nest PointsMonitored

1/4 mile (Quarter

69872

April 16, 2003

AS MAPPED

N/ATERMINAL 18 SEATTLE
WS_OccurPoint

Osprey

NOT A PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Pandion haliaetus

N/A

Nest PointsMonitored

1/4 mile (Quarter

69874

July 02, 2002

AS MAPPED

N/ABOEING S SEATTLE
WS_OccurPoint

Osprey

NOT A PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Pandion haliaetus

N/A

Nest PointsMonitored

1/4 mile (Quarter

69915

April 16, 2003

AS MAPPED

N/ATERMINAL 115
WS_OccurPoint

Osprey

NOT A PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Pandion haliaetus

N/A

Nest PointsMonitored

1/4 mile (Quarter

69917

April 16, 2003

AS MAPPED

N/AINTERURBAN
WS_OccurPoint

Osprey

NOT A PHS LISTED

WA Dept. of Fish and Wildlife

N/A

N
Pandion haliaetus

N/A

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

PALUSTRINE

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

PALUSTRINE

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

02/21/2015 4.13 8



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

PALUSTRINE

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

PALUSTRINE

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Aquatic habitat PolygonsN/A

NA

AS MAPPED

N/AN/A
NWIPOLY

PALUSTRINE

PHS Listed

US Fish and Wildlife Service

http://www.ecy.wa.

NAquatic Habitat

Nest PointsSensitive

1/4 mile (Quarter

60096

July 09, 2011

AS MAPPED

Fed Spp ConcernWEST SEATTLE BRIDGE
WS_OccurPoint

Peregrine falcon

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Falco peregrinus

Breeding Area

Nest PointsSensitive

1/4 mile (Quarter

60097

June 10, 2009

AS MAPPED

Fed Spp ConcernWEST SEATTLE BRIDGE
WS_OccurPoint

Peregrine falcon

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Falco peregrinus

Breeding Area

Nest PointsSensitive

GPS

106072

June 13, 2009

AS MAPPED

Fed Spp Concern1ST AVENUE S. BRIDGE -
WS_OccurPoint

Peregrine falcon

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Falco peregrinus

Breeding Area

Nest PointsSensitive

GPS

112561

June 10, 2012

AS MAPPED

Fed Spp ConcernWEST SEATTLE BRIDGE
WS_OccurPoint

Peregrine falcon

PHS LISTED

WA Dept. of Fish and Wildlife

http://wdfw.wa.gov/publications/pub.php?

N
Falco peregrinus

Breeding Area

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

40729
AS MAPPED

N/ADuwamish River
FISHDIST

Pink Salmon Odd Year

PHS LISTEDhttp://wdfw.wa.gov/publications/pub.php?

N
Oncorhynchus gorbuscha

Occurrence/Migration

02/21/2015 4.13 9



Priority AreaCommon Name Accuracy Source Entity
Occurrence Type Resolution

Notes Source Date

Site Name

PHS Listing Status
Scientific Name Source Dataset State Status

Mgmt Recommendations

More Information (URL)

Sensitive DataFederal Status

Geometry Type
Source Record

Occurrence/migration
http://wdfw.wa.gov/wlm/diversty/soc/soc.htm

LinesN/A

NA

43628
AS MAPPED

N/ADuwamish Waterway
FISHDIST

Pink Salmon Odd Year
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SPECIES’ LIFE HISTORIES 

1.0 INTRODUCTION 

This document provides brief descriptions of the life histories of species listed under the 

Endangered Species Act (ESA), and those proposed for listing, that may occur in the action area of 

the proposed project. The species discussed herein include: 

• Puget Sound Chinook salmon (Oncorhynchus tshawytscha); 

• Puget Sound steelhead trout (O. mykiss); 

• Coastal/Puget Sound bull trout (Salvelinus confluentus) and  
Dolly Varden (S. malma); 

• Bocaccio (Sebastes paucispinis); 

• Yelloweye rockfish (S. ruberrimus); and 

• Canary rockfish (S. pinniger). 

2.0 CHINOOK SALMON 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for Puget Sound Chinook salmon. 

2.1 SPECIES DESCRIPTION 

The Chinook salmon is the largest of the Pacific salmon. Also known as “king” salmon, adult 

Chinook salmon migrate from a marine environment into freshwater streams and rivers of their 

birth where they spawn and die. Among Chinook salmon, two distinct races have evolved: 

1. A “stream-type” Chinook is found most commonly in headwater streams. Stream-type 
Chinook salmon have a longer freshwater residency and perform extensive offshore 
migrations before returning to their natal streams in the spring or summer months. 

2. An “ocean-type” Chinook is commonly found in coastal streams in North America. Ocean-
type Chinook typically migrate to sea within the first 3 months of emergence, but they may 
spend up to a year in fresh water prior to emigration. They also spend their ocean life in 
coastal waters. Ocean-type Chinook salmon return to their natal streams or rivers as spring, 
winter, fall, summer, and late-fall runs, but summer and fall runs predominate (Healey, 
1991).  

The difference between these life history types is physical, with both genetic and morphological 

foundations (USACE, 2000). 
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2.2 HABITAT 

Adult female Chinook will prepare a spawning bed, called a redd, in a stream area with suitable 

gravel composition, water depth, and velocity. Redds will vary widely in size and in location within 

the stream or river. The adult female Chinook may deposit eggs in four to five “nesting pockets” 

within a single redd. After laying eggs in a redd, adult Chinook will guard the redd from 4 to 

25 days before dying. Chinook salmon eggs will hatch, depending upon water temperatures, 

between 90 to 150 days after deposition. Streamflow, gravel quality, and silt load all significantly 

influence the survival of developing Chinook salmon eggs. Juvenile Chinook may spend from 

3 months to 2 years in fresh water after emergence and before migrating to estuarine areas as 

smolts, and then into the ocean to feed and mature. Juvenile ocean-type Chinook tend to utilize 

estuaries and coastal areas more extensively for juvenile rearing. Juvenile Chinook salmon feed 

primarily on aquatic insect larvae and terrestrial insects, typically in the nearshore areas. Puget 

Sound Chinook salmon hatch and rear in streams and rivers flowing into Puget Sound and the 

Dungeness River and its tributaries (USACE, 2000). 

2.3 DISTRIBUTION 

The Puget Sound Chinook Evolutionarily Significant Unit (ESU) is listed as threatened under the 

ESA. The range for the Puget Sound Chinook salmon ESU includes all marine, estuarine, and river 

reaches accessible to listed Chinook salmon in Puget Sound. Puget Sound marine areas include 

South Sound, Hood Canal, and North Sound to the international boundary at the outer extent of the 

Strait of Georgia, Haro Strait, and the Strait of Juan De Fuca to a straight line extending north from 

the west end of Freshwater Bay, inclusive. Excluded are areas above Tolt Dam (Washington), 

Lansburg Diversion (Washington), Alder Dam (Washington), and Elwha Dam (Washington) or 

above longstanding, natural impassable barriers (i.e., natural waterfalls in existence for at least 

several hundred years) (USACE, 2000). 

Chinook salmon in the Puget Sound ESU spawn from Dakota Creek north of the Nooksack River in 

the north, through south Puget Sound, into Hood Canal, and out the Strait of Juan de Fuca to the 

Elwha River. These spawning distributions are relatively well known compared to information on 

the location of juvenile rearing areas and historical spawning distributions in most basins 

(Ruckelshaus et al., 2006). 

Ruckelshaus et al. (2006) determined that the following 22 historical populations currently contain 

Chinook salmon:  

1.  North Fork Nooksack River  

2. South Fork Nooksack River  

3. Lower Skagit River  

4. Upper Skagit River  
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5. Cascade River  

6. Lower Sauk River  

7. Upper Sauk River  

8. Suiattle River  

9. North Fork Stillaguamish River  

10. South Fork Stillaguamish River  

11. Skykomish River  

12. Snoqualmie River  

13. Sammamish River  

14. Cedar River  

15. Green/Duwamish River  

16. White River  

17. Puyallup River  

18. Nisqually River  

19. Skokomish River  

20. Mid-Hood Canal Rivers  

21. Dungeness River  

22. Elwha River 

  

2.4 POPULATION TRENDS 

Overall, the natural spawning escapement estimates for Puget Sound Chinook salmon populations 

are improved relative to those at the time of the previous status review of Puget Sound Chinook 

salmon conducted with data through 1997. The differences between population escapement 

estimates based on status assessments using data from 1997 and the present assessment using 

data through 2002 could be due to (1) revised pre-1997 data, (2) differences in which fish are 

counted as part of a population, (3) new information on the fraction of natural spawners that are 

hatchery fish, or (4) true differences reflected in new data on natural spawners obtained over the 

most recent 5 years. The median across populations of the most recent 5-year geometric mean of 

natural escapement for the same 22 populations through 1997 was N = 438 (compared to N = 771 

through 2002), and the range was 1 to 5,400. As was the case at the time of the previous status 

review, it is not possible to determine the status of the natural-origin, natural spawners in half the 

populations of Chinook salmon in Puget Sound. The most dramatic change in recent natural 

escapement estimates from the previous status assessment was in the Green River—the recent 

natural-origin escapement estimate is lower than the previous one by almost 5,000 spawners. This 

apparent drop in natural escapement is probably due primarily to new information about the 

fraction of hatchery fish that are spawning naturally (Good et al., 2005). 

Throughout the ESU, the estimates of trends in natural spawning escapements for Puget Sound 

Chinook salmon populations are similar to the previous status review of Puget Sound Chinook 

salmon conducted with data through 1997. Some populations exhibit improvement in trends 

relative to the last status assessment, and others show more significant declines. The median 

across populations of the long-term trend in natural spawners was a 1.1% decline per year through 

1997, compared to a median estimate indicating a flat trend through 2002. Twelve populations had 

declining long-term trends through 1997, and ten populations had declining long-term trends 
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through 2002. Short-term trends were generally more positive in recent years—the median trend 

across 22 populations through 1997 was a 4% decline per year, and the median trend through 

2002 was a 1.1% increase per year. Fourteen populations showed declining short-term trends at 

the time of the previous status reviews, and only four populations exhibited declining short-term 

trends in recent years. There is a lack information on the fraction of naturally spawning, hatchery-

origin fish for 10 of the 22 populations of Chinook salmon in Puget Sound, so the understanding of 

the trend in natural-origin spawners among populations across the ESU is incomplete (Good et al., 

2005). 

2.5 THREATS 

Habitat throughout the ESU has been blocked or degraded. In general, forest practices impacted 

upper tributaries, and agriculture or urbanization impacted lower tributaries and mainstem rivers. 

Diking for flood control, draining and filling of freshwater and estuarine wetlands, and 

sedimentation due to forest practices and urban development are problematic throughout the ESU. 

Blockages by dams, water diversions, and shifts in flow regime due to hydroelectric development 

and flood control projects are major habitat problems in several basins. A variety of critical habitat 

issues exist for streams in the range of this ESU, including changes in flow regime, sedimentation, 

high temperatures, streambed instability, estuarine loss, loss of large woody debris, loss of pool 

habitat, and blockage or passage problems associated with dams or other structures (Good et al., 

2005). 

The Puget Sound Salmon Stock Review Group of the Pacific Fishery Management Council (PFMC, 

1997) provided an extensive review of habitat conditions for several stocks in this ESU. It 

concluded that reductions in habitat capacity and quality have contributed to escapement problems 

for Puget Sound Chinook salmon, citing evidence of direct losses of tributary and mainstem habitat 

due to dams, and of slough and side-channel habitat due to diking, dredging, and 

hydromodification. It also cited reductions in habitat quality due to land management activities. 

Eleven out of 29 stocks in this ESU are classified as being sustained, in part, through artificial 

propagation. Nearly 2 billion fish have been released into Puget Sound tributaries since the 1950s 

(Good et al., 2005). The vast majority of these fish were derived from local returning fall-run adults. 

Returns to hatcheries have accounted for 57% of total spawning escapement, although the 

hatchery contribution to spawner escapement is probably much higher than that due to hatchery-

derived strays on the spawning grounds. Almost all releases into this ESU have come from stocks 

within this ESU, with the majority of within-ESU transfers coming from the Green River hatchery or 

hatchery broodstocks derived from Green River stock (Good et al., 2005). The electrophoretic 

similarity between Green River fall-run Chinook salmon and several other fall-run stocks in Puget 

Sound suggests that there may have been a significant effect from some hatchery transplants. 
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Overall, the pervasive use of Green River stock throughout much of the extensive hatchery 

network that exists in this ESU may reduce the genetic diversity and fitness of naturally spawning 

populations (Good et al., 2005). 

Harvest impacts on Puget Sound Chinook salmon stocks were quite high. Ocean exploitation rates 

on natural stocks averaged 56 to 59%; total exploitation rates averaged 68 to 83% (1982 to 1989 

brood years). Total exploitation rates on some stocks have exceeded 90% (Good et al., 2005).  

Previous assessments of stocks within this ESU identified several stocks as being at risk or of 

concern (Good et al., 2005). 

2.6 CONSERVATION EFFORTS 

On January 19, 2007, the National Oceanic and Atmospheric Administration (NOAA) National 

Marine Fisheries Services (NOAA-Fisheries) adopted the final ESA-recovery plan for Puget Sound 

Chinook salmon. Under the ESA, a recovery plan must have quantitative recovery criteria and 

goals, identify threats to survival, site-specific management strategies and actions necessary to 

address the threats, cost estimates of the actions, and a schedule for implementation. A monitoring 

and adaptive management program is also included in the recovery plan. In addition to the general 

requirements, this plan was directed by the recovery criteria developed by the group of scientists 

appointed by NOAA-Fisheries and the Puget Sound Technical Recovery Team. 

3.0 PUGET SOUND STEELHEAD TROUT 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for Puget Sound steelhead trout. 

3.1 SPECIES DESCRIPTION 

The life history of steelhead trout is one of the most complex of any of the salmonid species. The 

species exhibits both anadromous forms (steelhead) and resident forms (usually referred to as 

rainbow or redband trout). They reside in the marine environment for 2 to 3 years before returning 

to their natal stream to spawn as 4- or 5-year-old fish. Unlike Pacific salmon, steelhead trout are 

iteroparous or capable of spawning more than once before they die. However, it is rare for 

steelhead to spawn more than twice before dying, and those that do are usually females (USACE, 

2000). 

Biologically, steelhead can be divided into two reproductive ecotypes, based on their state of 

sexual maturity at the time of river entry. These two ecotypes are termed “stream-maturing” and 

“ocean-maturing.”  Stream-maturing steelhead enter fresh water in a sexually immature condition 
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and require from several months to a year to mature and spawn. These fish are often referred to as 

“summer-run” steelhead. Ocean-maturing steelhead enter fresh water with well-developed gonads 

and spawn shortly after river entry. These fish are commonly referred to as “winter-run” steelhead. 

In the Columbia River Basin essentially all steelhead that return to streams east of the Cascade 

Mountains are stream-maturing. Ocean-maturing fish are the predominate ecotype in coastal 

streams and lower Columbia River tributaries (USACE, 2000). 

3.2 HABITAT 

Native steelhead in California generally spawn earlier than those to the north with spawning 

beginning in December. Washington populations begin spawning in February or March. Native 

steelhead spawning in Oregon and Idaho is not well-documented. In the Clackamas River in 

Oregon, winter-run steelhead spawning begins in April and continues into June. In the Washougal 

River, Washington, summer-run steelhead spawn from March into June whereas summer-run fish 

in the Kalama River, Washington, spawn from January through April. Among inland steelhead, 

Columbia River populations from tributaries upstream of the Yakima River spawn later than most 

downstream populations. 

Depending on water temperature, fertilized steelhead eggs may incubate in redds for 1.5 to 

4 months before hatching as “alevins.”  Following yolk sac absorption, young juveniles or “fry” 

emerge from the gravel and begin active feeding. Juveniles rear in fresh water for 1 to 4 years, 

then migrate to the ocean as smolts. Downstream migration of wild steelhead smolts in the lower 

Columbia River begins in April, peaks in mid-May and is essentially complete by the end of June 

(FPC, 1993, 1995, 1997). Previous studies of the timing and duration of steelhead downstream 

migration indicate that they typically move quickly through the lower Columbia River estuary with 

an average daily movement of about 21 kilometers (km) (Dawley et al., 1979 and 1980).  

3.2.1 Winter-Run Steelhead 

In general, winter-run, or ocean-maturing steelhead return as adults to the tributaries of Puget 

Sound from December to April (WDF et al., 1973). Spawning occurs from January to mid June, 

with peak spawning occurring from mid-April through May. Prior to spawning, maturing adults hold 

in pools or in side channels to avoid high winter flows.  

Steelhead tend to spawn in moderate to high-gradient sections of streams. In contrast to 

semelparous Pacific salmon, steelhead females do not guard their redds or nests, but return to the 

ocean following spawning (Burgner et al., 1992). Spawned-out females that return to the sea are 

referred to as “kelts” (NOAA-Fisheries, 2005).  
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3.2.2 Summer-Run Steelhead 

The life history of summer-run steelhead is highly adapted to specific environmental conditions. 

Because these conditions are not common in Puget Sound, the relative incidence and size of 

summer-run steelhead populations is substantially less than that for winter-run steelhead. Summer-

run steelhead have also not been widely monitored; in part, because of their small population size 

and the difficulties in monitoring fish in their headwater holding areas. Sufficient information exists 

for only 4 of the 16 Puget Sound summer-run steelhead populations identified in the 2002 Salmon 

Steelhead Inventory (SaSI) to determine the population status (WDFW, 2002).  

3.2.3 Juvenile Life History 

The majority of steelhead juveniles reside in fresh water for 2 years prior to emigrating to marine 

habitats, with limited numbers emigrating as 1- or 3-year old smolts. Smoltification and seaward 

migration occur principally from April to mid-May (WDF et al., 1973). Two-year-old naturally 

produced smolts are usually 140 to 160 millimeters (mm) in length (Wydoski and Whitney, 1979; 

Burgner et al., 1992). The inshore migration pattern of steelhead in Puget Sound is not well 

understood; it is generally thought that steelhead smolts move quickly offshore (Hartt and Dell, 

1986).  

3.2.4 Ocean Migration 

Steelhead oceanic migration patterns are poorly understood. Evidence from tagging and genetic 

studies indicates that Puget Sound steelhead travel to the central North Pacific Ocean (French et 

al., 1975; Hartt and Dell, 1986; Burgner et al., 1992). Puget Sound steelhead feed in the ocean for 

1 to 3 years before returning to their natal stream to spawn. Typically, Puget Sound steelhead 

spend 2 years in the ocean, although, notably, Deer Creek summer-run steelhead spend only a 

single year in the ocean before spawning (NOAA-Fisheries, 2005).  

3.3 DISTRIBUTION 

Steelhead are found in most accessible larger tributaries to Puget Sound and the eastern Strait of 

Juan de Fuca. A survey of the Puget Sound District in 1929 and 1930, which did not include Hood 

Canal, identified steelhead in every major basin except the Deschutes River. The propensity for 

steelhead to spawn in side channels and tributaries during winter and spring months when flows 

are high and visibility is low would likely have resulted in an underreporting of steelhead sightings. 

Additionally, by the late 1920s steelhead abundance had already undergone significant declines 

and many marginal or ephemeral populations may have already disappeared (Hard et al., 2007). 
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3.4 POPULATION TRENDS 

Declining trends in abundance have occurred despite widespread reductions in direct harvest of 

natural steelhead in this ESU since the mid-1990s. Natural run sizes (sum of harvest and 

escapement) for most populations show even more marked declining trends than indicated by 

escapements, indicating the substantially reduced harvest rates for natural fish since the early 

1990s have not resulted in a rebound in steelhead production in Puget Sound. For many of the 

Puget Sound populations, the decline in adult recruits per spawner has been precipitous. 

Populations of summer-run steelhead occur throughout the Puget Sound ESU but are 

concentrated in the northern Puget Sound area, are generally small, and are characterized as 

isolated populations adapted to streams with distinct attributes (Hard et al., 2007). 

3.5 THREATS 

Habitat utilization by steelhead has been most affected by reductions in habitat quality and by 

fragmentation. A number of large dams in Puget Sound basins have affected steelhead. In addition 

to eliminating accessibility to habitat, dams affect habitat quality through changes in river 

hydrology, temperature profile, downstream gravel recruitment, and the movement of large woody 

debris. Many of the lower reaches of rivers and their tributaries in Puget Sound have been 

dramatically altered by urban development. Urbanization and suburbanization have resulted in the 

loss of historical land cover in exchange for large areas of imperious surface (buildings, roads, 

parking lots, etc.) (Hard et al., 2007). 

The loss of wetland and riparian habitat has dramatically changed the hydrology of many urban 

streams, with increases in flood frequency and peak flow during storm events and decreases in 

groundwater-driven summer flows. Flood events result in gravel scour, bank erosion, and sediment 

deposition. Land development for agricultural purposes has also altered the historical land cover; 

however, because much of this development took place in river floodplains, there has been a direct 

impact on river morphology. River braiding and sinuosity have been reduced through the 

construction of dikes, hardening of banks with riprap, and channelizing the mainstem. Constriction 

of rivers, especially during high-flow events, increases likelihood of gravel scour and dislocation of 

rearing juveniles (Hard et al., 2007). 

This ESU is likely to be at elevated risk due to the reduced complexity of spatial structure of its 

steelhead populations and, consequently, diminishing connectivity among them. The declines in 

natural abundance for most populations, coupled with large numbers of anthropogenic barriers 

such as impassable culverts, sharply reduce opportunities for natural adfluvial movement and 

migration between steelhead aggregations in different watersheds. Resident O. mykiss below 

migration barriers in watersheds throughout the ESU may provide short-term buffers against 
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demographic stochasticity in many of these populations. Resident O. mykiss were considered to be 

a relatively minor component of these anadromous populations based on field surveys of juvenile 

fish in fresh water (Hard et al., 2007). 

Reduced harvest levels and recent changes in management of natural steelhead, the recent onset 

of recovery efforts in Puget Sound and Hood Canal for Chinook salmon and summer run chum 

salmon (O. keta) prompted by the listing of those ESUs, and reduced off-site plantings of hatchery 

steelhead were all considered as recent actions that could positively affect Puget Sound steelhead. 

However, the continued releases of out-of-ESU hatchery summer run and winter run steelhead 

throughout the region, reductions in steelhead escapement goals to help support harvest 

opportunities in several systems, evidence for diminishing marine survival rates, a recent increase 

in the Pacific Decadal Oscillation Index reflecting a general change in climate in the region toward 

warmer and drier conditions, increases in pinniped populations in Puget Sound, degradation of 

water quality in Hood Canal and southern Puget Sound, and continued land development and 

urbanization with associated impacts on freshwater habitat are all likely to increase risk to this ESU 

(Hard et al., 2007). 

3.6 CONSERVATION EFFORTS 

Reduced harvest levels and recent changes in management of natural steelhead, the recent onset 

of recovery efforts in Puget Sound and Hood Canal for Chinook salmon and summer run chum 

salmon prompted by the listing of those ESUs, and reduced off-site plantings of hatchery steelhead 

are recent actions that could positively affect Puget Sound steelhead (Hard et al., 2007). 

4.0 COASTAL/PUGET SOUND BULL TROUT AND DOLLY VARDEN 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for Coastal/Puget Sound bull trout and Dolly Varden. Dolly Varden have been 

proposed as threatened under the ESA by the U.S. Fish and Wildlife Service because of the 

similarity of appearance to bull trout. It is assumed that Dolly Varden share many of the same life 

history characteristics of bull trout. 

4.1 SPECIES DESCRIPTION 

Bull trout are native to western North America and are widespread throughout tributaries of the 

Columbia River Basin, including the headwaters in Montana and Canada. Bull trout are generally 

nonanadromous and live in a variety of habitats including small streams, large rivers, and lakes or 

reservoirs. However, Coastal/Puget Sound bull trout are anadromous, migrating and maturing in 

Puget Sound or the Pacific Ocean. They may spend the first 2 to 4 years in small natal streams 
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and then migrate through the larger rivers, lakes, and reservoirs to Puget Sound and the Pacific 

Ocean (USACE, 2000). 

Bull trout exhibit resident and migratory life history strategies through much of the current range 

(Rieman and McIntyre, 1993). Resident bull trout complete their entire life cycle in the tributary (or 

nearby) streams in which they spawn and rear. Migratory bull trout spawn in tributary streams 

where juvenile fish rear from 1 to 4 years before migrating to either a lake (adfluvial), river (fluvial), 

or in certain coastal areas, to salt water (anadromous), where maturity is reached in one of the 

three habitats (Fraley and Shephard, 1989; Goetz, 1989). Resident and migratory forms may be 

found together and it is suspected that bull trout give rise to offspring exhibiting either resident or 

migratory behavior (Rieman and McIntyre, 1993). 

In some stocks of bull trout, maturing adults may begin migrating to spawning grounds in the spring 

or early summer. Female bull trout may deposit up to 5,000 or 10,000 eggs in redds they build, 

depending on their size. The embryos incubate during the fall, winter, and spring, and the surviving 

fry emerge from the redds in April and May. The rate of embryo development is dependent upon 

temperature. After they emerge, the young bull trout disperse upstream and downstream to find 

suitable areas to feed. Feeding areas for Coastal/Puget Sound bull trout include estuaries and 

nearshore marine waters. Young fish feed primarily on aquatic invertebrates in the streams during 

their first 2 or 3 years but become more piscivorous as they get larger (USACE, 2000). 

The bull trout has been eliminated from some of its native range and seriously reduced in 

abundance in most of the remaining drainages. Excessive exploitation, habitat degradation, and 

introductions of exotic species are probably the major causes of the declines (USACE, 2000). 

4.2 HABITAT 

Bull trout have more specific habitat requirements compared to other salmonids (Rieman and 

McIntyre, 1993). Habitat components that appear to influence bull trout distribution and abundance 

include water temperature, cover, channel form and stability, valley form, spawning and rearing 

substrates, and migratory corridors (Oliver, 1979; Pratt, 1984, 1992; Fraley and Shephard, 1989; 

Goetz, 1989; Hoelscher and Bjornn, 1989; Sedell and Everest, 1991; Rieman and McIntyre, 1993, 

1995; Rich, 1996; Watson and Hillman, 1997). Bull trout typically spawn from August to November 

during periods of decreasing water temperatures. However, migratory bull trout frequently begin 

spawning migrations as early as April. Bull trout require spawning substrate consisting of loose, 

clean gravel relatively free of fine sediments (Fraley and Shephard, 1989). Depending on water 

temperature, incubation is normally 100 to 145 days (Pratt, 1992) and, after hatching, juveniles 

remain in the substrate. Time from egg deposition to emergence may surpass 200 days. Fry 

normally emerge from early April through May depending upon water temperatures and increasing 
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streamflows (Pratt, 1992; Ratliff and Howell, 1992). Bull trout are opportunistic feeders with food 

habits primarily a function of size and life history strategy. Resident and juvenile migratory bull trout 

prey on terrestrial and aquatic insects, macro zooplankton, and small fish (Boag, 1987; Goetz, 

1989; Donald and Alger, 1993). Adult migratory bull trout are primarily piscivorous, known to feed 

on various fish species (Fraley and Shephard, 1989; Donald and Alger, 1993).  

4.3 DISTRIBUTION 

The Coastal/Puget Sound bull trout distinct population segment (DPS) is listed as threatened under 

the ESA. The Coastal/Puget Sound bull trout population segment encompasses all Pacific Coast 

drainages within Washington, including Puget Sound. This population segment is discrete because 

the Pacific Ocean and the crest of the Cascade Mountain Range geographically segregate it from 

subpopulations. The population segment is significant to the species as a whole because it is 

thought to contain the only anadromous forms of bull trout in the conterminous United States, thus, 

occurring in a unique ecological setting. No bull trout exist in coastal drainages south of the 

Columbia River (USACE, 2000). 

4.4 POPULATION TRENDS 

A 1998 Washington Department of Fish and Wildlife (WDFW) study found 80 bull trout/Dolly 

Varden populations in Washington: 14 (18%) were healthy, two (3%) were in poor condition, six 

(8%) were critical, and the status of 58 (72%) of the stocks were unknown. Bull trout are estimated 

to have occupied about 60% of the Columbia River Basin, and presently occur in 45% of the 

estimated historical range (Quigley and Arbelbide, 1997). 

Although specific data on population abundance, trends, and spatial distribution is scarce, ample 

information exists to indicate that the bull trout are threatened. Population abundance and 

distribution has declined within many individual river basins, and habitat is severely fragmented in 

many instances (SSDC, 2007).  

4.5 THREATS 

Bull trout display a high degree of sensitivity to environmental disturbance and have been 

significantly impacted by habitat degradation similar to other listed and sensitive species. In 

addition to migratory barriers, such as dams or diversion structures which isolate populations, bull 

trout are threatened by poor water quality, sedimentation, harvest, and the introduction of 

nonnative species. Although several populations lie completely or partially within national parks or 

wilderness areas, these local populations are threatened by the presence of introduced brook trout 

or from habitat degradation outside of the park boundaries. Based on biological and genetic 

information, the U.S. Fish and Wildlife Service (USFWS) has delineated two management units in 
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the Coastal/Puget Sound population segment. Olympic Peninsula bull trout populations are thought 

to differ from those in the Puget Sound management unit, which originate in watersheds on the 

western slopes of the Cascade Mountains. Although the two units are connected by marine waters, 

there is currently no evidence that bull trout from Puget Sound migrate to the Strait of Juan de 

Fuca or Hood Canal (SSDC, 2007). 

Land and water management activities that degrade bull trout habitat and continue to threaten all 

of the bull trout population segments include dams, forest management practices, livestock 

grazing, agriculture, and roads and mining (Beschta et al., 1987; Chamberlain et al., 1991; Furniss 

et al., 1991; Meehan, 1991; Nehlsen et al., 1991; Sedell and Everest, 1991; Craig and Wissmar, 

1993; MBTSG, 1998). Fish barriers, timber harvesting, agricultural practices, and urban 

development are thought to be major factors affecting “native char” in the Coastal/Puget Sound 

DPS (64 Federal Register 58909-58933). 

4.6 CONSERVATION EFFORTS 

The USFWS has subdivided the Coastal/Puget Sound bull trout DPS into two separate 

management units: the Puget Sound and the Olympic Peninsula (USFWS, 2004a,b). Individual 

draft recovery plans have been prepared for each of these management units. Volume I of the 

Draft Recovery Plan for the Coastal-Puget Sound Distinct Population Segment of Bull Trout covers 

the Puget Sound Management Unit, addressing bull trout populations in all watersheds within the 

Puget Sound Basin north of the Columbia River in Washington and the marine nearshore areas of 

Puget Sound. It also includes the Chilliwack River and associated tributaries flowing in British 

Columbia, Canada. Volume II covers the Olympic Peninsula Management Unit, including all 

watersheds within the Olympic Peninsula and the nearshore marine waters of the Pacific Ocean, 

Strait of Juan de Fuca, and Hood Canal. 

The USFWS revised the draft recovery plan for the United States population of bull trout (USFWS, 

2014). According to the USFWS (2014), specific recovery actions in Puget Sound may include 

removing or modifying structures such as riprap, dikes, and tide gates; restoring tidal flow to 

coastal wetlands; contaminant remediation; or restoring eelgrass or kelp beds. Active, ongoing 

partnerships such as the Puget Sound Partnership and Puget Sound Nearshore Ecosystem 

Restoration Project are already contributing to bull trout recovery through restoration projects. 

Generally, salmon recovery actions also function to improve habitat for bull trout; often spawning 

and rearing habitat for salmon and steelhead is concurrently used as foraging, migrating, and 

overwintering (FMO) habitat by bull trout. Moreover, restoration of chinook and steelhead runs in 

Olympic Peninsula and Puget Sound core areas (e.g., the Elwha basin restoration in the Elwha 
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core area, ongoing projects in Lewis and Skokomish core areas) also benefits bull trout by 

providing juvenile salmonids as forage fish (USFWS, 2014). 

5.0 PUGET SOUND ROCKFISH SPECIES PROPOSED FOR LISTING 
UNDER THE ENDANGERED SPECIES ACT 

On April 27, 2010, NOAA-Fisheries listed three species of Puget Sound rockfish under the ESA. 

The three species are: 

• The Georgia DPS of bocaccio (Sebastes paucispinis), listed as endangered; 

• The Georgia Basin DPS of the yelloweye rockfish (S. ruberrimis), listed as threatened; 
and 

• The Georgia Basin DPS of the canary rockfish (S. pinniger), listed as threatened. 

The following sections will present brief descriptions of the species’ biology, their habitats, 

distribution, population trends, threats, and conservation efforts. 

5.1 BOCACCIO 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for the bocaccio. 

5.1.1 Species Description 

Bocaccio are large Pacific Coast rockfish that reach up to 3 feet (1 meter [m]) in length with a 

distinctively long jaw extending to at least the eye socket. Their body ranges in color from olive to 

burnt orange or brown as adults. Young bocaccio are light bronze in color and have small brown 

spots on their sides (NOAA-Fisheries, 2009a). 

Rockfish are unusual among the bony fish in that fertilization and embryo development is internal, 

and female rockfish give birth to live larval young. Larvae are found in surface waters, and may be 

distributed over a wide area extending several hundred miles offshore. Fecundity in female 

bocaccio ranges from 20,000 to over 2 million eggs, considerably more than many other rockfish 

species. Larvae and small juvenile rockfish may remain in open waters for several months, being 

passively dispersed by ocean currents (NOAA-Fisheries, 2009a). 

Larval rockfish feed on diatoms, dinoflagellates, tintinnids, and cladocerans, and juveniles 

consume copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small 

fishes, including other species of rockfish, associated with kelp beds, rocky reefs, pinnacles, and 
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sharp dropoffs. Approximately 50% of adult bocaccio mature in 4 to 6 years. Bocaccio are difficult 

to age but are suspected to live as long as 50 years (NOAA-Fisheries, 2009a). 

5.1.2 Habitat 

Bocaccio are most common at depths between 160 and 820 feet (50 to 250 m), but may be found 

as deep as 1,560 feet (475 m). Adults generally move into deeper water as they increase in size 

and age but usually exhibit strong site fidelity to rocky bottoms and outcrops. Juveniles and 

subadults may be more common than adults in shallower water, and are associated with rocky 

reefs, kelp canopies, and artificial structures, such as piers and oil platforms (NOAA-Fisheries, 

2009a). 

5.1.3 Distribution 

Bocaccio range from Punta Blanca, Baja California, to the Gulf of Alaska off the Krozoff and Kodiak 

Islands. They are most common between Oregon and northern Baja California. In Puget Sound, 

most bocaccio are found south of the Tacoma Narrows (NOAA-Fisheries, 2009a). 

5.1.4 Population Trends 

Recreational catch and effort data spanning 12 years from the mid-1970s to mid-1990s suggests 

possible declines in abundance in Washington. Additional data over this period show the number 

of angler trips increased substantially and the average number of rockfish caught per trip declined. 

Taken together, these data suggest declines in the population over time. Currently there are no 

survey data being taken for this species, but few of these fish are caught by fishermen and none 

have been caught by Washington state biological surveys in 20 years, suggesting very low 

population abundance. They are thought to be at an abundance that is less than 10% of their 

unfished abundance. A 2005 stock assessment by NOAA-Fisheries suggests bocaccio may have 

higher populations than was thought to be the case (NOAA-Fisheries, 2009a). 

Bocaccio were infrequently recorded in the recreational catch data reported by Buckley (1967, 

1968, and 1970) and Bargmann (1977) for Puget Sound Proper from the mid-1960s into the early 

1970s. However, bocaccio were reported up to 8 to 9% of the catch in the late-1970s from the 

Washington State Sport Catch Reports (WDF, 1975-86). The majority of the catch (66%) during 

1975 to 1986 was from punch card area 13 (south of the Tacoma Narrows) (as reported in the 

Washington Sport Catch Reports); Point Defiance and the Tacoma Narrows were historically 

reported as local areas of high bocaccio abundance in punch card area 13. Bocaccio appear to 

have declined in frequency, relative to other species, from the 1970s to the 1980s to the 1990s. 

From 1975 to 1979, bocaccio were reported as an average of 4.63% of the catch (sample size 

unknown; reference Washington State Sport Catch Reports). During 1980 to 1989, they were 
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0.24% of the 8,430 rockfish identified (Palsson et al., 2008). From 1996 to 2007, bocaccio have not 

been observed out of the 2,238 rockfish identified in the dockside surveys of the recreational 

catches (Palsson et al., 2008). In a sample this large, the probability of observing at least one 

bocaccio would be 99.5%, assuming it was at the same frequency (0.24%) as in the 1980s. Also 

(as expected as a result of their habitat preferences), bocaccio have not been observed in the 

WDFW fisheries independent trawl surveys (Palsson et al., 2008). 

5.1.5 Threats 

Bocaccio are fished directly and are often caught as bycatch in other fisheries, including those for 

salmon. Adverse environmental factors led to recruitment failures in the early to mid-1990s (NOAA-

Fisheries, 2009a). 

5.1.6 Conservation Efforts 

Various state restrictions on fishing have been put in place over the years. Current regulations in 

the State of Washington, where the species is most at risk, limit the daily rockfish catch to three 

rockfish total (of any species). Because this species is so slow-growing, late to mature, and long-

lived, recovery from the above threats will take many years, even if the threats are no longer 

affecting the species (NOAA-Fisheries, 2009a). 

5.2 YELLOWEYE ROCKFISH 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for the yelloweye rockfish. 

5.2.1 Species Description 

Yelloweye rockfish are very large rockfish that reach up to 3.5 feet (~1 m) in length and 39 pounds 

(18 kilograms [kg]) in weight. They are orange-red to orange-yellow in color and may have black on 

their fin tips. Their eyes are bright yellow. Adults usually have a light to white stripe on the lateral 

line; juveniles have two light stripes, one on the lateral line and a shorter one below the lateral line 

(NOAA-Fisheries, 2009b). 

Rockfish are unusual among the bony fish in that fertilization and embryo development is internal 

and female rockfish give birth to live larval young. Larvae are found in surface waters and may be 

distributed over a wide area extending several hundred miles offshore. Fecundity in female 

yelloweye rockfish ranges from 1.2 to 2.7 million eggs, considerably more than many other rockfish 

species. Larvae and small juvenile rockfish may remain in open waters for several months being 

passively dispersed by ocean currents (NOAA-Fisheries, 2009b). 
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Larval rockfish feed on diatoms, dinoflagellates, tintinnids, and cladocerans, and juveniles 

consume copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small 

fishes, including other species of rockfish, associated with kelp beds, rocky reefs, pinnacles, and 

sharp dropoffs. Approximately 50% of adult yelloweye rockfish are mature by 16 inches 

(41 centimeters [cm]) total length (about 6 years of age). Yelloweye rockfish are among the longest 

lived of rockfishes, living up to 118 years (NOAA-Fisheries, 2009b). 

5.2.2 Habitat 

Juveniles and subadults tend to be more common than adults in shallower water, and are 

associated with rocky reefs, kelp canopies, and artificial structures such as piers and oil platforms. 

Adults generally move into deeper water as they increase in size and age, but usually exhibit 

strong site fidelity to rocky bottoms and outcrops. Yelloweye rockfish occur in waters 80- to 1,560-

feet (25- to 475-m) deep, but are most commonly found between 300 to 590 feet (91 to 180 m) 

(NOAA-Fisheries, 2009b).  

5.2.3 Distribution 

Yelloweye rockfish range from northern Baja California to the Aleutian Islands, Alaska, but are 

most common from central California northward to the Gulf of Alaska (NOAA-Fisheries, 2009b).  

5.2.4 Population Trends 

Recreational catch and effort data spanning 12 years from the mid-1970s to mid-1990s suggests 

possible declines in abundance. While catch data are generally constant over time, the number of 

angler trips increased substantially, and there was a decline in the average number of rockfish 

caught per trip. Taken together, these data suggest declines in the population over time. Currently 

there are no survey data being taken for this species, but few of these fish are caught by 

fishermen, suggesting low population abundance (NOAA-Fisheries, 2009b).  

Yelloweye rockfish occur more consistently in the recreational catch than bocaccio but at lower 

frequency than canary rockfish and are still infrequently observed (typically 1 to 2% in Puget Sound 

Proper and 2 to 5% in north Puget Sound). The frequency of yelloweye rockfish in Puget Sound 

Proper appears to have increased from a frequency of 0.34% (sample size 8,430) in 1980 to 1989 

to a frequency of 2.7% (sample size 550) in 1996 to 2001. There were 3 recent years (1999 to 

2001) when yelloweye rockfish were not reported in the recreation catch; however, the sample 

sizes were low these years and zeros are expected for an infrequent species when sample sizes 

are low (NOAA-Fisheries, 2008).  
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In north Puget Sound, in contrast, the frequency of yelloweye rockfish decreased between the 

1980s and 1990s in the catch surveys. From 1980 to 1989, they were reported at a frequency of 

1.9% (sample size 3,910), and from 1996 to 2001, they were reported at a frequency of 0.65% 

(sample size 1,718). Since 2002, fishing for yelloweye rockfish is prohibited in Puget Sound and 

thus no frequency data are available since 2002 from the recreational fishery (NOAA-Fisheries, 

2008).  

The early stock data do not report sample size (number of individuals identified), thus the 

uncertainty in the early estimates cannot be calculated. Species misidentification should not be a 

problem for yelloweye rockfish, but their frequency may be affected by nonrandom reporting in the 

1960s and early 1970s. Buckley and Bargmann (1965 to 1973) suggest that only a few (2 to 3) 

common species were being recorded in some punch card areas (NOAA-Fisheries, 2008).  

As expected, yelloweye rockfish have been observed infrequently in the WDFW fisheries 

independent trawl surveys in Puget Sound Proper, and in north Puget Sound, yelloweye rockfish 

were not observed in the WDFW trawl survey in 1987 1989 1991, or 2001, but were caught in 2004 

(0.65% of the catch). In the Reef Environmental Education Foundation (REEF) scuba survey data, 

yelloweye rockfish have been sighted consistently throughout the Puget Sound (north and south) 

since 2001 at an average frequency of 0.5% of dives in the south reporting a sighting of yelloweye 

rockfish and 2% of dives in the north reporting a sighting. There is no evidence of a decline in the 

probability of sightings during dives (NOAA-Fisheries, 2008).  

In the Strait of Georgia, yelloweye rockfish are common in the recent recreational catches; the 

proportion of yelloweye rockfish in the 2006 and 2005 recreational catch (Department of Fisheries 

and Oceans Canada catch data) was 17.1% and 7.5%, respectively. The high frequency of 

yelloweye rockfish in the recreational catch may reflect targeting for this species, as yelloweye 

rockfish are a small proportion of the rockfish observed in the few fisheries independent surveys 

that are available. A genetic tagging study in 2003 (Yamanaka et al., 2004), where data were 

collected from tissue taken from hooks, 1% of samples were yelloweye rockfish. In a 2003 pilot 

camera study designed to estimate rockfish biomass (Yamanaka et al., 2006), 439 rockfish were 

observed, of which one (0.2%) was a yelloweye rockfish. Another survey in 2004 in the southern 

Strait of Georgia identified 105 rockfish species, of which 5 (4.8%) were yelloweye rockfish (NOAA-

Fisheries, 2008).  

There appears to be limited information on population trends yelloweye rockfish in the Strait of 

Georgia. Data from the recreational creel survey conducted by Department of Fisheries and 

Oceans Canada is of limited value because the species composition information and groundfish-

targeted effort is lacking; salmon-targeted and groundfish-targeted trips are reported together. 
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Submersible surveys were conducted in 1984 and 2003 in the Strait of Georgia (Yamanaka et al. 

2004). Between the two surveys, there was a decline in the mean number of yelloweye rockfish per 

transect (8.57 to 4.65), but the difference was not statistically significant. Trend data are also 

available from the commercial long-line fishery (Yamanaka et al., 2004), which show generally 

declining trends in catch-per-unit-effort (CPUE) from the late 1980s through the 1990s, but 

interpretation is difficult given the effects of market forces and management regulations on 

commercial fisheries (NOAA-Fisheries, 2008). 

5.2.5 Threats 

Yelloweye rockfish are targeted by recreational and commercial fisheries and are often caught as 

bycatch in other fisheries, including those for salmon. Adverse environmental factors led to 

recruitment failures in the early- to mid-1990s (NOAA-Fisheries, 2009b). 

5.2.6 Conservation Efforts 

Various state restrictions on fishing have been put in place over the years, leading to the current 

ban on retention of yelloweye rockfish in Washington in 2003. Because this species is slow-

growing, late to mature, and long-lived, recovery from these threats will take many years, even if 

the threats are no longer affecting the species (NOAA-Fisheries, 2009b). 

5.3 CANARY ROCKFISH 

This section presents descriptions of the biology, habitat, distribution, population trend, threats, and 

conservation efforts for the canary rockfish. 

5.3.1 Species Description 

Canary rockfish are large rockfish that reach up to 2.5 feet (77 cm) in length and 10 pounds (4 kg) 

in weight. Adults have bright yellow to orange mottling over gray, three orange stripes across the 

head, and orange fins. Animals less than 14 inches long have dark markings on the posterior part 

of the spiny dorsal fin and gray along the lateral line (NOAA-Fisheries, 2009c). 

Rockfish are unusual among the bony fish in that fertilization and embryo development is internal 

and female rockfish give birth to live larval young. Larvae are found in surface waters and may be 

distributed over a wide area extending several hundred miles offshore. Fecundity in female canary 

rockfish ranges from 260,000 to 1.9 million eggs, considerably more than many other rockfish 

species. Larvae and small juvenile rockfish may remain in open waters for several months, being 

passively dispersed by ocean currents (NOAA-Fisheries, 2009c). 
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Larval rockfish feed on diatoms, dinoflagellates, tintinnids, and cladocerans, and juveniles 

consume copepods and euphausiids of all life stages. Adults eat demersal invertebrates and small 

fishes, including other species of rockfish, associated with kelp beds, rocky reefs, pinnacles, and 

sharp dropoffs. Approximately 50% of adult canary rockfish are mature at 14 inches (36 cm) total 

length (about 5 to 6 years of age). Canary rockfish can live to be 75 years old (NOAA-Fisheries, 

2009c). 

5.3.2 Habitat 

Canary rockfish primarily inhabit waters 160- to 820-feet (50- to 250-m) deep but may be found to 

1,400 feet (425 m). Juveniles and subadults tend to be more common than adults in shallow water 

and are associated with rocky reefs, kelp canopies, and artificial structures, such as piers and oil 

platforms. Adults generally move into deeper water as they increase in size and age but usually 

exhibit strong site fidelity to rocky bottoms and outcrops where they hover in loose groups just 

above the bottom (NOAA-Fisheries, 2009c). 

5.3.3 Distribution 

Canary rockfish range between Punta Colnett, Baja California, and the Western Gulf of Alaska. 

Within this range, canary rockfish are most common off the coast of central Oregon (NOAA-

Fisheries, 2009c). 

5.3.4 Population Trends 

Recreational catch and effort data spanning 12 years from the mid-1970s to mid-1990s suggests 

possible declines in abundance. While catch data are generally constant over this time period, the 

number of angler trips increased substantially, and the average number of canary rockfish caught 

per trip declined. Taken together, these data suggest declines in the population over time. 

Currently there are no survey data being taken for this species, but few of these fish are currently 

caught by fishermen, suggesting low population abundance. Canary rockfish used to be one of the 

three principal species caught in Puget Sound in the 1960s (NOAA-Fisheries, 2009c). 

Canary rockfish occur more consistently in the recreational catch than bocaccio and yelloweye 

rockfish, but are still infrequently observed (typically 1 to 2% in Puget Sound Proper and 2 to 5% in 

north Puget Sound). Like bocaccio, canary rockfish appear to have become less frequent in the 

catch data since 1965 (NOAA-Fisheries, 2008). From 1980 to 1989, they were reported at a 

frequency of 1.1% (sample size 8,430) and 1.4% (sample size 3,910) in south and north Puget 

Sound, respectively. From 1996 to 2001, they were reported at a frequency of 0.73% (sample size 

550) and 0.56% (sample size 1,718) in south and north Puget Sound, respectively (NOAA-

Fisheries, 2008). The early stock data do not report sample size (number of individuals identified), 
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thus the uncertainty in the early estimates cannot be calculated. Species misidentification should 

not be a problem for canary rockfish, but their reported frequency may be affected by nonrandom 

reporting of species in the catch in the 1960s and early 1970s. The data from Buckley and 

Bargmann (1967 to 1977) suggest that only a few (2 to 3) common species were being recorded in 

some punch card areas (NOAA-Fisheries, 2008).  

Since 2002, fishing for canary rockfish in Puget Sound is prohibited and thus no frequency data are 

available from the recreational fishery since then. Canary rockfish have not been observed in the 

WDFW fisheries independent trawl surveys (Palsson et al., 2008). In REEF scuba survey data 

(REEF, 2008), canary rockfish were not observed in the first 3 years of the survey 1998 to 2000, 

when the number of dives was 100 to 130 per year. Since 2001, however, the number of dives per 

year has increased substantially, to 400 to 1,000 dives per year, and canary rockfish have been 

reported consistently since 2001 in 0.5 to 3.6% of dives with no evidence of a temporal decline in 

sightings (REEF, 2008). Canary rockfish have been documented in the Strait of Georgia, but the 

overwhelming research focus is on the large stocks that are commercially harvested off the west 

coast of Vancouver Island and in Queen Charlotte Strait (NOAA-Fisheries, 2008). The prevalence 

of this species in recreational fishing in the Strait of Georgia indicates that they are probably well-

distributed but rare (1% of total rockfish catch) in enclosed waters and inlets (DFO, 2008). 

However, wide interannual variations in some recreational catch data suggests that catch 

estimates may be unreliable due to poor species identification and changing bag limits (NOAA-

Fisheries, 2008). Recent long-line surveys throughout the Strait of Georgia collected 100 canary 

rockfish individuals from two shallow sets. All were adults (mean size 529 cm) in post-spawning 

condition (Lochead and Yamanaka, 2007). They have also been documented in Georgia Strait jig 

surveys (Yamanaka et al., 2006). 

5.3.5 Threats 

Canary rockfish are targeted by recreational and commercial fishers and are often caught as 

bycatch in other fisheries, including those for salmon. Adverse environmental factors led to 

recruitment failures in the early to mid-1990s (NOAA-Fisheries, 2009c). 

5.3.6 Conservation Efforts 

Various state restrictions on fishing have been put in place over the years, including banning 

retention of canary rockfish in all Washington marine waters in 2004. Because this species is slow-

growing, late to mature, and long-lived, recovery from these threats will take many years, even if 

the threats are no longer affecting the species (NOAA-Fisheries, 2009c). 
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ESSENTIAL FISH HABITAT ASSESSMENT 

1.0 ACTION AGENCY 

U.S. Environmental Protection Agency, Region 10, Seattle, Washington 

2.0 LOCATION 

Lower Duwamish Waterway, Seattle, King County, Washington (Township 24 North, Range 4 East, 
and Sections 18, 19, and 33).  

3.0 PROJECT NAME 

Enhanced Natural Recovery/Activated Carbon Pilot Study – Lower Duwamish Waterway 

4.0 ESSENTIAL FISH HABITAT BACKGROUND 

The Magnuson-Stevens Fishery Conservation and Management Act (MSA), as amended by the 
Sustainable Fisheries Act of 1996 (Public Law 104-267), requires federal agencies to consult with 
the National Oceanic and Atmospheric Administration, National Marine Fisheries Service (NOAA-
Fisheries) on activities that may adversely affect essential fish habitat (EFH). EFH is defined as 
“those waters and substrate necessary to fish for spawning, breeding, feeding, or growth to 
maturity.”  “Waters” include “aquatic areas and their associated physical, chemical, and biological 
properties that are used by fish.”  They may include aquatic areas historically used by fish. 
“Substrate” includes “sediment, hard bottom, structures underlying the waters, and associated 
biological communities” (NMFS, 1999). 

The MSA requires consultation for all actions that may adversely affect EFH and does not 
distinguish between actions within and outside of EFH. Any reasonable attempt to encourage the 
conservation of EFH must take into account actions that occur outside of EFH, such as upstream 
and upslope activities that may have an adverse effect on EFH. Therefore, EFH consultation with 
NOAA-Fisheries is required by federal agencies undertaking, permitting, or funding activities that 
may adversely affect EFH, regardless of its location. 

This assessment evaluates the impacts of the Pilot Study to determine whether it “may adversely 
affect” designated EFH for federally managed fisheries species in the proposed Action Area (see 
Section 4.1 of BE). The assessment also describes conservation measures to avoid, minimize, or 
otherwise offset potential adverse effects of the Pilot Study on designated EFH. 
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5.0 IDENTIFICATION OF EFH 

The Pacific Fishery Management Council (PFMC) has designated EFH for federally managed 
fisheries within the waters of Washington, Oregon, and California. The designated EFH for 
groundfish (PFMC, 1998a; Casillas et al., 1998) and coastal pelagic species (PFMC, 1998b) 
encompasses all waters from the mean high water line and upriver extent of salt water to the 
boundary of the United States exclusive economic zones (370.4 kilometers [km]) (PFMC, 1998a, 
1998b). Freshwater EFH for Pacific salmon includes all those streams, lakes, ponds, wetlands, and 
other water bodies currently or historically accessible to salmon in Washington, Oregon, California, 
and Idaho, except areas upstream of certain impassable man-made barriers (as identified by the 
PFMC), and longstanding, naturally impassable barriers (e.g., natural waterfalls in existence for 
several hundred years) (PFMC, 1999). In estuarine and marine areas, designated salmon EFH 
extends from the nearshore and tidal submerged environments within state territorial waters to the 
full extent of the exclusive economic zone (370.4 km) offshore of Washington, Oregon, and 
California north of Point Conception, to the Canadian border (PFMC, 1999). 

Groundfish, coastal pelagic, and salmonid fish species that have designated EFH in Puget Sound 
are listed in Table 1. Coastal pelagic species and pink salmon (Oncorhynchus gorbuscha) likely do 
not occur in the action area; however, some of the groundfish species may occur in the action 
area. Chinook (O. tshawytscha) and coho (O. kisutch) occur in the action area. Refer to the 
relevant EFH designations (Casillas et al., 1998; PFMC, 1998a, 1998b; PFMC, 1999) for life-
history stages of these species that may occur in the action area. Assessment of the impacts on 
these species’ EFH from the Pilot Study is based on this information. 

6.0 DETAILED DESCRIPTION OF THE PROPOSED PROJECT 

The Pilot Study includes the following project elements: 

 A sediment remedial action that consists of placing enhanced natural recovery (ENR) 
material without and with activated carbon (ENR+AC) at three pilot plots (i.e., intertidal, 
subtidal, and scour) located in the Lower Duwamish Waterway. The total area of 
coverage will be 3 acres. 

 Three years of post-implementation monitoring to assess the effectiveness of ENR and 
ENR+AC in reducing the bioavailability of polychlorinated biphenyls (PCBs) in 
contaminated sediments at the three pilot plot areas. 

For a more detailed project description, please refer to Section 3.0 of the biological evaluation. 
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7.0 POTENTIAL ADVERSE EFFECTS OF PROPOSED PROJECT 

The EFH designation for the Pacific salmon fishery includes all those streams, lakes, ponds, 
wetlands, and other water bodies currently or historically accessible to salmon in Washington, 
Oregon, Idaho, and California, except above the impassible barriers identified by PFMC (1999). In 
estuarine and marine areas, proposed designated EFH for salmon extends from the nearshore and 
tidal submerged environments within state territorial waters out to the full extent of the exclusive 
economic zone offshore of Washington, Oregon, and California north of Point Conception (PFMC, 
1999). 

The Pacific salmon management unit includes Chinook, coho, and pink salmon. All three of these 
species use Puget Sound for adult migration, juvenile outmigration, and rearing where suitable 
habitat is present. Resident coho and Chinook remain within Puget Sound throughout their entire 
life histories. 

The EFH designation for groundfish and coastal pelagics is defined as those waters and substrate 
necessary to ensure the production needed to support a long-term sustainable fishery. The marine 
extent of groundfish and coastal pelagic EFH includes those waters from the nearshore and tidal 
submerged environment within Washington, Oregon, and California state territorial waters out to 
the exclusive economic zone (370.4 km [231.5 miles]) offshore between Canada and the Mexican 
border. 

The West Coast groundfish management unit includes 83 species that typically live on or near the 
bottom of the ocean. Species groups include skates and sharks, rockfishes (55 species), flatfishes 
(12 species) and groundfish. Some groundfish, such as lingcod (Ophiodon elongatus), cabezon 
(Scorpaenichthys marmoratus), and species of rockfish (Sebastes spp.) could potentially occur in 
the action area.  

Coastal pelagics are schooling fishes, not associated with the ocean bottom, that migrate in 
coastal waters. West Coast pelagics include the Pacific sardine (Sardinops sagax), Pacific 
mackerel (Scomber japonicus), northern anchovy (Engraulis mordax), jack mackerel (Trachurus 

symmetricus), and market squid (Loligo opalescens). These fishes are primarily associated with 
the open-ocean and coastal areas (PFMC, 1998a) and are not likely to occur in the action area. 

The Pacific sand lance (Ammodytes hexapterus) and the surf smelt (Hypomesus pretiosus 

pretiosus) are an important forage fish for Chinook and coho salmon. Loss of prey is considered an 
adverse effect on EFH. Both species have been reported to occur in the action area (Windward, 
2010). 
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EFH for groundfish and Pacific salmon is present in the action area. The Pilot Study may result in a 
minor, localized reduction in foraging habitat until the area is recolonized by benthic 
macroinvertebrates. The existing shoreline is of marginal value, at best, as a foraging area for 
Pacific salmon and groundfish. There may also be some minor, temporary, and localized water 
quality impacts due to increased turbidity during placement of the ENR and ENR+AC materials. No 
permanent adverse effects on EFH for groundfish or Pacific salmonids or their prey species will 
result from the Pilot Study. 

8.0 CONSERVATION MEASURES 

Implementing the conservation measures specified in Section 3.4 of the biological evaluation will 
avoid and minimize any potential effects of the Pilot Study on EFH. 

9.0 CONCLUSION 

The Pilot Study will result in a minor, localized, and temporary (1 to 2 years) effect on 
approximately 3 acres of potential intertidal and subtidal foraging habitat for juvenile salmonids at 
the three pilot plot areas. There may also be some minor temporary and localized water quality 
impacts due to increased turbidity during placement of the ENR and ENR+AC materials. It is 
expected that the Pilot Study will result in an overall net benefit to EFH for Pacific salmonids and 
groundfish using the action area by reducing the bioavailability of PCBs in contaminated sediments 
at the three pilot plot areas. No permanent adverse effects on EFH for groundfish, Pacific 
salmonids, or their prey species will result from the Pilot Study. 

10.0 REFERENCES 

Casillas, E., Crockett, L., deReynier, Y., Glock, J., Helvey, M., Meyer, B., Schmitt, C., Yoklavich, 
M., Bailey, A., Chao, B., Johnson, B., and Pepperell, T. 1998. Essential Fish Habitat West 
Coast Groundfish Appendix. U.S. Department of Commerce, National Oceanic and 
Atmospheric Administration, National Marine Fisheries Service, Seattle, Washington. 

National Marine Fisheries Service (NMFS). 1999. Essential Fish Habitat Consultation Guidance. 
U.S. Department of Commerce, National Oceanic and Atmospheric Administration, National 
Marine Fisheries Service, Office of Habitat Conservation, Silver Spring, Maryland.  

Pacific Fishery Management Council (PFMC). 1998a. The Coastal Pelagic Species Fishery 
Management Plan: Amendment 8 (December 1998). PFMC, Portland, Oregon.  



 
Project No. LY15160310 5 
att c efh_060315_clean.docx 

Pacific Fishery Management Council (PFMC). 1998b. Final Environmental Assessment/Regulatory 
Review for Amendment 11 to the Pacific Coast Groundfish Fishery Management Plan 
(October 1998). PFMC, Portland, Oregon.  

Pacific Fishery Management Council (PFMC). 1999. Amendment 14 to the Pacific Coast Salmon 
Plan, Appendix A – Description and Identification of Essential Fish Habitat, Adverse 
Impacts and Recommended Conservation Measures for Salmon (August 1999). PFMC, 
Portland, Oregon. 

Windward. 2010. Lower Duwamish Waterway Remedial Investigation – Final Remedial 
Investigation Report. Prepared for the Lower Duwamish Waterway Group, Seattle, 
Washington. 



APPENDIX C 

Construction Quality Assurance Project Plan 
 



Lower Duwamish Waterway Group 

Port of Seattle / City of Seattle / King County / The Boeing Company 
 

CONSTRUCTION QUALITY ASSURANCE 
PROJECT PLAN 
Enhanced Natural Recovery/Activated Carbon Pilot Study 

Lower Duwamish Waterway 
 
 
 

FINAL 
 
 
 
Prepared for: 

The US Environmental Protection Agency 
Region 10 
Seattle, Washington 

The Washington State Department of Ecology 
Northwest Regional Office 
Bellevue, Washington 

Prepared by: 

Amec Foster Wheeler Environment & Infrastructure, Inc.  
Dalton, Olmsted & Fuglevand, Inc. 
ENVIRON International Corporation 
Floyd|Snider 
Geosyntec Consultants 

December 07, 2015 

Project No. LY15160310 



 

Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study Construction 
Quality Assurance Project Plan 

December 07, 2015 
Page i

 

TABLE OF CONTENTS

Page 
 
ABBREVIATIONS AND ACRONYMS ............................................................................................... iii 

1.0  INTRODUCTION ................................................................................................................... 1 
1.1  PROJECT SCOPE ......................................................................................................... 1 
1.2  CONSTRUCTION QUALITY MANAGEMENT OVERVIEW ..................................................... 2 
1.3  CONSTRUCTION QUALITY ASSURANCE PROJECT PLAN OBJECTIVES .............................. 3 
1.4  DOCUMENT ORGANIZATION .......................................................................................... 3 
1.5  DISTRIBUTION AND DOCUMENT CONTROL ..................................................................... 3 

2.0  PROJECT ORGANIZATION ................................................................................................. 4 
2.1  ORGANIZATIONAL ROLES AND RESPONSIBILITIES .......................................................... 4 

2.1.1  EPA and Ecology ........................................................................................... 4 
2.1.2  King County ................................................................................................... 6 
2.1.3  Lower Duwamish Waterway Group................................................................ 7 
2.1.4  Engineering Consulting Team ........................................................................ 7 
2.1.5  Construction Contractor ................................................................................. 9 

3.0  QUALITY CONTROL AND QUALITY ASSURANCE ACTIVITIES ...................................... 12 
3.1  PROJECT BEST MANAGEMENT PRACTICES ................................................................. 12 
3.2  GENERAL QA ACTIVITIES ........................................................................................... 14 

3.2.1  Verification of Contractor’s QC Program ...................................................... 14 
3.2.2  Independent Testing and Inspections .......................................................... 15 
3.2.3  Project Closeout ........................................................................................... 15 

3.3  QA AND QC OF PRODUCTS ........................................................................................ 15 
3.3.1  Verification of AC Material ........................................................................... 15 
3.3.2  Verification of Sand and Gravelly Sand Products ........................................ 16 
3.3.3  Verification of AC-amended Sand and Gravelly Sand ................................. 16 

3.4  QA AND QC PROCEDURES FOR ENR & ENR+AC PLACEMENT ................................... 17 
3.4.1  Prior to Construction .................................................................................... 17 
3.4.2  ENR/AC Test Placement Demonstration ..................................................... 19 
3.4.3  During Construction ..................................................................................... 21 
3.4.4  Post Construction ......................................................................................... 25 

4.0  CONSTRUCTION DEFICIENCIES ..................................................................................... 25 
4.1  CONTRACTOR QC DEFICIENCY .................................................................................. 25 
4.2  CONSTRUCTION QUALITY DEFICIENCY ........................................................................ 25 

5.0  MEETINGS AND DOCUMENTATION ................................................................................ 26 
5.1  WORK MEETINGS ...................................................................................................... 26 

5.1.1  Preconstruction Meeting .............................................................................. 26 
5.1.2  Daily Briefings and Planning Meetings ........................................................ 27 
5.1.3  Project Meetings (Progress Meetings) ......................................................... 28 

5.2  WORK DOCUMENTATION ............................................................................................ 29 
5.2.1  Contractor Submittals Prior to Construction ................................................. 29 
5.2.2  Contractor Submittals During Construction .................................................. 29 
5.2.3  Contractor Quality Control Reporting ........................................................... 30 
5.2.4  Change Orders ............................................................................................ 31 



TABLE OF CONTENTS (Continued) 
 

Page 
 

Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study Construction 
Quality Assurance Project Plan 

December 07, 2015 
Page ii

 

5.2.5  Construction Report ..................................................................................... 32 
5.3  CONTROL OF QA/QC DOCUMENTATION ..................................................................... 32 

6.0  CHANGES TO QA/QC REQUIREMENTS .......................................................................... 33 
6.1  CHANGES TO CQCP .................................................................................................. 33 
6.2  CHANGES TO CQAPP ............................................................................................... 33 
 

TABLES 

Table 1 Project Contact Information 
Table 2 Quality Assurance Monitoring Elements and Frequency 

FIGURES 

Figure 1 CQAPP Project Organizational Chart 
Figure 2 Conceptual Grade Stake  

ATTACHMENTS 

Attachment A Sample Forms for Contractor Daily Report 
Attachment B Sample Forms for Contractor Weekly Report 
 



Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study 
Quality Assurance Project Plan 

December 07, 2015 
Page iii

 

ACRONYMS AND ABBREVIATIONS 

AC Activated Carbon 

AFE Assistant Field Engineer 

AMEC  Amec Foster Wheeler 

BMP Best Management Practice 

County King County Project Team 

CQA Construction Quality Assurance 

CQAPP Construction Quality Assurance Project Plan 

CQCP Contractor Quality Control Plan 

DOF Dalton, Olmsted, & Fuglevand, Inc. 

Ecology Washington State Department of Ecology 

ENR Enhanced Natural Recovery 

ENR+AC Enhanced Natural Recovery with Activated Carbon 

EPA U.S. Environmental Protection Agency 

FE Field Engineer 

GPS global positioning system 

HASP Health and Safety Plan 

LDW Lower Duwamish Waterway 

LDWG Lower Duwamish Waterway Group 

Order Administrative Order 

PCB Polychlorinated biphenyl 

PE Project Engineer 

Project 
Representative 

King County Project Representative 

QA Quality Assurance 

QC Quality Control 

QCO Quality Control Officer 

USACE U.S. Army Corps of Engineers 

WQMP Water Quality Monitoring Plan 
 



 

Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study Construction 
Quality Assurance Project Plan 

December 07, 2015 
Page 1

 

CONSTRUCTION QUALITY ASSURANCE PROJECT PLAN 
Enhanced Natural Recovery/Activated Carbon Pilot Study 

Lower Duwamish Waterway 

1.0 INTRODUCTION 

This Construction Quality Assurance Project Plan (CQAPP) has been developed for use during 

implementation of the Enhanced Natural Recovery/Activated Carbon Pilot Study Project (Project) 

on the Duwamish Waterway.  This CQAPP describes the personnel, procedures, and activities 

required to assure that the construction work satisfies the engineering design and regulatory 

requirements, and that reliable, accurate, and verifiable construction data are recorded during 

construction. 

1.1 PROJECT SCOPE 

The Lower Duwamish Waterway Group (LDWG) will conduct a pilot study of an innovative 

sediment remediation technology in the field to evaluate the potential effectiveness of the 

technology in the Lower Duwamish Waterway (LDW).  The study will determine whether Enhanced 

Natural Recovery (ENR) amended with granular activated carbon (AC) can be successfully applied 

to reduce the bioavailability of polychlorinated biphenyls (PCBs) in remediated contaminated 

sediment in the LDW.  The study will compare the effectiveness of ENR with added AC (ENR+AC) 

with that of ENR without added AC in three areas (referred to as “plots”) in the LDW, which are 

referred to as the intertidal plot, subtidal plot, and potential scour plot.  For the purposes of this 

project, ENR involves the placement of a thin layer of clean material (sand or gravelly sand) over 

subtidal or intertidal sediments.  ENR+AC involves the placement of a thin layer of clean material 

augmented with AC over subtidal or intertidal sediments.  The purpose of the ENR and ENR+AC 

treatments is to reduce the exposure of aquatic organisms to contaminants of concern. 

A pilot study was specified under the Second Amendment (July 2014) to the Administrative Order 

on Consent (Order) for Remedial Investigation/Feasibility Study for the Lower Duwamish Waterway 

(Comprehensive Environmental Response, Compensation, and Liability Act [CERCLA] Docket No. 

10-2001-0055, issued on December 20, 2000). 

The goals of the pilot study, as stated in the Order, are the following: 

 Verify that ENR+AC can be successfully applied in the LDW by monitoring physical 
placement success (uniformity of coverage and percent of carbon in a placed layer). 
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 Evaluate performance of ENR+AC compared to ENR alone in locations with a range 
of PCB concentrations. 

 Assess potential impacts to the benthic community in ENR+AC compared to ENR 
alone. 

 Assess changes in bioavailability of PCBs in ENR+AC compared to ENR alone. 

 Assess the stability of ENR+AC in scour areas (such as berthing areas). 

1.2 CONSTRUCTION QUALITY MANAGEMENT OVERVIEW 

Construction quality management consists of quality control (QC) by the contractor and quality 

assurance (QA) by the King County Project Team (County) which includes work by Amec Foster 

Wheeler (AMEC), Dalton, Olmsted & Fuglevand (DOF), and subcontracted divers.  The contractor 

is responsible for performing the work in accordance with the project plans and specifications, and 

the Contractor Work Plan.  They are also responsible for the quality of work by their 

subcontractors.  The contractor will establish an independent QC program, and prepare and 

implement a Contractor Quality Control Plan (CQCP).  The CQCP may be part of the Contractors 

Work Plan or a stand-alone document. 

The CQCP must specify: 

 Testing and inspections to be done as directed in the project specifications, 

 Any other testing and inspections required to verify that the work meets the project 
specifications, 

 Procedures for controlling the quality of construction work, 

 Procedures to document construction activities that affect the quality of work 
performed, 

 QA/QC procedures for all construction project monitoring, and 

 Specify corrective actions to be performed in the event of over-placement, under-
placement, or placement outside of the specified area for the ENR and ENR+AC 
material. 

The contractor shall have a copy of all its documents, including the CQCP, on site and available to 

its personnel, construction quality assurance (CQA) personnel, and agency personnel throughout 

the duration of the Project. 

QA performed by the County and the Amec Foster Wheeler consulting team (consulting team) will 

consist of monitoring and audits to verify that the Contractor follows applicable QC programs, verify 
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effectiveness of the QC programs, and provide assurance and documentation that the completed 

construction work satisfies quality requirements specified in the construction contracts.  

Construction oversight will be provided by the King County Project Representative (Project 

Representative), the CQA field staff, and support staff. 

1.3 CONSTRUCTION QUALITY ASSURANCE PROJECT PLAN OBJECTIVES 

The purpose of the CQAPP is to provide assurance that the completed construction work meets 

the quality requirements in the project plans and specifications.  The objectives of this CQAPP are 

to: 

 Define project management organization and roles. 

 Define the responsibilities and authorities of project QA/QC team members. 

 Define procedures and methods to check the contractor’s performance and work 
quality. 

 Define procedures to implement corrective actions if performance standards or design 
criteria are not met. 

 Define documentation procedures and requirements. 

1.4 DOCUMENT ORGANIZATION 

This CQAPP is organized into the following sections. 

 Section 1.0 presents an overview of the Pilot Study, the components of the 
construction quality management, and objectives of the CQAPP. 

 Section 2.0 describes the organizations and key personnel involved in construction 
quality management as well as their responsibilities authorities. 

 Section 3.0 describes the QA activities for different elements of construction work. 

 Section 4.0 describes the procedure for tracking construction deficiencies from the 
identification through the accepted corrective action. 

 Section 5.0 presents the procedures for managing, meeting, and construction 
documentation and reporting. 

 Section 6.0 describes the procedures for revising the CQCPs and CQAPP. 

1.5 DISTRIBUTION AND DOCUMENT CONTROL 

Copies of this CQAPP will be distributed to all supervisory personnel involved in Project 

implementation.  All supervisory personnel working on the Project are required to read and 

familiarize themselves with this CQAPP prior to work at the Site.  A current version of this CQAPP 
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should be in the possession of all supervisory field personnel.  If this CQAPP is updated, each 

distributed copy of the CQAPP will be replaced by the revised version. 

Other documents describe the procedures, guidelines, and requirements for other aspects of the 

work that the CQA field staff will use in conjunction with this CQAPP.  Those documents are: 

 Health and Safety Plan (HASP):  Describes procedures, equipment, and monitoring 
requirements to protect the health and safety of the King County project personnel, 
including the CQA field staff. 

 Project Permits and Approvals:  Project permit and approval requirements include but 
are not limited to the Water Quality Memo and the U.S. Environmental Protection 
Agency (EPA) Approved Contractor Work Plan. 

2.0 PROJECT ORGANIZATION 

This section presents the structure of the project construction management and CQA team, the 

construction team including construction quality control, the roles of involved organizations, and the 

responsibilities and authorities of key personnel involved in QA/QC of the construction work 

(collectively referred to as the project team).  Figure 1 shows the organization of the project team.  

The specific companies and responsible individuals in charge of CQA will be finalized prior to the 

start of construction, and the CQAPP will be updated as needed to reflect any changes in 

organization of the project team. 

2.1 ORGANIZATIONAL ROLES AND RESPONSIBILITIES 

This section presents the organization, roles, and responsibilities of the construction management 

and CQA team (CQA team) during construction.  Full contact information can be found in Table 1. 

The LDWG is the lead for conducting this work for EPA and the Washington State Department of 

Ecology (Ecology) and as such will be involved in all aspects of this project.   

2.1.1 EPA and Ecology 

EPA and Ecology as oversight agencies will review and approve of the CQAPP as well as perform 

oversight on any field activities, as needed.  EPA and Ecology will be represented by their project 

managers (PMs) for this project, Elly Hale and Ron Timm, respectively.  EPA and Ecology 

responsibilities and authorities include but are not limited to: 

 Overall Project oversight and approval; 

 Programmatic oversight of project quality assurance; 
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 Final approval of changes to CQAPP in coordination with LDWG/King County; 

 Final decision making on compliance with water quality standards and BMPs; and 

 Authority for stopping work for any reason deemed appropriate by EPA/Ecology. 

 

 
Figure 1 – CQAPP Project Organizational Chart 
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2.1.2 King County 

King County is the owner of the Project, and the Project Representative will be responsible for 

overall construction management and coordination of the work.  The Project Representative will 

coordinate administrative aspects of the activities between King County, LDWG, the consulting 

team, and the Construction Contractor, monitor the project schedule, maintain communications 

within King County and the other interested parties, and be responsible for all verbal or written 

direction to the contractor.  Project Representative will report to King County Project Manager and 

will be supported by the CQA team.  

2.1.2.1 King County Project Manager 

The responsibilities and authorities of King County’s Project Manager (King County PM) include, 

but are not limited to: 

 Overall Project responsibility; 

 Programmatic oversight of project quality assurance; 

 Approval of changes to CQAPP in coordination with EPA 

 Coordinate with LDWG on any major project deviations in accordance with LDWG 
agreements 

The King County PM is Jennifer Kauffman. 

2.1.2.2 King County Project Representative 

The responsibilities and authorities of the King County, Project Representative, include, but are not 

limited to: 

 Final approval of all submittals; 

 Tracking schedules; 

 Conducting progress meetings; 

 Conducting all administrative activities during construction among the LDWG, the 
Project Engineer, Field Engineer and the Contractor; 

 Performing all field inspections; 

 Approving all import materials and equipment; 

 Accepting or rejecting key personnel on the project; 

 Provide all verbal or written direction to the contractor; 
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 Stopping work for any reason deemed appropriate; 

 Auditing the project QA; and 

 Approving in conjunction with the King County PM deviations from the requirements in 
the project plans and specifications. 

The Project Representative is Randy Brunke. 

2.1.3 Lower Duwamish Waterway Group 

The LDWG consists of the City of Seattle, the Port of Seattle, King County and The Boeing 

Company.  King County will regularly update the LDWG partners on the progress of this project, 

and LDWG will provide direction to King County on any major project deviations in accordance with 

LDWG agreements. 

2.1.4 Engineering Consulting Team 

King County has retained an engineering consulting team (consulting team) to provide field 

engineering and construction QA during the project. 

The consulting team will be referred to as the CQA team in this document.  Dalton, Olmsted & 

Fuglevand, Inc. (DOF) is the Engineer of Record and is a sub-consultant to AMEC Foster Wheeler 

who is the prime consultant to King County for this project (collectively referred to as the CQA team 

in this document).  The CQA team reports to King County. 

2.1.4.1 Consulting Team Project Manager 

Cliff Whitmus of AMEC Foster Wheeler will serve as the consulting team Project Manager.  The 

responsibilities of the consulting team Project Manager include, but are not limited to, the following: 

 Overall project coordination; 

 Providing oversight on planning and coordination, work plans, project deliverables, 
and performance of the administrative tasks needed to ensure timely and successful 
completion of the project; 

 Coordinating with LDWG, EPA, and Ecology on schedule, deliverable, and other 
administrative details. 

2.1.4.2 Project Engineer 

Rob Webb of DOF will serve as the Project Engineer (PE) and the CQA team leader under 

direction from the Project Representative.  Mr. Webb will provide technical assistance and perform 
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limited field oversight during construction as necessary to support activities by the Field Engineer 

(FE).  The PE’s roles and responsibilities include, but are not limited to, the following: 

 Overall responsibility of construction QA; 

 Overall responsibility for CQA field staff; 

 Resolve design issues during construction coordinating with the Project 
Representative; 

 Coordinate technical aspects of the project with the Contractor, and 

 Inform King County PM and Project Representative of issues encountered during 
construction. 

2.1.4.3 Field Engineer 

The FE reports to the Project Representative, works with the CQA field engineering staff, and 

monitors daily construction, inspections and monitoring activities to assure compliance with the 

CQAPP. 

The Field Engineer will be Dan Pickering of DOF. 

Responsibilities of the FE include, but are not limited to, the following: 

 Coordinate activities with the Project Representative; 

 Resolve any design and construction issues or conflicts with the Project 
Representative and the Contractor; 

 Identify and resolve construction deficiency issues; 

 Notify the Contractor’s Site Safety Officer of any emergent safety issues; 

 Notify the Project Representative of any needed direction to the Contractor; and 

 Maintain project documentation. 

2.1.4.4 Assistant Field Engineers/Inspectors 

The FE may be assisted by Assistant Field Engineer(s) (AFE), who will assist in the inspection and 

documentation of daily activities.  AFEs may include subcontractors such as divers for inspections. 

Responsibilities and authorities of the Assistant Field Engineers and Inspectors include, but are not 

limited to: 
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 Review the Contractor’s QC testing and inspection results of behalf of the FE and 
Project Representative; 

 Document details of the work progress on the daily and weekly status reports; 

 Inspect and document all construction activities; 

 Document equipment and personnel on site daily; 

 Conduct any QA testing; 

 Perform water quality monitoring and documentation; 

 Install grade stakes; 

 Inspect plots using divers, and 

 Coordinate and manage data from dive inspections of plots. 

2.1.5 Construction Contractor 

King County will retain a contractor to implement the pilot study.  The Contractor’s Project Manager 

(PM) will report to the Project Representative.  The Contractor’s Site Superintendent shall be onsite 

whenever work is being performed and will report to the Project Representative. 

The Contractor is responsible for completing the construction in accordance with the design 

drawings and specifications, the approved Work Plan, CQCP, approved permits and substantive 

compliance conditions, and all approved changes to these documents, as well as conducting 

Quality Control including appropriate tests and inspections to verify that the work meets all of the 

design requirements. 

The Contractor will furnish a Work Plan that includes a CQCP for review and approval by King 

County, LDWG, the CQA team and EPA/Ecology.  The CQCP will identify the inspections, 

monitoring, surveys, and other actions to be taken by the Contractor as required by the plans and 

specifications to ensure that the work complies with all contract requirements.  The CQCP needs to 

be approved by LDWG and EPA/Ecology before construction Notice to Proceed (NTP). 

The Contractor will use methods described within their CQCP to ensure project performance and 

compliance with the approved design drawings and specifications.  The Contractor will have a 

dedicated Quality Control Officer (QCO) on site throughout the duration of the Project.  The QCO 

will have the ability and authority to ensure that the work is performed in accordance with the 

approved plans. 
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In addition, the Contractor will submit a site-specific Health and Safety Plan (HASP) that will cover 

the controls, work practices, personal protective equipment, 40-hour HAZWOPER (& 8 hour annual 

refresher as appropriate) certifications for all onsite Contractor personnel, and other health and 

safety requirements that will be implemented in connection with the construction work.  A similar 

site-specific HASP will be required for all subcontractors.  The Contractor will ensure that all their 

staff and subcontractors’ staff follow the approved quality control, documentation, and health and 

safety procedures, and document as-built conditions. 

2.1.5.1 Contractor’s Project Manager 

Contractor will employ a Project Manager (PM) with at least 8 years of remedial construction 

supervisory experience on sediment remediation projects including a minimum of one marine 

remediation project in the Puget Sound and one project using precision instrumented excavator for 

in water material placement. 

The Contractor’s Project Manager reports to the Project Representative, and is responsible for 

overseeing completion of the construction work in accordance with the project plans and 

specifications, design drawings, and the approved CQCP, or approved changes of the same.  The 

Contractor’s Project Manager is supported by the Contractors Site Superintendent, QC Manager, 

and Health and Safety Officer.  The responsibilities and authorities of the Contractor’s Project 

Manager include, but are not limited to: 

 Ensure construction is conducted and completed in accordance with the plans and 
specifications; 

 Ensure that the Contractor’s staff follow the approved quality control and health and 
safety procedures; 

 Ensure that required tests and inspections are conducted; 

 Ensure that the Contractor’s staff performing the tests and inspection are properly 
trained; 

 Ensure that testing and inspection results meet QC requirements; 

 Inform the FE and Project Representative of any new finds or changed conditions; 

 Provide QC documentation to the FE and Project Representative; and 

 Submit as-built conditions to the Project Representative. 

The Contractor’s Project Manager has the full authority to execute any and all actions necessary to 

ensure that the construction work complies with the project plans and specifications, and HASP. 
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2.1.5.2 Contractor’s Site Superintendent 

Contractor shall designate a Site Superintendent.  The Site Superintendent should have at least 

8 years of sediment remediation construction supervisory experience including a minimum of one 

marine remediation project in the Puget Sound and one project using precision instrumented 

excavator for material placement.  The Site Superintendent will be on site full time whenever work 

is being performed and supports Contractor’s PM.  The responsibilities and authorities of the Site 

Superintendent include, but are not limited to: 

 Ensure construction is conducted and completed in accordance with the plans and 
specifications; 

 Ensure that the Contractor’s staff follow the approved quality control and health and 
safety procedures; 

 Ensure that required tests and inspections are conducted; 

 Ensure that the Contractor’s staff performing the tests and inspection are properly 
trained; 

 Ensure that testing and inspection results meet QC requirements; 

 Provide QC documentation to the Contractors Project Manager, for submittal to the 
FE and Project Representative, and 

 Document as-built conditions. 

2.1.5.3 Contractor’s Quality Control Officer 

Contractor will designate a full time Quality Control Officer (QCO) for the Project.  The QCO will be 

an engineer or technician knowledgeable of standard QA/QC procedures for construction activities 

on aquatic environmental remediation projects with at least 2 years’ experience including a 

minimum of one marine remediation project in the Puget Sound and one project using precision 

instrumented excavator for material placement.  The Contractor’s QCO is responsible for ensuring 

that the construction work meets the requirements in the project plans and specifications, 

communicates directly with the Project Representative or designee (specifically the FE and AFE), 

and reports to the Contractor’s PM.  The QCO’s responsibilities include but are not limited to: 

The QCO’s responsibilities include: 

 Implementing the approved CQCP; 

 Adhering to project specifications, drawings, and field changes approved by the 
Project Representative; 

 Performing required inspections specified in the CQCP; 
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 Ensuring that testing and inspection results meet QC requirements; 

 Revising the CQCP as required and approved by the Project Representative; 

 Maintaining QC documentation, and 

 Providing QC documentation to the Contractor’s Project Manager. 

The QCO has the full authority to execute any and all actions necessary for implementing the QC 

program to ensure compliance with the project plans and specifications. 

2.1.5.4 Health and Safety Officers 

Each consultant and contractor will designate a Health and Safety Officer (HSO), who will be 

primarily responsible for implementing and overseeing that firm’s HASP.  Specific responsibilities of 

each HSO will include providing that firm’s staff with the HASP that deals with project-specific 

hazards, ensuring that all employees are trained in appropriate safety techniques relevant to the 

project, ensuring that safe work procedures are followed at the job site, ensuring that proper safety 

equipment is available at the job site, and maintaining Health and Safety documentation and 

providing such documentation to the Project Representative. 

3.0 QUALITY CONTROL AND QUALITY ASSURANCE ACTIVITIES 

This section describes the QC and QA activities to be performed for different elements of the 

Project. 

3.1 PROJECT BEST MANAGEMENT PRACTICES 

The following best management practices (BMPs) have been developed for the Project and will be 

used for ENR material preparation and placement.  These BMPs have been developed to improve 

material placement or meet other objectives such as water quality during placement.  These BMPs 

are summarized in this document to provide quick reference, but are explained further in 

associated documents: 

 Precision rigid arm excavator – Use precision, rigid arm excavator with real-time 
navigation and positioning system for material placement. 

 Water-Tight Barges for ENR+AC Material – Verify barges are watertight to extent 
necessary prior to use.  Perform hydrostatic test to verify and inspect for leaks as 
possible sources of turbidity during construction. 

 Test Placement – Perform test placement, in location shown on plans, prior to actual 
plot placement to determine optimal bucket fill factor and bucket grid pattern to 
achieve thickness of placed material with thickness value of 6-9 inches at 80% of 
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locations with no single location less than 4 inches in the area where two lifts were 
placed. 

 Bucket Fill Factor – Achieve uniform bucket fill factor, based on test placement, as 
practicable during in water material placement over Plot areas. 

 Saturate AC – Monitor and adjust water level within ENR+AC material barge as 
needed to maintain flooded condition during and four a minimum of 12 hours prior to 
and during in water placement of ENR+AC Material. 

 Clamshell Bucket Vertical Control – Place bucket approximately 2 to 2.5 feet above 
existing bottom grade as practicable during bucket opening without getting closer than 
2 feet to bed at any time during placement operations. 

 Clamshell Bucket Horizontal Position – Based on Test Placement, use bucket grid 
pattern developed to optimize material placement at target thickness.  Pre-program 
pattern into navigation system prior to placement. 

 Use of Spuds – Limit disturbance of Plot areas before and during construction due to 
spud operations, anchors, cables, and excessive tug maneuvering.  Verify equipment 
is properly sized such that excavator can place a minimum of two bucket rows, as 
measured from front of barge outward, from each spud set location throughout full 
project depths.  Do not place spuds in areas where ENR or ENR+AC material has 
already been placed.  Other disturbances to plot areas by anchors, cables, prop 
wash, vessel grounding or similar shall be avoided. 

Consistent with the Biological Evaluation the following BMPs will also be used: 

 All mechanized equipment will be maintained in proper operating condition, with 
equipment inspections occurring prior to each workday.  Equipment found to be 
leaking petroleum products or hydraulic fluid will be removed from the site for 
maintenance. 

 Drip pads or pans will be placed under mechanized equipment to contain any 
potential leaks of petroleum products or hydraulic fluids. 

 To the extent possible, vegetable-based hydraulic fluids will be used. 

 A spill kit will be kept on work vessels to contain any potential petroleum spills that 
might occur. 

 Ecology and the U.S. Coast Guard will be contacted immediately in the event of a 
spill. 

 Any project-related debris or wastes will be placed in appropriate containers for off-
site disposal.  No project-related debris or wastes will be allowed to enter the water. 

 Barges and work vessels will not be allowed to run aground on the substrate.  Work 
barges will be held on station with spuds or anchors. 
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If there is a confirmed exceedance of the turbidity compliance criterion during construction 

monitoring, the Project Representative may direct the contractor to institute the following or other 

BMPs consistent with the Water Quality Monitoring Plan (WQMP; Appendix F of the Narrative 

Design Report): 

 Review the documented operations at the time of the exceedance; specifically 
determine whether the in-water placement of ENR or ENR+AC or a non-project-
related activity was occurring at the time of the exceedance. 

 Once the activity resulting in the exceedance has been identified, determine the likely 
cause of the excess turbidity by reviewing the log of operations. 

 The contractor may modify operations per direction from the Project Representative or 
designee (the FE).  Potential modifications may include an adjustment to the 
placement process, including the following: 

 Decreasing the velocity of the bucket through the water column. 

 Pausing the bucket above the sediment surface before opening it. 

 Stopping work temporarily or increasing cycle time. 

 Modifying the position of barges to reduce potential grounding or scour from the 
tugs. 

 Modifying the ENR or ENR+AC material barge loading to reduce material spillage. 

3.2 GENERAL QA ACTIVITIES 

General QA activities include, reviewing the Contractor’s construction and QC records, observing 

the Contractor’s QC tests and inspections, and conducting independent testing and inspections. 

3.2.1 Verification of Contractor’s QC Program 

The CQA team that includes the Project Representative, FE, and AFE will review the Contractor’s 

construction and QC records on a daily basis and obtain QC documentation from the Contractor 

and provide the information to the Project Representative.  The CQA team directed by the Project 

Representative will observe and provide oversight of the Contractor’s QC testing and inspections 

to verify that: 

 The frequency of testing and inspection meets CQCP requirements. 

 Testing equipment is calibrated. 

 Testing is performed properly. 

 QC results meet CQCP requirements. 
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 Compliance with project BMPs. 

3.2.2 Independent Testing and Inspections 

As described in later subsections, the CQA team will perform independent testing and inspections 

as required by this CQAPP to verify: 

 Equipment meets the project plans and specifications. 

 Products (ENR and AC materials) meets the project plans and specifications. 

 Placement including locations, dimensions, elevations, and tolerances indicated in the 
project plans and specifications. 

 Water Quality Compliance. 

 The CQA team will verify that all testing equipment and apparatus are in working 
order and properly calibrated. 

3.2.3 Project Closeout 

Prior to demobilization, the Project Representative and FE will verify that: 

 Accurate as-built drawings are prepared. 

 Corrective actions for construction deficiencies are completed and recorded. 

 All QA/QC documents are complete and properly filed. 

3.3 QA AND QC OF PRODUCTS 

3.3.1 Verification of AC Material 

AC gradation requirements can be found in Specification Section 02221 Part 2.  A minimum of 

15 days prior to ordering AC material, the Contractor will submit the following information to the 

Project Representative for approval: 

 AC Supplier’s name and material type;  

 A sample of the AC, as described in the Specifications, so the CQA team can submit 
for chemical analysis for PCB content; 

 Results of gradation tests for the AC materials to be imported. 

Upon delivery of AC material to the ENR material loading facility, the CQA team will inspect the 

material to verify that the materials are the same as what is proposed by the Contractor and a 

sample of which was previously submitted, analyzed and approved.  When required by the 

CQAPP, the FE will obtain the manufacturer’s certificate for each lot of material delivered, which 
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will be signed by a responsible person employed by the manufacturer.  The FE will verify that 

certificates are provided for all received material and that the certified properties meet design 

specifications. 

The FE, in conjunction with the Project Representative, will reject incorrect material and verify that 

the rejected materials are either removed from the site or stored at a location separate from 

accepted material.  Material that does not have the manufacturer’s certificate will also be stored 

separately from accepted material until the certificates are received and approved by the FE.  The 

FE will verify that all materials are stored with adequate safeguards to protect against damage. 

3.3.2 Verification of Sand and Gravelly Sand Products 

3.3.2.1 Contractor Verification of Sand and Gravelly Sand Products 

The Contractor shall perform the following verification of sand and gravelly sand products: 

 Provide source of products to the CQA team; 

 Inspect source of products; 

 Verify sieve analysis matches the criteria designated in the Specifications; and 

 Provide sample(s) of the products, as described in the QAPP, to the CQA team at 
least 4 weeks prior to anticipated mobilization. 

3.3.2.2 QA Verification of Sand and Gravelly Sand Products 

The consultant CQA team including the FE, AFE, and the Project Representative shall perform the 

following verification of sand and gravelly sand products: 

 Inspect source of products; 

 Submit sample(s) for chemical analysis per QAPP; and 

 Verify sieve analysis and chemical analysis matches the criteria designated in the 
Specifications. 

3.3.3 Verification of AC-amended Sand and Gravelly Sand 

3.3.3.1 Contractor Verification of AC-Amended Sand and Gravelly Sand 

The Contractor shall perform the following verification of AC-amended sand and gravelly sand: 

 Provide blend method in the Contractor Work Plan submittal; 

 Provide weigh tickets of AC and sand or gravelly sand ENR Material (separate ticket 
for AC and for sand or gravelly sand; shall confirm specified% by weight AC) from the 
loading of each barge (or truck as appropriate); 
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 Provide sample(s) of blended material to the CQA team 1 week prior to expected 
mobilization; and 

 Provide sample(s) to the CQA team periodically, as described in Specifications. 

3.3.3.2 CQA Verification of AC-Amended Sand and Gravelly Sand 

The CQA team shall perform the following verification of AC-amended sand and gravelly sand: 

 Observe the blending/loading of the AC-amended sand and gravelly sand in real-time; 

 Visually verify the consistency of the blended material; 

 Verify that the blended material meets the acceptance criteria designated in the 
Specifications (target percent by weight) based on visual observations and scale 
tickets from barge loading operations; and 

 Collect random samples of the AC amended ENR materials from barge prior to 
placement for information only to determine the detected range of AC in the blend. 

3.4 QA AND QC PROCEDURES FOR ENR & ENR+AC PLACEMENT 

This section presents QA/QC requirements for in-water placement of ENR material and ENR+AC 

material.  Table 2 summarizes the anticipated QA/QC monitoring requirement for in-water work, 

including frequency and personnel responsible for performing monitoring.  The results of these 

inspections and monitoring activities will be documented as specified in Section 5.0 of this 

document. 

3.4.1 Prior to Construction 

Prior to construction, the Contractor will do the following: 

 Establish survey and positioning controls; and 

 Ensure all equipment is functional and ready for mobilization. 

The necessary inspections by CQA staff will be performed prior to the start of construction 

activities, including inspecting all equipment to be used by the Contractor that could affect the 

quality of the project and to verify compliance with the project specifications.  Items to be 

specifically included during preconstruction inspections include ENR material plant and equipment, 

navigation and positioning equipment and display, tidal gauges, telemetry, and other individual or 

integrated systems on ENR material plant or survey vessel. 
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3.4.1.1 ENR/AC Material Inspection, Sampling, Analysis 

As described in the QAPP, baseline sampling will be conducted to establish the conditions within 

each subplot prior to placement.  During this timeframe, the Contractor will provide samples to the 

Project Representative who will have the QCA staff test the samples of the ENR and AC 

substrates.  Those tests will follow the requirements described in the QAPP.  ENR material will be 

tested for SMS compounds, TOC, and grain size and the AC material will be tested for PCB 

congeners, as described in the QAPP. 

3.4.1.2 Equipment Inspection 

Prior to the start of any construction, periodically throughout the project and after any change of 

equipment, the FE will inspect all equipment to be used.  These inspections will include but not be 

limited to: 

 Prior to loading any ENR material, Material barge bins will be tested by pumping 
water from the Duwamish Waterway into the bin up to a level of approximately 2 feet 
deep.  Material bins on barges will be inspected for water tightness with minor 
weeping, as determined by the CQA team, being acceptable; any visible leak 
determined to be of unacceptable magnitude by the Project Representative, including 
any causing turbidity impacts, shall be repaired by Contractor and then re-inspected 
until no visible leaks of unacceptable magnitude occur; 

 Verification and inspection of positioning/navigation equipment; and 

 Verification that navigation and offsetting bucket files have been assembled. 

3.4.1.3 Grade Stake Placement 

Prior to ENR material placement within any subplot or test placement area, King County will install 

breakaway grade stakes within the subplot or test placement area.  Within the Test Placement 

(Demonstration) areas, stakes will be installed at a rate of 1 per 100 square feet.  In subplots, 15 

stakes will be installed per subplot at approximate locations shown on the Project Plans.  Stakes 

shall be placed within one week of planned material placement within a sub plot.  Stakes will be 

placed by diver or possibly by foot access at low tide at the intertidal plot at location shown on 

plans.  The location of the stakes will be surveyed in using either a global positioning system 

(GPS) rod placed directly on or adjacent to the stake or by diver using small buoy to display 

location on water surface where GPS can be used to survey. 

It is anticipated that stakes will be made from 1-inch diameter PVC pipe or similar, as approved by 

the Project Representative prior to installation, driven approximately 1.5 feet (18 inches) to 3 feet 

(36 inches) into the existing waterway bed as practicable to prevent over turning based on 

sediment characteristics and extending 1.5 feet (18 inches) above the existing waterway bed.  
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Stakes shall be clearly marked in 1-inch increments from 0.0 feet (set at existing mudline) up to 

1.5 feet (18 inches) at top of stake. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2 – Conceptual Grade Stake 

 

3.4.2 ENR/AC Test Placement Demonstration 

Prior to waterway placement, Contractor will perform test placement demonstrations in designated 

demonstration areas (as shown on Plans) within the intertidal zone of the Duwamish Waterway for 

both the AC amended sand ENR material and the gravelly sand ENR material.  The test 

Placement Demonstration areas are located near and within the intertidal plot.  Timing of the test 

placement will occur during one of the two timeframes: 1) November 29th, 2016 through December 

1st, 2016; or 2) December 12th, 2016 through December 16th, 2016, where daytime high tides will 

allow access to the demonstration areas for floating equipment and evening low tides will allow 

access for visual inspection of material placement within the demonstration area.  The purpose of 

the test placement is to evaluate material spread characteristics and behavior when placed 

underwater and then use that information to develop actual bucket placement pattern and bucket 

fill factor to be used for in water plot placement. 

The Test Placement will occur in the following manner: 

1. Using a water-tight material barge that has been inspected for leaks by the Project 

Representative, have material loading facility convey blended ENR+AC material into barge 

Existing 
Mudline 

Proposed Grade Stake to 
be installed prior to 
material placement.  

Extend ~1.5 to 3’’ below 
grade and 1.5’ above 
grade.  Portion above 
grade marked in 1’1’’ 

increments 

1.5’
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(perform separately for sand ENR material and gravelly sand ENR material).  Barge loading 

to be observed by Project Representative. 

2. When at site, flood the material barge using saline water pumped from the Duwamish until 

the water level is approximately 1-2 inches above the ENR material; maintain flooded 

condition for the specified minimum time prior to placement. 

3. Test placement to be performed during second high tide of day that precedes lower low tide 

of the day, which occurs later that evening. 

4. Within each test placement area, Contractor shall place 2 lifts over approximately 75% of 

the test placement area and only one lift over approximately 25% of the test placement area 

such that the results of single lift placement and double lift placement can be evaluated and 

information used to adjust placement as necessary to meet project objectives. Within the 

test placement area located within the intertidal plot, the area where only one lift is placed 

during the Test Placement shall have a second lift placed as part of the placement within 

that sub plot. 

The first lift shall be intended to place approximately 4.5 inches of material over the 

placement area. The Second lift is intended to place an additional approximately 4.5 inches 

of material.  The second lift shall be placed by offsetting bucket grid pattern by ½ bucket 

dimension in X & Y directions with target to achieve total target thickness of 6 to 9 inches 

over a minimum of 80% of the area and 100% of area is 4 inches or more in thickness. 

5. As material is removed from the barge, pump water into or from the barge as necessary to 

maintain water level approximately a 1-2 inches water depth above the material. When 

discharging water to the Duwamish use a bag filter 1 micron opening size to remove 

turbidity and comply with Water Quality Memo.  Alternately material in barge may be 

adjusted provided it does not create additional winnowing or segregation of material as 

determined by Project Representative.  

The Project Representative will verify test placement thickness on low tide following placement by 

reading grade stakes within demonstration area and approving thickness of placed material within 

tolerance of 6 to 9 inches at 80%1 of locations with no single location less than 4 inches in areas 

where two lifts were placed.  The FE or AFE, on behalf of the Project Representative, will also 

monitor pumping during return of water used to saturate material in barge to the LDW following the 

test. 

                                                 
1 Excluding areas where existing bathymetric features or relief dictate potentially thicker localized resulting 
placement thickness. 
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This test is to be conducted once for AC amended sand and once for AC amended gravelly sand 

by the excavator operator assigned to perform placement at the sub plots.  When method of 

placement of material is acceptable to the Project Representative, placement within subplots may 

begin. 

3.4.3 During Construction 

During construction, the AFE, at the direction of the Project Representative, will conduct regular 

monitoring and observations as needed to verify the quality of the work.  Examples of these 

verifications and monitoring are described below.  Table 2 has a complete list of QA monitoring 

activities to take place during construction. 

 Verification of correct material type for placement area; 

 Verify daily clamshell bucket positioning calibration tests; 

 Daily bucket inspections; 

 Bucket placement is within approved pattern and in correct order; 

 Monitor lift thickness being placed through diver surveys (divers will place grade 
stakes prior to placement of material and read grade stakes upon completion of 
placement in each area); 

 Verification that material placed within sub-plot is weight equivalent for area based on 
scale tickets and/or barge draft during placement as appropriate; 

 Document placed layer characteristics through coring; 

 Verify full coverage and uniform placement through continuous observation during 
placement; 

 Verify that spuds are not used in areas where material has already been placed within 
the plots by making sure Contractor’s grid pattern is properly executed. 

3.4.3.1 Positioning/Navigation System 

The excavator operated by the Contractor will be instrumented with DGPS and inclinometers so as 

to accurately determine the location of the bucket within +/- 4 inches in the X, Y, and Z axis (i.e., 

horizontally and vertically) including bucket rotation. 

Positioning system will be inspected by the FE or AFE to confirm that system is consistent with 

Contractor’s previous submittals describing system and that system meets required accuracy 
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3.4.3.2 Bucket Grid Pattern and Fill Factor 

The following bucket grid pattern and fill factor will be performed by the Contractor: 

1. Use bucket grid pattern and fill factor developed during test placement for in-water 

placement. 

2. Spuds shall not be set within area where material has already been placed.  This requires 

the placement of both lifts while stepping barge through the placement area once.  In order 

to ensure that no spuds are used over an area where material has already been placed 

within each subplot, the Contractor shall use the grid pattern and stepping presented here 

(or similar as approved by Project Representative to prevent use of spuds within already 

placed plot areas): start placement at the end of placement lane within the subplot; start 

placement with farthest rows out from the excavator; complete two adjacent rows, then 

perform the second pass on the first row (consistent with the grid pattern deemed 

acceptable during the test placement); continue pattern until the closest row attainable by 

the excavator is reached; step or move backfill barge backwards (away from area just 

placed); repeat pattern. 

The Project Representative designee (FE or AFE) will be on backfill barge at all times during 

material placement and will verify that the correct bucket grid pattern and approximate fill factor 

developed during test placement are being used and that buckets are being placed in the correct 

sequence. 

3.4.3.3 Diver Inspection of Plots 

To verify full coverage of each plot and qualitatively document placement results, CQA divers will 

swim at least 4 transects across each subplot, visually assessing placement results including 

coverage (percent of area based on visual observation) and relative surface uniformity or 

roughness.  Additionally divers will report any observed abnormalities including presence of large 

debris that may be impacting placement or other features that may impact monitoring. 

3.4.3.4 Thickness Verification of Placed ENR and ENR+AC Materials 

Two methods will be used by the CQA team on behalf of the Project Representative to assess 

Contractor’s successful placement of thickness within tolerances.  These methods will be used for 

test placement areas and all subplots. 

First, FE or AFE will calculate placement on a volumetric basis.  FE will verify for each sub-plot that 

material placed in two 4.5 inch lifts within each sub-plot is weight equivalent to a 9-inch nominal 

layer for the area, based on scale tickets and/or barge draft during placement as appropriate.  FE 
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or AFE will also be continuously observing placement to confirm bucket patterns and locations are 

as defined in the Contractor’s placement plan. 

Second, CQA staff divers (or foot access in intertidal areas) will take direct measurements of 

thickness.  Thickness grade stakes will be used determine placed thicknesses at specific points.  

To verify placement thickness within each subplot, suitable grade stakes will be placed by divers in 

the subplot prior to placement of ENR or ENR/AC Material within that subplot.  Stakes will be 

placed at a density of 15 stakes per subplot (~1 stake per 0.03 acre).  The grade stakes will be 

marked prior to deployment with an incremental mark every 1 inch with up to 1.5 feet above 

existing mudline prior to material placement.  After ENR or ENR/AC Material placement, divers will 

be used to read off placement thickness.  Stakes will be left in place for future monitoring. 

The thickness acceptance criteria are: 

 Placement thickness of 6-9 inches in 80%2 of stake locations per subplot; 

 Placement minimum thickness of 4 inches at approximately 100% of stake locations 
per subplot, and 

 No placement that impedes navigation. 

The visual diver observations described above may also be considered in determining compliance 

with the target thickness criteria.  Should the thicknesses be determined out of compliance, the 

Project Representative will notify the Contractor of the need for corrective action, which may 

include placement or relocation of additional material, as directed by the Project Representative.  

These CQA tasks and any corrective actions must be complete before the Contractor is permitted 

to move to the next set of subplots.  Material from areas where the placement it too thick will only 

be relocated if it shall encroach upon the existing Federal authorized navigation depth and thereby 

poses a hazard to navigation as determined in consultation with the U.S. Army Corps of Engineers 

(USACE). 

Any extra ENR or ENR+AC material left over after acceptance of layer thicknesses for plots may 

be placed immediately adjacent to any of the plots within the areas specified on the Plans.  All 

procedures for placement of material within the plots should be used for placement outside of the 

plots.  ENR or ENR+AC materials would be placed adjacent to subplots of similar material. 

                                                 
2 Excluding areas where existing bathymetric features or relief dictate potentially thicker localized resulting 
placement thickness. 
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3.4.3.5 Documentation of Layer Characteristics 

The CQA divers will collect push cores for visual observation of layering, carbon segregation, 

thickness, intermixing of native materials, etc.  These would be performed for documentation only. 

3.4.3.6 Hydrographic Surveys 

Multibeam surveys are to be performed by the hydrographic surveyor retained by the Contractor 

both before and after placement of material.  These surveys are for documentation only and will be 

used to create as-built surfaces for each plot.  For intertidal plots, surveys will need to be 

performed during higher tides to allow full coverage up to the higher elevations within the plots. 

The FE will review the surveys for major anomalies and potential interference with navigation 

requirements. 

3.4.3.7 Water Quality Monitoring Compliance 

Water quality monitoring is to be performed by the CQA team during in-water work to verify 

compliance with the Section 401 Water Quality Memo.  Details of water quality monitoring are 

presented in the Water Quality Monitoring Plan (WQMP). 

Water quality monitoring will be performed by sampling water upstream and downstream of the 

ENR or ENR/AC Material placement according to the requirements of EPAs Section 401 Water 

Quality Memo.  Data will be routinely monitored to verify compliance.  If water quality parameters 

are identified that do not meet the criteria listed in the Section 401 Water Quality Memo, and if 

these effects cannot be shown to be unrelated to the construction activities, the Contractor will be 

required to modify or suspend operations until water quality improves. 

The CQA team will verify compliance with manufacturers’ recommendations for equipment 

calibration.  Calibration logs will be maintained for all instruments. 

Water quality data will be reported to EPA on a weekly basis unless an exceedance event is 

recorded, as described in the WQMP. 

3.4.3.8 Notification of Water Quality Exceedances 

The communications and decision making roles for water quality exceedances are described in 

detail in the WQMP.  In the event that any water quality criteria specified in the Section 401 Water 

Quality Memo are not met, EPA will be notified on the same day by the Project Representative via 

the point of contact designated in the Water Quality Memo. 
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3.4.4 Post Construction 

The CQA team will verify that final ENR or ENR+AC Material placements have been completed 

and that final as-built conditions and other reporting requirements are properly documented. 

4.0 CONSTRUCTION DEFICIENCIES 

This section describes the procedures for identifying and correcting construction deficiencies, 

which consists of Contractor QC deficiency and construction quality deficiency.  The Project 

Representative has the authority to approve corrective actions for construction deficiencies, subject 

to EPA approval. 

4.1 CONTRACTOR QC DEFICIENCY 

Contractor QC deficiency occurs when the Contractor fails to comply with their CQCP.  When a 

Contractor QC deficiency is identified by the CQA team on any segment of the work, the CQA team 

may immediately stop the construction work on the affected segment, depending on the deficiency.  

Such deficiency will be immediately brought to the attention of the Project Representative and the 

Contractor’s Project Manager for correction.  Construction work may resume after the CQA team 

determines that the Contractor has met the QC requirements on the affected segment.  The CQA 

team will document such deficiencies and Contractor’s corrections in the daily/weekly reports, 

together with the corrective action taken or planned. 

4.2 CONSTRUCTION QUALITY DEFICIENCY 

Construction quality deficiency occurs when any material, work performed, or installation does not 

meet project plans and specifications.  When a construction quality deficiency is identified by the 

CQA team at any time, the CQA team will immediately stop the construction work, and notify the 

Project Representative and the Contractor’s Project Manager of such deficiency.  King County’s 

Project Manager will notify EPA where necessary.  The CQA team will document that non-

conforming material or installations are clearly marked or segregated, to the extent practical, from 

conforming material or installations by the Contractor.  The Contractor will describe proposed 

corrective actions to the Project Representative in writing for approval.  The corrective actions 

could include, for example, placement of additional ENR material in thin spots or replacing 

defective equipment.  Corrective actions will use methods that will not compromise conforming 

work.  The proposed corrective action will be reviewed, review responses will be consolidated, and 

the Contractor be notified that one of the following actions need to be taken: 

 Approve – Proposed corrective actions meet contract requirements.  The Contractor 
will implement corrective actions as proposed, subject to the same QA/QC testing and 
inspections as the original work. 
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 Approve As Noted – Proposed corrective actions meet contract requirements with 
minor changes.  Contractor does not need to resubmit corrective actions, but must 
incorporate the required changes during implementation of corrective actions. 

 Reject – Proposed corrective actions do not meet contract requirements.  Contractor 
must propose alternative corrective actions. 

The implemented corrective actions will be subject to the same QA/QC procedures as original 

construction.  The Project Representative will be the primary point of contact with the Contractor in 

regard to construction quality deficiencies.  EPA will be notified by the King County Project 

Manager if corrective actions may result in changes to EPA approved documents.  Any proposed 

change to EPA approved documents must be reviewed and approved in writing by the EPA Project 

Manager. 

5.0 MEETINGS AND DOCUMENTATION 

This section describes the meetings and QA/QC documentation requirements: 

 Pre-construction (Contractor Work Plans, Preconstruction meeting), 

 During Construction (Daily operations meetings, weekly progress meetings), 

 Post Construction. 

5.1 WORK MEETINGS 

This section describes the format and content of meetings to be conducted as part of the in-water 

work. 

5.1.1 Preconstruction Meeting 

A preconstruction meeting will be conducted prior to the start of field activities. 

5.1.1.1 Attendance 

The preconstruction meeting will be attended by the following personnel: 

 EPA Site Manager and/or designated representatives, 

 Ecology Site Manager and/or designated representatives, 

 LDWG and King County representatives, as determined by each group, 

 King County Project Manager and Project Representative, 

 CQA team, 
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 Contractor’s Project Manager, 

 Contractor’s Site Superintendent, 

 Contractor’s QC Manager, 

 Contractor’s key subcontractor representatives. 

EPA may also invite other participants, such as representatives from the USACE or other 

agencies. 

5.1.1.2 Purpose 

The purposes of the preconstruction meeting are to: 

 Establish lines of authority and communication within the Contract team; 

 To discuss the administrative requirements of the Contract; 

 Address project issues if needed; 

 To define the duties and responsibilities of all parties; 

 Review methods for documenting and reporting inspection data and compliance with 
construction documents, including methods for processing design changes and 
securing EPA review and approval of such changes as necessary; 

 Review methods for distributing and storing documents and reports; 

 Review work area security and safety protocols; and 

 Demonstrate that construction management is in place, and discuss any appropriate 
modifications of the CQAPP to address site-specific considerations. 

All meetings will be documented by the CQA team for the Project Representative and minutes will 

be transmitted to all parties within 7 working days of the meeting. 

5.1.2 Daily Briefings and Planning Meetings 

The FE or Project Representative will attend the Contractor’s daily tailgate Health and Safety 

meeting prior to the start of work each day. 

The FE or AFE on behalf of the Project Representative will run a daily meeting with the Dredging 

Contractor’s Project Manager and Site Superintendent to review: 

 Work performed since previous day’s meeting; 

 Schedule for the next 3 days; 
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 Health and Safety; 

 Weather forecast for the next week and how it may impact work; and 

 Any issues encountered and progress towards resolution. 

Contractor’s operators and other staff will be made available to attend meetings as requested by 

the Project Representative.  When possible, meetings will be scheduled to coordinate with 

Contractor’s shift changes so required personnel can attend.  Any issues and progress towards 

resolution will be provided to the Project Representative within one business day. 

5.1.3 Project Meetings (Progress Meetings) 

Progress meetings will be held on a weekly basis unless King County agrees to a different 

schedule.  The progress meetings will address the following issues: 

 General progress over the past week, including: 

 General progress of construction; 

 Health and Safety issues, if encountered; 

 Problems encountered and associated action items; 

 Planned work for the upcoming week; 

 Pending design, personnel, or schedule changes requiring EPA review and 
approval; 

 Results of ongoing water quality monitoring over the past week, including: 

 Recorded water quality data; 

 Observed non-construction-related events affecting water quality; 

 Summary of any violation of water quality criteria and corrective actions taken; 

 Quality Assurance Monitoring over the past week, including: 

 Results of the FE QA inspections, testing, surveying, and monitoring activities; 

 Out-of-spec conditions that may have been encountered and the actions taken to 
correct the situation; 

 Change Orders, including: 

 Change order status since the last report; 
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 Change orders approved since last meeting. 

Minutes of the weekly project meeting will be prepared by the FE or AFE for the Project 

Representative.  The minutes and a cover memo, providing any required clarifications or 

background information for the record will constitute a Weekly Progress Report (see 

Section 5.2.3.2). 

5.2 WORK DOCUMENTATION 

A variety of field recording mechanisms will be used during the project including electronic data 

files such as bucket placement files, and paper field notes and log books. 

5.2.1 Contractor Submittals Prior to Construction 

Prior to initiating construction activities, the Contractor will prepare and submit documents listed in 

the Design Drawings and Specifications.  These will include the following submittals: 

 Contractor Work Plan(s), 

 Construction Project Schedule, 

 Contractor Quality Control Plan, 

 Environmental Protection Plan, 

 Site HASP, and 

 Examples of all QC forms, including daily and weekly progress reports. 

These Contractor submittals will meet the requirements specified in this CQAPP and the design 

drawings and specifications.  All documents will be provided to the Project Representative in 

accordance with the schedule listed in the submittal register.  All elements of the Contractor Work 

Plan are subject to EPA approval prior to start of construction. 

5.2.2 Contractor Submittals During Construction 

5.2.2.1 Contractor Daily Reports 

The Contractor will submit daily production and quality control reports to the Project Representative 

and FE.  These reports will include details of the work performed that day (location, quantities, 

equipment, personnel), date, period covered by the report, downtime and delays to operation, 

safety, QC methods used, inspections and verifications performed, and field conditions 

encountered that could affect the quality of the completed project. 
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An example of this report is included in Attachment A.  The actual format and content of the daily 

report will be developed by the Contractor and submitted as part of the required submittals prior to 

initiating the start of work. 

The daily report will be submitted by the Contractor to the Project Representative and FE daily via 

e-mail (by 3 PM the day following the day covered by the report).  Signed hard copies of each 

week’s daily reports will be submitted at the end of each week. 

5.2.2.2 Contractors Weekly Report 

The Contractor will submit a weekly report to the Project Representative and FE.  The weekly 

reports will: 

 Summarize actual ENR and ENR+AC production per week over the course of the 
project to date and projected material production per week through the completion of 
the Project. 

 Summarize the number of barges and tons of ENR material delivered per week over 
the course of the project to date and the projected barges/tons for the next 2 weeks. 

 Summarize work planned for the upcoming week. 

 Identify anticipated delays in completing the work on schedule, and recommend 
modifications to the work plan to mitigate delays. 

An example of this report is included in Attachment B.  The actual format and content of the weekly 

report will be developed by the Contractor and submitted as part of the required submittals prior to 

initiating the start of work. 

5.2.2.3 Contractors Closeout Submittals 

At conclusion of construction Contractor shall submit the following: 

 As built surveys of plots; and 

 Summary of construction including description of any difficulties encountered. 

5.2.3 Contractor Quality Control Reporting 

5.2.3.1 Daily Report by FE 

The FE will prepare a daily Operations and QA report which will document site conditions, work 

done by the contractor, issues encountered and resolution for these issues, personnel on site and 

equipment used, and quantity of material placed during the shift.  This report will also include photo 

documentation of activities performed and a progress map of work completed to date.  Additional 

reports such as water quality and QA testing results will be documented but not included in the 



 

Lower D uwamish W aterway G roup 
Port of Seattle / City of Seattle / King County / The Boeing Company 

FINAL 

ENR/AC Pilot Study Construction 
Quality Assurance Project Plan 

December 07, 2015 
Page 31

 

daily report unless there is an issue with QA testing, which would be summarized under the issues 

encountered section of the Operations and QA report.  These reports would not be distributed on a 

daily basis but made available on site if needed. 

5.2.3.2 Weekly Progress Reports 

The FE will prepare a Weekly Progress Report and submit the report via e-mail to the Project 

Representative, who will distribute to EPA/Ecology Site Manager and LDWG representatives and 

Project Manager.  The weekly report will document the following items: 

 Weekly progress meetings and subjects discussed at the weekly progress meetings; 

 General progress of construction with respect to the schedule; 

 Problems encountered and associated action items; 

 Results of ongoing water quality monitoring, including: 

 Time series plots of water quality data, 

 Observed non-construction-related events affecting water quality, 

 Summary of any violation of water quality criteria and actions taken; 

 Outcome from QA monitoring, including: 

 Results of QA inspections, surveying, and monitoring activities performed by the 
CQA field engineering staff, 

 Out-of-spec conditions that may have been encountered and the actions taken to 
correct the situation; and 

 Photographs of: 

 Typical construction activities during the period covered by the Weekly Progress 
Report; 

 Problems encountered, if any. 

5.2.4 Change Orders 

The Contractor will submit all change order requests to the Project Representative for review and 

approval.  All submitted change order requests will include a description of the change, reason for 

the change, the schedule impacts of the change, and cost impacts of the change.  Submitted 

change orders will be reviewed by the Project Representative.  If the submitted change order 

request does not contain all information necessary for review, it will be returned to the Contractor 

for revision. 
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If the proposed change is acceptable to King County, King County will coordinate with LDWG on 

any major project deviations in accordance with LDWG agreements.  Also, if the change requires a 

revision to the design drawings and/or specifications approved by EPA, King County will 

immediately or during the next weekly Progress Meeting, discuss with the EPA site representative.    

EPA will review and approve change orders as expeditiously as possible so to avoid delays in 

construction. 

Change orders that do not materially change the scope of the remediation will not require formal 

EPA approval.  The Contractor will then be notified of the acceptance of the change. 

5.2.5 Construction Report 

Upon completion of the construction work, a draft and final Construction Report will be prepared 

and submitted to the EPA as part of the Draft Year 1 Monitoring Report. 

After completion of Pilot construction, the consulting team will prepare a draft Construction Report 

within 30 days and submit it to the King County PM, Project Representative, and LDWG.  Once 

King County and LDWG approve the draft, the draft report will be submitted to EPA and Ecology 

with the Draft Year 1 Monitoring Report.  A courtesy copy of the construction sections of the Draft 

Year 1 Monitoring Report will be submitted to EPA and Ecology within 6 months of the completion 

of construction.  The objective of the construction report is to document that the Pilot is constructed 

in accordance with the project plans and specifications. 

At a minimum, the Construction Report will include a description of the construction process, a list 

of any design revisions and their justifications, a list of major construction problems and their 

resolutions, laboratory test results, testing data sheets, and as-built drawings stamped and a 

certification statement signed and sealed by a professional engineer licensed in the State of 

Washington. 

The consulting team will prepare a Final Construction Report for submittal to EPA and Ecology 

based on EPA/Ecology comments on the draft report. 

5.3 CONTROL OF QA/QC DOCUMENTATION 

King County’s Project Representative is responsible for controlling all QA/QC documentation, 

including daily and weekly logs, photographs, revisions to the design and specifications, monthly 

status reports, and record drawings.  The FE/AFE will maintain a working set of record drawings 

where all deviations and changes are noted.  All original documents will be maintained in the 

project file located at the construction site.  A duplicate set will be maintained in King County’s 

Project Representative off-site office.  Each document will also be saved electronically on a server 
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in the off-site office.  The Project Representative will maintain a log of all QA/QC documents.  The 

final storage of all project records will be performed in accordance with EPA requirements. 

6.0 CHANGES TO QA/QC REQUIREMENTS 

This section describes the procedure for making changes to the QA/QC requirements in the CQCP 

and CQAPP.  Changes to the CQCP or this CQAPP will be required if: 

 Deficiencies in the CQCP or CQAPP are identified; 

 The scope of work has changed; or 

 The QA/QC procedures are deemed to be excessively hindering work productivity. 

6.1 CHANGES TO CQCP 

The Project Representative or the Contractor may initiate changes to the CQCP.  The Contractor is 

required to submit proposed changes in writing to the Project Representative for review and 

approval.  The Project Representative has the authority to approve the Contractor’s proposed 

changes or require the Contractor to make other changes to the CQCP.  No changes will be made 

to the CQCP without the Project Representative’s approval.  The revised QC program is in effect 

immediately upon approval by the Project Representative.  If the changes to the CQCP will result 

in changes to the CQAPP then the procedures in Section 6.2 will be followed to obtain agency 

approval. 

6.2 CHANGES TO CQAPP 

The FE or Project Representative may initiate revisions to the CQAPP.  The FE will submit a 

revised CQAPP to the Project Representative for review and approval. 

No changes will be made to the CQAPP without the approval of the Project Representative.  The 

Project Representative will then coordinate changes to the CQAPP with EPA for their formal written 

approval.  Any proposed change to EPA approved documents must be reviewed and approved in 

writing by the EPA Project Manager. 
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TABLE 1 
 

PROJECT CONTACT INFORMATION 
 

 Project Role Name Company Phone Email

Agency EPA Project 
Manager 

Elly Hale EPA 206.553.1215 hale.elly@epa.gov 

Agency Ecology Project 
Manager 

Ron Timm Ecology 425.649.7185 rtim461@ecy.wa.gov 

Construction 
Management 

King County Project 
Manager 

Jennifer 
Kauffman 

King County 206.477.5449 jennifer.kauffman@ 
kingcounty.gov 

Construction 
Management 

King County Project 
Representative 

Randy Brunke King County 206.477.5654 randy.brunke@ 
kingcounty.gov 

CQA field 
staff 

Project Engineer Rob Webb DOF 360.394.7917 rwebb@dofnw.com 

CQA field 
staff 

Field Engineer Dan Pickering DOF 360.394.7917 dpickering@ 
dofnw.com 

CQA field 
staff 

Assistant Field 
Engineer 

TBD    

Consulting 
Team 

Consultant Team 
Project Manager 

Cliff Whitmus AMEC Foster 
Wheeler 

425.921.4023 cliff.whitmus@ 
amecfw.com 

Construction 
Contractor 

Contractor Project 
Manager 

TBD    

Construction 
Contractor 

Contractor Site 
Superintendent 

TBD    

Construction 
Contractor 

Contractor Quality 
Control Officer 

TBD    

Construction 
Contractor 

Contractor Site 
Safety Officer 

TBD    
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TABLE 2 
 

QUALITY ASSURANCE MONITORING ELEMENTS AND FREQUENCY 
 

Construction 
Element Monitoring Requirement 

Monitoring 
Performed By 

Monitoring 
Frequency 

Prior to 
Construction 

Verification and inspection of all ENR 
material, surveying, positioning and 
navigation equipment.  Material bins on 
barges will be inspected for appropriate 
water-tightness. 

FE 
Prior to start of 
construction 

ENR/AC material inspection, sampling, 
and analysis.  Verification of initial blend 
ratios based on weight observations 
during barge loading. 

FE or AFE 
Prior to material 
placement or test 
placement 

Prior to 
Material 

Placement 

ENR/AC Test Placement.  Verification 
that material can be placed in 4.5 inch lifts 
to achieve 6-9 inch target thickness at 
80% of locations with no single location 
less than 4 inches in the area where two 
lifts were placed. 

FE/Project 
Representative 

Prior to in-water 
placement other than in 
test placement locations 
as shown on the plans 

In-Water 
Placement 

Visual observation of correct material type 
for placement area, verification of pre-
soaking requirements, bucket fill factor, 
and bucket grid pattern. 

FE 
Continuous during 
in-water placement 

Verification of daily clamshell bucket 
positioning calibration tests. 

FE 
Daily during in-water 
placement 

Verification that material placed in subplot 
is weight equivalent for area based on 
scale tickets and/or barge draft during 
placement. 

FE 
Per each completed 
sub-plot 

Qualitative diver verification of placement 
results including coverage (%of area) and 
relative surface uniformity or roughness. 

AFE 
Per each completed 
sub-plot 

Quantitative verification of placement 
thickness by divers using grade stakes. 

AFE 

Grade stakes placed prior 
to material placement and 
read after completion of 
placement in each 
sub-plot 

Visual observation of layering, carbon 
segregation, and thickness of layer using 
push cores collected by divers. 

AFE For documentation only 

Water quality monitoring to ensure 
compliance with criteria listed in the 
Section 401 Water Quality Memo. 

Design Team  
Periodically as specified 
in the WQMP 

Review of hydrographic surveys. FE or AFE 
After completion of 
sub-plots; for 
documentation only 



 

 

ATTACHMENT A 

Sample Forms for Contractor Daily Report 
  



Report No. XXX Daily Construction and QC Report Enhanced Natural Recovery/Activated Carbon Pilot Study

Lower Duwamish Waterway

Weather:

Max Temp:  Site Conditions: Date Submitted:

Min Temp:  Winds: Work Date:

Precipitation: Shift:

Personnel
Labor or 

Supervision
T&M Task, UP, 

or LS #
Hours Start Finish Equip

T&M Task, 
UP, or LS #

No. Run Stdby Comments

COMPANY

Near-miss Incidents (if any):

Corrective Action (if any):

Other:

SAFETY STATUS:

Accidents (if any):

Illnesses (if any):

TYPE TECHNICAL SPECIFICATION NO.  NATURE OF DEFECT 
CORRECTIVE ACTION TAKEN OR 

PROPOSED
COMMENTS

DAILY QC INSPECTION & VERIFICATION LOG:

COMMENTS :

MATERIALIMPORTED:

MATERIAL TECHNICAL SPECIFICATION NO. for Import MaterialsQTY. TO DATEQTY. T&M Task, UP, or LS #

SUBCONTRACTORS ONSITE:

ACTIVITIES PERFORMED

DOWNTIME, DELAYS OR MAINTENANCE PERFORMED:

Report Prepared By:  

DESCRIPTION OF WORK (detail below):

Report Information:

Signatures acknowledging above:

Contractor:____________________ Date:____________

FE:_________________________ Date:____________ Page 1 of 1



 

 

ATTACHMENT B 

Sample Forms for Contractor Weekly Report 
 



Report No. XXX Weekly Construction and QC Report Enhanced Natural Recovery/Activated Carbon Pilot Study

Lower Duwamish Waterway

Week Ending:

Location Station Start Station Stop
Est. Quantity 

this week
QTY to Date

Barge Loads

Date Description MOB Date DEMOB Date Down Time

MATERIALS IMPORTED

Qty. to DateQty.

Comments

GENERAL COMMENTS

PRODUCTION

Comments

Report Prepared By: 

General Site Conditions: 

SUMMARY OF WORK

EQUIPMENT

Material Qty. to Date

DOWNTIME/DELAYS AND OTHER INFORMATION

SUMMARY OF WORK PLANNED FOR UPCOMING WEEK

Signatures acknowledging above:

Contractor:____________________ Date:____________

FE:_________________________ Date:____________ Page 1 of 1



















































































































































































































































































































































http://www.nws.usace.army.mil/About/Offices/Engineering/HydraulicsandHydrology/HistoricalDatumRegions/NorthPugetSound/DuwamishWaterway.aspx
http://www.nws.usace.army.mil/About/Offices/Engineering/HydraulicsandHydrology/HistoricalDatumRegions/NorthPugetSound/DuwamishWaterway.aspx




































































http://www.nws.usace.army.mil/About/Offices/Engineering/HydraulicsandHydrology/HistoricalDatumRegions/NorthPugetSound/DuwamishWaterway.aspx
http://www.nws.usace.army.mil/About/Offices/Engineering/HydraulicsandHydrology/HistoricalDatumRegions/NorthPugetSound/DuwamishWaterway.aspx
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Typewritten Text
Notes: 
1) Durations shown in schedule are represented in work days. Phases 1 and 2 are each 120 calendar days in duration.
2) In-water work to occur during the scheduled in-water work window for fish protection and also to avoid tribal fishing. Anticipated in-water work to be between November 29th and January 20th.
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