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1 INTRODUCTION

This sampling and analysis plan (SAP) presents project information and sampling and analytical
methodologies that will be employed to perform the fourth year of post-operation sediment
monitoring for the Denny Way/Lake Union combined sewer overflow (CSO) control project.
This work is being performed as part of a long-term sediment monitoring program to meet
requirements of the Biological Opinion WSB-00-039 (NMFS 2000) issued for the project by the
National Marine Fisheries Service (NMFS) under the Endangered Species Act (16 U.S.C. 1531
et seq.).

This SAP has also has been prepared to encompass additional sediment monitoring work that
will be performed in the vicinity of the Denny Way/Lake Union CSO Control Project sediment
monitoring site. The additional sediment monitoring work will include post-remedial monitoring
of the Denny Way CSO Nearshore Interim Sediment Cleanup Project (Ecology 2007, King
County 2008a). All of these data will also be used to monitor natural recovery of sediments in
the area that currently exceeding the Sediment Management Standards chemical criteria.

The SAP includes a description of the project, sampling and analytical methodologies, quality
assurance/quality control procedures, and reporting requirements. All figures referenced in this
SAP are located at the end of the narrative. The SAP has been prepared in accordance with
Washington State Department of Ecology (Ecology) and Army Corps of Engineers (ACOE) SAP
preparation guidance documents (Ecology 2008 and ACOE 2000) as well as Chapter 173-204
WAC, the Washington State Sediment Management Standards (Ecology 1995).
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3 SITE DESCRIPTION AND PROJECT HISTORY

The Elliott West CSO TF and Denny Way CSO outfalls and the associated sediment monitoring
site are located on the northeast side of Elliott Bay, adjacent to Myrtle Edwards Park in Seattle,
Washington (Figure 1). The old Denny Way CSO outfall was located in the intertidal zone and
discharged directly onto the beach during storm events that occurred during low tides. The
shoreline in the monitoring area is heavily armored with rip-rap with the exception of a small
cove with some natural beach characteristics. Bathymetry in the area is moderately sloping.

The old Denny Way CSO was the largest in King County's system and large volumes of
combined storm water runoff and untreated sewage were discharged at this location. Prior to this
location becoming a CSO in 1968, it was a raw sewage outfall. In 1986, The Municipality of
Metropolitan Seattle or Metro (later incorporated into King County) began a trial program to
identify and reduce toxicant inputs to the sewer system discharging through the Denny Way
CSO. The Denny Way Sediment Cap project was instigated in 1990 as a demonstration project
to remediate nearby contaminated sediments. The cap is a 3-foot thick layer of clean sediment
placed over three acres of contaminated sediment offshore of the outfall beginning at the depth
determined to not be subject to wave erosion.

Sediment data from the Denny Way Cap monitoring program showed that surface sediments in
the center of the cap were gradually becoming recontaminated with elevated concentrations of
phthalate compounds, the highest concentrations detected at the monitoring station closest to the
old Denny Way CSO outfall (Striplin Environmental Associates (SEA) 1997). Elevated
chemical concentrations in sediments surrounding the cap have also been detected (SEA 1998).
Chemicals of concern include polychlorinated biphenyls (PCBs), phthalate compounds, and
mercury.

Five areas of concern requiring remediation were identified in the vicinity of the old Denny Way
CSO outfall (SEA 1999). Two of these areas are located inshore of the sediment cap and three
are located offshore of the cap. Dredging and disposal of contaminated sediment following
outfall construction was identified as the preferred remedial alternative for the inshore areas of
concern. Monitored natural recovery was identified as the preferred alternative for the offshore
areas. Sediment monitoring related to site remediation will be addressed in a future project
document.

3.1 The Denny Way/Lake Union CSO Control Project
Construction of the new outfalls was completed in March 2002. The shorter, shallow Denny
Way CSO outfall is designed to discharge untreated CSO during large storm events, on average
of once-per-year in a year of normal rainfall. The longer, deeper Elliott West CSO TF outfall is
designed to discharge treated CSO effluent during periods of moderate rainfall when normal
system capacity is exceeded. The deeper outfall is covered by a concrete “blanket” to prevent
damage from excessive wave action or navigational mishaps. Habitat enhancement following
construction included the placement of “habitat mix” (sand, gravel, cobble) in the disturbed areas
surrounding the construction zone, along with armoring cobbles and boulders and large woody
debris. Destruction of the old Denny Way CSO outfall in August 2002 moved the discharge of
untreated CSO effluent offshore to the new Denny Way CSO outfall. Discharge of untreated
CSO effluent at the new, shallower outfall continued during periods of rainfall that exceed
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normal system capacity until the Elliott West CSO TF came online in June 2005. Now online,
the new facility falls under King County’s National Pollutant Discharge Elimination System
(NPDES) permit for its West Point Treatment Plant and associated CSO treatment plants.

King County has monitored sediment quality at the project site prior and subsequent to
construction of the new outfalls. Monitoring events occurred in: 2001, prior to outfall
construction; in 2003, after completion of all construction activities; and in 2006 , 2007, and
2008 after one, two, and three years of operation. These monitoring events have shown
consistent but decreasing numbers of exceedances of Washington State Sediment Management
Standards (SMS) for mercury, benzyl butyl phthalate, bis(2-ethylhexyl) phthalate, and total
PCBs. Total HPAH (high molecular weight PAH) concentrations at two stations exceeded the
SQS criterion in 2006.

Analysis of the benthic taxonomy data indicates a generally healthy benthic community over
most of the site. The data also indicate, however, that the benthic community assemblage in the
area around the former Denny Way CSO outfall has most likely been impacted by historic
discharges and, possibly, other sources. Some other locations in the shallow, nearshore
environment also show possible environmental stress based on the presence of dominant,
pollution-tolerant species. Benthic data from the 2006, 2007, and 2008 monitoring events
indicate that some opportunistic, pollution-tolerant polychaetes have colonized the area near the
new Elliott West CSO TF outfall.

Data from these five monitoring events indicate no major changes in sediment quality at the site
as a result of outfall construction activities or operation. The 2009 monitoring event, described
in this SAP, will evaluate sediment quality approximately four years after the Elliott West CSO
TF became operational.

3.2 Sediment Remediation at the Denny Way Site
In 1997, King County characterized the nature and extent of surface and subsurface sediment
contamination in the area of the old Denny Way outfall, as well as areas inshore and offshore of
the existing Denny Way sediment cap (SEA 1997). Follow-up sediment sampling conducted by
King County in 2005 demonstrated that chemical concentrations in the offshore areas declined
over time due to a combination of natural processes, including biodegradation of chemicals,
accumulation and mixing of clean sediment, and reduction of contaminant sources (King County
2005). Thus, monitored natural recovery is a prospective cleanup remedy for the offshore areas
(Areas C, D, and E). These areas will continue to be evaluated by the Ecology and the County to
determine if a more active cleanup remedy is required. Areas C, D, and E are shown in Figure 2.

Unlike offshore areas of the site, natural recovery rates in the inshore sediment areas appeared to
be progressing relatively slowly. In order to accelerate cleanup of the site and minimize the risk
of future recontamination to other site areas due to resuspension of inshore sediments, including
the offshore cap, an interim sediment cleanup action plan for the site was developed by King
County and Ecology in 2007, including dredging to the extent practicable to remove sediments
exceeding the SMS, and backfilling to restore the grade to close to pre-project conditions
(Ecology 2007). The Denny Way CSO interim action remediated contaminated sediment present
in the two nearshore areas in the immediate vicinity of the former Denny Way CSO outfall
(Areas A and B). A combination of dredging, backfilling, and armoring was employed to
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each station. For each of the 16 stations sampled as part of the long-term sediment monitoring
program, sediment chemistry samples were previously collected from the top 2 centimeters (cm)
of sediment. Samples at 10 of these stations will now be comprised of sediments collected from
the top 10 cm. Collection of the top 10 cm will allow an assessment of sediment quality over the
entire biologically active zone and allow King County to meet requirements of the post-
construction sediment monitoring requirement at cleanup Areas A and B, as well as monitored
natural recovery Areas C, D, and E. All samples will continue to be comprised on sediment
collected from three separate grabs.

Samples at the six stations proximal to the Elliott West CSO TF outfall will continue with the 0-
to 2-cm sampling regime to meet NPDES monitoring protocols. One station proximal to the
outfall, DWMP-08, will have two samples collected; one each from the 0- to 2-cm and 0- to 10-
cm depth strata, to meet NPDES protocols and monitoring requirements for monitored natural
recovery Area D. Table 4-1 summarizes the sampling depth strata for the 16 long-term sediment
monitoring stations. Sediment chemistry samples will be collected from the top 2 or 10 cm of
sediment in one of the dual grab samplers during each deployment, while the benthic taxonomy
replicate will be collected from the entire contents of the other tandem grab sampler at the eight
stations from which benthic taxonomy data will be collected.

All field work will be conducted on board the King County research vessel Liberty, staffed by
King County personnel and project consultants.

4.3 Location of Sampling Stations
Figure 2 shows the locations of the 16 stations from which samples will be collected for analysis
of sediment chemistry. Benthic taxonomy samples will be collected from eight of those stations.
The 16 stations are arranged around the new CSO outfalls in a grid pattern consisting of transect
lines running perpendicular to the shoreline. The two outer transect lines consist of four stations
each, with the two inner transect lines consisting of three stations each. The final two stations
are located near the terminus of the new 490-foot outfall for the Elliott West CSO Storage and
Treatment Facility. Fourteen of the 16 sampling locations are positioned at stations from which
previous sediment samples were collected as part of the Denny Way Sediment Characterization
(SEA 1998). Samples were collected from all 16 stations in 2001, 2003, 2006, 2007, and 2008.
Table 4-1 summarizes the stations, their coordinates, depth strata, and the analyses that will be
performed at each station.
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a single van Veen grab sampler. As a test for environmental variability, three separate replicate
grabs will be collected at each station for benthic taxonomy analysis. Two van Veen grab
samplers will be deployed in tandem at each station, which will allow for concurrent collection
of the chemistry and benthic taxonomy samples.

4.5 Data Analysis
Sediment chemistry data will be evaluated by comparison to sediment chemical criteria from the
SMS Tables I and III (Ecology 1995) as well as Table 5-1 in the PSDDA users manual (ACOE
2000). Data from this sampling event will be compared to results from previous studies
including the Denny Way Sediment Characterization (SEA 1998) and the Denny Way Pre- and
Post-Construction Sediment Characterization Studies (King County 2001, 2005), as well as the
2006 through 2008 years one through three, post-operation monitoring events.

Sediment data for some organic compounds are generally normalized to organic carbon content
for comparison to SMS criteria. Normalization to organic carbon can produce biased results,
however, when the organic carbon content of the sample is very low (Ecology 1992). When the
organic carbon content of a sample is near 0.1 or 0.2% (1,000 to 2,000 milligrams/kilogram
(mg/Kg) dry weight), even background concentrations of certain organic compounds can exceed
sediment quality criteria. If the organic carbon content at any particular station is below 0.5%
dry weight, then dry weight-normalized results for non-ionizable organic compounds will be
compared to Lowest Apparent Effects Threshold (LAET) or Second Lowest Apparent Effects
Threshold (2LAET) criteria (EPA 1988), rather than SMS criteria.

Benthic taxonomy results from the eight sampling stations will be compared to Puget Sound
regional benthic data from areas of similar physical characteristics such as depth, grain size
distribution, organic carbon content, and ambient water quality. These data will also be used to
calculate diversity indices, species abundance (total abundance as well as abundance in each
major taxa group), and biomass.











15

6.8 Chain of Custody
Chain of custody (COC) will commence at the time that each sample is collected. While in the
field, all samples will be under direct possession and control of King County field staff or the
benthic taxonomy contractor. For chain of custody purposes, the research vessel will be
considered a “controlled area.”

For the chemistry samples, all sample information will be recorded on a daily COC form. This
form will be completed in the field and will accompany all chemistry samples during transport
and delivery to the laboratory each day. Upon arrival at the King County Environmental
Laboratory, the sample delivery person will relinquish all samples to the sample login person.
The date and time of sample delivery will be recorded and both parties will then sign off in the
appropriate sections on the COC form at this time. Once completed, original COC forms will be
archived in the project file. Samples delivered after regular business hours will be stored in a
secure chain of custody refrigerator until the next day. An example of the King County
Environmental Laboratory’s COC form is included as Figure 3.

If the benthic taxonomy contractor is present during the sampling event, no COC form will be
required for the taxonomy samples since they will be in the contractor’s possession at all times
while onboard and during transport to his laboratory. Should the contractor be absent during a
specific sampling day, the taxonomy samples will follow the same COC protocols those for the
chemistry samples.
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9 SEDIMENT CHEMISTRY ANALYTICAL METHODS

Analytical methods for sediment chemistry samples are presented in the following subsections.
Sediment chemistry analytical parameters were selected based on guidance for conducting
sediment characterizations (ACOE 2000; Ecology 2003) and will allow comparison of analytical
results with published sediment quality guidelines/criteria (ACOE 2000; Ecology 1995). All
analyses will be performed at the King County Environmental Laboratory and will follow
guidelines recommended in the most recent editions of the Puget Sound Protocols (PSEP 1986,
1997b,1997c at this time).

The terms MDL and RDL, used in the following sediment chemistry analysis subsections, refer
to method detection limit and reporting detection limit, respectively. The MDL is defined as the
minimum concentration of a chemical constituent that can be detected, while the RDL is defined
as the minimum concentration of a chemical constituent that can be reliably quantified.

9.1 Conventionals – Analytical Methods and Detection Limits
Conventional sediment parameters will include ammonia, particle size distribution (PSD), total
organic carbon (TOC), total and volatile solids, and total sulfide. The analytical methods and
detection limits for conventional parameters are summarized in Table 9-1.

Table 9-1
Conventional Methods and Detection Limits

Parameter Method MDL RDL Units1

Ammonia SM 4500-NH3-G 0.2 0.4 mg/Kg dry wt.
PSD (gravel and sand) ASTM D422 0.1 1.0 percent dry wt.
PSD (silt and clay) ASTM D422 0.5 1.0 percent dry wt.
Total Organic Carbon EPA 9060, PSEP 1996 1,000 2,000 mg/Kg dry wt.
Total Solids SM 2540-G 0.005 0.01 percent wet wt.
Total Sulfide EPA 9030B/SM 4500-S2-D 1.0 4.0 mg/Kg dry wt.

1Dry-weight MDLs for ammonia, TOC, and sulfide are based on an assumed 50% solids content.

Total solids will be analyzed on all samples to allow normalization of all other sediment
chemistry data except PSD to dry weight. Total solids analysis will be performed according to
the latest edition of Standard Method (SM)2540-G (APHA 1998), which is a gravimetric
determination. Results for solids analyses are presented in units of percent on a wet weight
basis.

TOC analysis will be performed on all samples to allow normalization of some organic
parameters to organic carbon. TOC analysis will be performed according to EPA Method
9060/SW-846 (EPA 1995), high-temperature combustion with infrared spectroscopy. Results for
TOC analysis are presented in units of mg/Kg on a dry weight basis.

PSD analysis will be performed according to ASTM Method D422 (ASTM 2002), which is a
combination of sieve and hydrometer analyses. Results for PSD analysis are presented in units
of percent on a dry weight basis, both for phi sizes and for the four broad classifications of clay,
silt, sand, and gravel. Results for the clay and silt fractions are also summed to provide a result
for “percent fines.”
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Ammonia and total sulfide, which are indicators of potential sediment toxicity, will be analyzed
by SM 4500-NH3-G and SM 4500-S2-D (EPA 9030B), respectively. Ammonia analysis will
involve a potassium chloride extraction followed by spectrometric analysis of the extract. Total
sulfide will be analyzed by distillation following acidification and colorimetric analysis of the
distillate.

9.2 Trace Metals – Analytical Methods and Detection Limits
The analytical methods and detection limits for the target trace metals are summarized in Table
9-2. These MDLs and RDLs are presented on a wet-weight basis and are based on an initial
sample weight of 1+0.05 grams (g) and a final volume of 50 ml for ICP metals and 100 ml for
mercury. Mercury will be analyzed by cold vapor atomic absorption spectroscopy (CVAA) and
other metals will be analyzed by inductively coupled plasma optical emission spectroscopy (ICP-
OES) with a strong acid digestion.

Table 9-2
Trace Metals Target Analytes, Methods,
and Detection Limits (mg/Kg wet weight)

Analyte Method MDL RDL
Arsenic EPA 3050B/6010C 1.25 6.25
Cadmium EPA 3050B/6010C 0.10 0.50
Chromium EPA 3050B/6010C 0.15 .75
Copper EPA 3050B/6010C 0.20 1.0
Lead EPA 3050B/6010C 1.0 5.0
Mercury EPA 7471B 0.005 0.05
Silver EPA 3050B/6010C 0.20 1.0
Zinc EPA 3050B/6010C 0.25 1.25

Trace metal MDLs, normalized to dry weight over a range of percent solids concentrations, are
shown in Appendix A. This information is provided to demonstrate whether dry-weight
normalized trace metal MDLs will meet Ecology’s recommended Practical Quantitation Limits
(PQLs) from the Sampling and Analysis Plan Appendix (SAPA) (Ecology 2008). The
information in Appendix A shows that all dry-weight normalized MDLs for trace metals meet
the SAPA-recommended PQLs at the range of percent solids from 25 to 75%.

9.3 Trace Organics – Analytical Methods and Detection Limits
Trace organic parameters will include base/neutral/acid extractable semivolatile compounds
(BNAs), chlorinated pesticides, and PCBs. The analytical methods and detection limits for the
target trace organic compounds are summarized in Tables 9-3 and 9-4 on a wet-weight basis.

Results for certain non-ionizing organic compounds are generally normalized to organic carbon
for comparison to SMS chemical criteria. The King County Environmental Laboratory has
attempted to optimize its procedures to produce the lowest cost-effective MDLs that are
routinely achievable in a standard sediment sample. These MDLs should meet the required SMS
chemical criteria for each parameter in most cases. The ability of the laboratory to attain
detection limits which meet organic-carbon normalized chemical criteria, however, will depend
upon the TOC content of each sample.

Organic-carbon normalized detection limits are shown in Table 9-5. These values are based on
the wet weight detection limits shown in Tables 9-3 and 9-4 and converted using a
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10 BENTHIC TAXONOMY ANALYTICAL METHODS

Contract laboratory staff will be expected to use standard and accepted techniques to sort all
organisms from sediments (PSEP 1987). Small fractions of sample material will be placed in a
petri dish under a 10X dissecting microscope. The petri dish will be scanned systematically and
all animals and associated fragments will be removed using forceps. This sorting process will be
conducted at least twice to ensure the removal of all animals. These organisms will then be
separated out and placed in 70% ethanol according to one of the following major taxonomic
groups: Annelida, Crustacea, Mollusca, and miscellaneous taxa (Echinodermata, Nemertea,
Sipuncula, etc.).

All organisms will be counted and identified to the lowest practical taxonomic level, which will
usually be species. If animal fragments are present, only anterior portions will be counted.
Identifications will be performed by regional taxonomic experts using stereo dissecting and high-
power compound microscopes. Biomass measurements will also be performed in accordance
with standard PSEP procedures.
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11 LABORATORY QUALITY ASSURANCE/QUALITY CONTROL

This section presents laboratory quality assurance/quality control (QA/QC) measures that will be
employed to ensure data are of sufficient quality to meet the project DQOs.

11.1 Sediment Chemistry QA/QC
The quality control (QC) samples that will be analyzed in association with sediment chemistry
samples are summarized in Table 11-1. The frequency of method blanks, duplicates, triplicates,
and matrix spikes is one per QC batch (20 samples maximum). The frequency of SRM (standard
reference material) or LCS (laboratory control sample) analysis is one per project (40 samples
maximum). LCS analysis is used in lieu of SRM analysis for selected analytes when an SRM
may not be readily available. Surrogates are analyzed with every organic sample.

Table 11-1
Marine Sediment Chemistry Quality Control Samples

Analyte
Method
Blank

Spiked
Blank

Duplicate/
Triplicate

Matrix
Spike (MS)

MS
Duplicate SRM/LCS Surrogates

Ammonia Yes No Triplicate Yes No No No
PSD No No Triplicate No No No No
TOC Yes No Triplicate Yes No Yes No
Total Solids Yes No Triplicate No No No No
Total Sulfide Yes No Triplicate Yes No No No
Mercury Yes Yes Duplicate Yes Yes Yes No
Other Metals Yes Yes Duplicate Yes No Yes No
BNAs Yes No Duplicate Yes Yes Yes Yes
Chl. Pesticides Yes Yes Duplicate Yes Yes Yes Yes
PCBs Yes Yes Duplicate Yes Yes Yes Yes

Quality assurance (QA1) marine sediment chemistry acceptance criteria (Ecology 1989) are
shown in Table 11-2.

Table 11-2
QA1 Acceptance Criteria for Marine Sediment Chemistry Samples

Analyte
Method
Blank

Spiked
Blank

Duplicate/
Triplicate

Matrix
Spike SRM/LCS Surrogates

Ammonia < MDL N/A RSD < 20% 75 - 125% N/A N/A
PSD N/A N/A RSD < 20% N/A N/A N/A
TOC < MDL N/A RSD < 20% 75 - 125% 80 - 120% N/A
Total Solids < MDL N/A RSD < 20% N/A N/A N/A
Total Sulfide < MDL N/A RSD < 20% 65 - 135% N/A N/A
Metals < MDL 85 – 115% RPD < 20% 75 - 125% Appendix B N/A
BNAs < MDL Appendix B RPD < 35% Appendix B Appendix B Appendix B
Chl. Pesticides < MDL Appendix B RPD < 35% Appendix B Appendix B Appendix B
PCBs < MDL Appendix B RPD < 35% Appendix B Appendix B Appendix B
< MDL - Method Blank result should be less than the method detection limit.
RPD – Relative Percent Difference, RSD – Relative Standard Deviation
QC results for matrix spike, SRM/LCS, and surrogates are in percent recovery of analyte.

Some trace metal and organic analyses have empirically-derived laboratory limits for various QC
samples. Specific laboratory-derived acceptance limits for trace metal and organic analyses are
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Recommended additional personal protective equipment will include rain gear and hearing
protection when on board the Liberty.

13.2 Grab Sampling
Sampler deployment and retrieval present physical hazards due in part to the heavy weight of the
grab sampler, its suspension above the vessel deck, and the risk of accidental or premature
closure. Prior to each sampling event, all cabling, shackles, pins, housings, and swivels will be
inspected to ensure the integrity of all points along the sampling assembly.

The sampler will always be set while it is resting on a stable surface. Once set, a safety pin will
be set in place on the triggering mechanism and remain in place until the sampler is swung
outboard of the vessel rail. Special care will be exercised when removing the safety pin to
ensure personal safety in the event of a gear or winch failure. Fingers will not be placed through
the ring of the pin when it is removed and hands will be kept completely clear of the sampler
interior after the pin has been removed. If a sampler is retrieved that has not been tripped, it will
be lowered to a stable surface before any worker contact.

During grab retrieval, one crew member will watch for the appearance of the grab sampler and
alert the winch operator when the sampler is first visible below the water surface. Attempting to
bring a swinging grab sampler on board poses a serious risk of being hit or knocked overboard.
The winch operator will minimize swinging before the grab sampler is brought on board for the
crew to secure. Hard hats and gloves will always be worn when handling the grab sampler.

The winch drum, blocks, capstan, and any area between the grab sampler and railings, the deck,
and heavy equipment all represent significant pinching and crushing hazards. Only experienced
crew members will operate the winch or capstan during a sampling event. Other crew members
will exercise care to avoid these potentially hazardous areas.

13.3 Chemical Hazards
Contact with marine sediment at some sampling stations near the Elliott West CSO Storage and
Treatment Facility and Denny Way CSO outfalls may present a health hazard from chemical
constituents of the sediment, such as PAHs, PCBs, and mercury. Potential routes of exposure to
chemical hazards include inhalation, skin and eye absorption, ingestion, and injection. Crew
members will exercise caution to avoid coming into contact with sediment at all stations during
sampling operations. Protective equipment will include chemical-resistant gloves, safety glasses
or goggles, and protective clothing (i.e. rain gear). Crew members will exercise good personal
hygiene after sampling and prior to eating or drinking.
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