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to the sewer 
nty and the U.S. 

project to test 
clean dredged 

material from the Duwamish Waterway.  A 3-foot layer of clean sand, dredged from the 
upper Duwamish Waterway during routine maintenance, was placed over a 3-acre area in 
water depths ranging from approximately -25 to -60 feet mean lower low water (MLLW). 
 
King County has monitored the effectiveness of the cap at containing contaminated 
sediment for the past 17 years.  Results show that the cap is stable, is not eroding, and has 
successfully isolated the underlying contaminated sediments (King County 2005).  

Proje

1.0 Introduction 
This Closure Report documents the work performed during the Denny Wa
Sewer Overflow (CSO) Nearshore Interim Sediment Cleanup Project in E
Seattle, Washington (Figure 1).  Cleanup requirements at the site were mo
described in the Agreed Order No. DE 5068, dated November 2007, issued
of Washington, Department of Ecology (Ecology) and pursuant to the Mod
Control Act (MTCA).  The remedial activities at the site were performed in com
with the Washington Administrative Code (WAC), Wash
Standards (SMS) (Ecolo
340).  This Closure Rep
activities that occurred between November 2007 and February 2008. 

1.1. BACKGROUND 

At the turn of the century, raw sewage discharge at the Denny Way site 
until the construction of the Denny Way CSO.  The Denny Way CSO was c
the 1960s when the Municipality of Metropolitan Seattle (Metro; now Kin
the present system of interceptors and treatment plants that collect, transport, and tre
wastewater in the greater Seattle area.  The CSO site is located along the no
shoreline of Elliott Bay and is adjacent to Myrtle Edwards Park at the foot o
in Seattle, Washington (Figure 1).  The Denny Way CSO regulator station i
3165 Alaskan Way.  Until 2004
shoreline.  This outfall was previously exposed during normal low tide an
discharged directly across exposed intertidal sediment.  Since 2005, the D
outfall has discharged roughly one untreated discharge annually (approxima
gallons per year) and about 8 to 12 treated discharges (approximately 
per year) from a new offshore outfall. 
 
In 1986, Metro began a trial program to identify and reduce toxicant inputs 
system discharging through the Denny Way CSO.  In 1990, King Cou
Army Corps of Engineers (Corps) sponsored the Denny Way CSO capping 
the feasibility of capping contaminated sediments in Elliott Bay with 
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However, chemical concentrations on the cap surface layer (offshore of
CSO) increased after cap construction, suggesting possible recontamina
continued CSO discharges from Denny Way, or potential redistribu

 the Denny Way 
tion from the 

tion of remaining 
contaminated sediments from the intertidal area and the inshore edge of the cap. 
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In 1997, King County characterized the nature and extent of surface and 
sediment contamination in the outfall area, as well as areas inshore and off
existing sediment cap (SEA 1997).  Follow-up sediment sampling conducte
County in 2005 demonstrated that chemical concentrations in the offsho
over time due to a combination of natural processes, including biodegradat
chemicals, accumulation and mixing of clean sediment, and reduction of co
sources (King County 2005).  Thus, monitored natural reco

subsurface 
shore of the 
d by King 

re areas declined 
ion of 
ntaminant 

very is a prospective cleanup 

ns (PAHs), 
 benzyl phthalate 

inant 
roximately 
al recovery 
wly.  In order 

nd minimize the risk of future recontamination to other 
site areas, including the offshore cap, an interim sediment cleanup action plan for the site 

 to the 
 to restore the 

resent in two 
 outfall (Areas A 
yed to 

 sediments 
feet MLLW to 

 the side slopes 
ange order, 

sociated side 
ically dredged 

 armor and 
ith a barge-mounted excavator and 414 tons 

of recyclable concrete material was recovered from 1,918 tons of mixed concrete, rock, 
and sediment.  The dredged area was backfilled and armored with an average thickness of 
more than 8 feet of material.  Approximately 11,886 cy of well-graded clean sand was 
armored with approximately 4,821 cy of sandy-gravel habitat mix, as well as large 
cobbles and boulders.  An additional 1,540 cy of well-graded clean sand was placed in an 
approximate 6-inch-thick layer around the perimeter of the dredge prism to address any 
residuals that may have resulted from the dredging. 

remedy for the offshore areas.  These areas will continue to be evaluated by Ecology and 
King County to determine if a more active cleanup remedy is required. 
 
In 1997, sediments sampled within inshore areas of the site contained concentrations of 
cadmium, copper, lead, mercury, silver, polycyclic aromatic hydrocarbo
polychlorinated biphenyls (PCBs), bis(2-ethylhexyl)phthalate, and butyl
that exceeded Sediment Quality Standards (SQS) chemical criteria.  Contam
concentrations above SQS chemical criteria were present to a depth of app
10 feet below the existing mudline.  Unlike offshore areas of the site, natur
rates in the inshore sediment areas appeared to be progressing relatively slo
to accelerate cleanup of the site a

was developed by King County and Ecology in 2007, including dredging
maximum extent practicable to remove impacted sediments, and backfilling
grade to close to pre-project conditions. 
 
The Denny Way CSO interim action remediated contaminated sediment p
nearshore areas in the immediate vicinity of the former Denny Way CSO
and B).  A combination of dredging, backfilling, and armoring was emplo
remediate the nearshore areas. 
 
In the initial design, approximately 17,000 cubic yards (cy) of contaminated
and associated side slopes were to be dredged from approximately +10 
approximately -35 feet MLLW within the 1.2-acre interim action area.  A change order 
during dredging decreased the overall dredge footprint by over-steepening
to minimize the disturbance and removal of the riprap seawall.  After the ch
approximately 13,700 cubic yards (cy) of contaminated sediments and as
slopes were dredged.  The material within the dredge footprint was mechan
using a clamshell bucket deployed from a derrick barge.  Removal of rock
concrete from the seawall was performed w
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This Closure Report discusses the construction activities performed to implement the 
cleanup. 

o inshore 
er Denny Way 

MS.  The two 
re located 

2.  Cleanup 
ffshore and 
, and is located 

 cleanup areas 
r, cadmium, 
hthalate.  The 

discussed, the 1997 sediment characterization study identified contaminants at 
h of 8 feet below 

ed that 

al, which 
loping dredge cut on the order of 10 feet deep.  Deeper dredging would have 

required removal of large areas of the existing upland shoreline, which was not 
rk shoreline.  
he existing 

 avoid impacting 

The cleanup action for Areas A and B involved first removing contaminated sediment 
from both cleanup areas to the maximum extent practicable, followed by placing a layer 
of backfill material.  The remaining contaminated sediments within each cleanup area 
were covered with an average of 8 feet of backfill material (maximum of 13 feet) to 
isolate the remaining chemicals from the environment and return the site to 
approximately the bottom elevations that existed prior to dredging. 
 

 

1.2. OBJECTIVES 

The objective of the project was to remediate contaminated sediment in tw
remediation areas (Areas A and B) in the immediate vicinity of the form
CSO outfall that exceeded SQS chemical criteria promulgated under the S
rectangular cleanup areas (Areas A and B) are adjacent to each other and a
immediately offshore of the Denny Way historical CSO as shown in Figure 
Area A is the larger of the two areas at about 0.48 acres, and is located o
adjacent to Area B.  Cleanup Area B is smaller in size at about 0.16 acres
immediately offshore of the Denny Way historical CSO.  Sediments in both
had concentrations that exceeded SQS chemical criteria for mercury, silve
copper, lead, PCBs, PAHs, bis(2-ethylhexyl)phthalate, and butyl benzyl p
extent of contaminated sediment removal for the site is shown in Figure 2.  As previously 

concentrations above SQS chemical criteria in Areas A and B to a dept
mudline (SEA 1999).  More recent characterization (Anchor 2005) indicat
contaminated sediments are present at depths greater than 10 feet. 
 
The vertical limit of the dredge prism was the maximum practicable remov
entailed a s

considered practicable without adverse impact on the Myrtle Edwards Pa
The southern boundary of the project was constrained by the presence of t
outfall structures (and armoring) and the dredge prism here was offset to
these features. 
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2.0 Construction Activities 

ember 29, 2007, and 
s conducted 

ovember 30, 2007, to January 12, 2008.  Backfilling was conducted from 
e contractor demobilized from the site on February 

 Sediment 
pers, and the 
ugust 22, 2007, 

 of the Exchange Building at 821 Second Avenue in 
ird floor 

ptember 25, 

 received and were opened on September 25, 2007.  The lowest responsive 
ican Civil Constructors West Coast, Inc. (ACC), of Seattle, 

oject was $3,250,000.  
s issued on 

nts 
tion during the bidding process to 

contractors with substantial experience dredging contaminated sediments.  Bids were also 
ty.  Comments received during the 

indicated that the 
ere too many 
 the time of 

The contractor was required to dredge using a clamshell bucket and dredge beginning 
with the inshore, higher elevation material, and then move offshore.  Sloughing of slope 
material and the spread of contaminated sediment was minimized by dredging generally 
from upslope to downslope.  As designed, the dredge prism included a substantial amount 
of shoreline armor material overlying potentially clean sediment upslope of the Area A 
and B boundaries to accommodate stable dredge cut side slopes.  During construction, the 

2.1. TIMELINE 

The contractor began mobilizing their equipment to the site on Nov
started dredging on November 30, 2007, at about 12:30 p.m.  Dredging wa
from N
January 17 to February 25, 2008.  Th
26, 2008. 

2.2. CONTRACTOR SELECTION 

The Request for Bids to construct the Denny Way CSO Nearshore Interim
Cleanup Project was advertised in the Seattle Times, other local newspa
King County Procurement website. A pre-bid conference was held on A
in the eighth floor conference room
Seattle.  Sealed bids were required to be submitted to King County at the th
Contracts Counter at the New County Office Building by 1:30 p.m. on Se
2007. 
 
Two bids were
bid was submitted by Amer
Washington, for $3,276,234.  The engineer’s estimate for this pr
ACC was selected as the prime contractor and Notice to Proceed wa
November 9, 2007. 

2.2.1 Lessons Learned 
Contractor selection was largely influenced by prequalification requireme
implemented by King County to limit participa

limited by insurance requirements set by King Coun
pre-bid period expressed concern regarding the specifications, and, also 
construction window was too short to complete the work, and that there w
amendments during the bid process.  Other active construction contracts at
bidding may also have impacted contractor participation. 

2.3. GENERAL CONSTRUCTION PROCEDURES 
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contractor indicated that steeper stable side slopes could be achieved, whic
reduced the volume of clean side slope armor and additional side slope m
to accommodate the remedy.  In consideration of this factor, a change order
001) was issued by King County featuring a revised dredge prism footprint
removal and disposal of concrete debris, and replacement of armor rock on the upslop
portion of the dredge p

h would have 
aterial dredged 

 (RCO No. 
 and including 

e 
rism.  The change order was accepted by Ecology to be consistent 

o begin 
 base backfill 

diment 
r of larger 

sized habitat mix.  Finally, armor rock was placed in areas where it had been removed 
edge residuals 

ary. 

n management, inspection of all construction activities, 
itoring services throughout the project. 

eck barges (KP-1, 
he Pam Tay is 

n American 9310 
 differential 

 over the 
re the 

ven time.  The 

and an electronic tide gauge that displayed real-time tide information.  The Pam Tay was 
 spuds were 

e Pam Tay.  The 
aced inside 
ay so the 

. 

rought onto the 
site at different times (KP-1, KP-2, and H-9, with 2,000-cy capacity each) and taken to 
the offloading facility for offloading, transport, and disposal.  Scuppers on the flat-deck 
barges were covered with filter fabric and hay bales, which filtered suspended solids from 
dewatering effluent before re-entering Elliott Bay. 
 
From the start of dredging activities, the contractor encountered difficulty using the 3-cy 
dredge bucket to remove armor rock and concrete on the upslope portion of the dredge 

with the cleanup action. 
 
When dredging operations were complete, the contractor was allowed t
backfilling operations.  The backfill consisted of two different layers.  A
layer primarily composed of sand was placed first to cover all remaining se
contamination.  This was followed by a more erosion-resistant surface laye

along the seawall and contingency cover sand was placed in areas where dr
may have migrated outside the dredge prism bound
 
King County provided constructio
and water quality mon

2.4. DREDGING OPERATIONS 

2.4.1 Equipment 
The contractor mobilized a derrick (Pam Tay), tug (Jennifer H), flat-d
KP-2, and H-9), work skiff, and hydrographic survey vessel to the site.  T
200 feet long by 50 feet wide, with a 12-foot draft.  It is equipped with a
crawler crane with a 3-cy clamshell bucket.  The derrick is equipped with a
global positioning system (DGPS) with an antenna on the tip of the boom
bucket.  Dredgepack® software was used to allow the operator to know whe
horizontal position of the bucket was relative to the dredge plan at any gi
vertical position of the dredge bucket was determined by 1-foot markings on the cable 

typically positioned using two spuds measuring 90 feet in length, and when
not used, a mooring winch and anchor system was used off the stern of th
spuds were positioned outside of the dredge boundary and no spuds were pl
the dredge prism.  The small tug (Jennifer H) periodically moved the Pam T
derrick could be repositioned within the dredge prism
 
Dredged sediment was placed in one of three flat-deck barges that were b
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prism along the seawall.  Change order RCO No. 001 instructed the con
armor rock and concrete on the upslope portion of the dredge prism.
change order work, the contractor mobilized a barge-mounted excavator (Hitachi 
EX800H and 34 Spud Barge) with the tug Diane H, and a material barge (IT
the removal and stockpiling of armor rock and concrete debris.  The additio
was on site for 13 days until the concrete debris had been sufficiently removed f

tractor to remove 
  To complete the 

B-166) for 
nal equipment 

rom the 
dredge prism.  Concrete armor material that was removed was stockpiled on the barge for 

redge site.  The 
 location in the 

 derrick and 
barges by boarding from the shore using a work skiff.  The King County inspector was 

y CSO regulator 
 on shore. 

and is 
edance 

ing, actions were taken as necessary in an attempt to reduce 
whenever the monitoring equipment noted a rise in 

 included slowing the rate of dredging, slowing the rate of bucket 
using and 

redging work had 
at there was a 

s present on 
er 30, 2007, the 

ween stations 
 the 

ion -5 feet 
ssed slowly with 

aterial.  The 
ontractor 

oncrete armor 
and -35 feet MLLW.  Dredging generally occurred in the 

upslope to downslope direction to maintain slope stability and moved from north to south 
within the dredge prism (from stations 0+00 to 4+50).  The width of each dredge pass 
was approximately 50 feet wide and the dredge cut was typically between 2 to 4 feet 
deep.  The time to complete a dredge cycle was, on average, 1 minute 30 seconds for the 
dredge operator to position the clamshell bucket, lower the bucket to the sediment surface 
and take a bite of sediment, raise the bucket above the water surface, and release the 
material onto the flat-deck barge. 
 

transfer to a concrete recycling facility. 
 
There were no upland contractor support equipment and facilities at the d
contractor stored the derrick, barges, and equipment on site at an offshore
vicinity of the dredge prism.  Personnel were transferred on and off the

set up in the construction trailer located shoreward of the Denny Wa
station and continuously monitored dredging from the trailer located
 
A turbidity exceedance was observed once during the dredging operations 
discussed further in Section 3.1.1.1.  Although only one water quality exce
occurred during dredg
turbidity throughout dredging 
turbidity.  Such actions
movement through the water, not overfilling the bucket, and periodically pa
resuming work operations. 

2.4.2 Sequencing 
The dredge plan is shown in Figure 3.  On November 24, 2007, before d
been initiated, the contractor submitted a letter to King County stating th
change of conditions at the site due to a large volume of concrete and debri
the upslope portion of the dredge prism.  At about 12:30 p.m. on Novemb
contractor began dredging the northern inshore area of the dredge prism bet
1+00 and 1+75.  The contractor identified rock and concrete armor material from
inshore dredge prism boundary at elevation +10 feet MLLW down to elevat
MLLW.  The contractor attempted to remove armor material, but progre
the 3-cy bucket because the bucket had difficulty picking up the concrete m
approximate area of rock and concrete armor was previously delineated by c
surveys and the contractor continued to dredge downslope of the rock and c
area between elevations -5 
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On December 18, 2008, King County issued a change order (RCO No
the dredge prism side slope footprint and minimized the removal of armor r
concrete on the upslope area by changing the dredge cut from the design 2 
vertical (2H:1V) slope to a 1H:1V slope cut, which was demonstrated to be
contractor.  The change order scope of work also included the replacement of the seawall 
armoring.  On December 28, 2008, the barge-mounted crane was mobilize
to remove armor rock and concrete material within the modified dredge
anticipated that the excavator would pick up pieces of armor rock and conc
and stockpile them in a separate barge.  The excavator bucket frequently pic
mixture of sediment and some small debris, and there was noticeable sedim
the excavator bucket.  The material barge ITB-166 used to stockpile the ar
concrete material had a high perimeter fence, which contributed to sediment loss from
excavator bucket because clearing the high fence increased winnowi
the excavator bucket.  During the use of the excavator, turbidity was visibl
the one turbidity exceedance during dredging activities occurred during its
Section 3.1).  The excavator was operated from January 3 to January 8, 20
removed approximately 1,636 tons of mixed concrete, rock, and sediment.
material barge left the site on January 8, 2008, and was loaded with 1,087
material.  Armor rock and concrete removal activities continued until Jan
with the clamshell, and a

. 001) that reduced 
ock and 
horizontal to 1 
 stable by the 

d onto the site 
 prism.  It was 

rete material 
ked up a 

ent loss from 
mor rock and 

 the 
ng of material from 

y higher and 
 operation (see 
08, and 
  The ITB-166 
 tons of mixed 
uary 10, 2008, 

n additional 282 tons of mixed concrete, rock, and sediment 

ncrete were 
aterial was 

et resumed between 
e dredge prism.  
redge 

tory survey (see Section 4.1) conducted on January 13, 2008, showed relatively 
inor low spots 

e by the 
, contractor 

endices A, B, and C, 

rked 10- to 12-hour days including Saturdays during the 
dredging phase of the project.  Dredging typically occurred from 7:00 a.m. to 4:00 p.m.  
Weather days and equipment maintenance days accounted for approximately 3 days of 
lost time during dredging activities.  The rate of dredging was limited by the rate 
containers could be loaded onto trains by Rabanco.  Therefore, the offloading 
subcontractor, could not unload the material barges and transfer material to containers at 
a rate higher than approximately 800 cy per day.  There were 5 holiday days when no 
work occurred during dredging.   
 

were removed.  The excavator remained on site until January 15, 2008.  A total of 1,918 
tons of mixed concrete, rock, and sediment was removed and 414 tons of co
recovered and transferred to a concrete recycling facility.  The remaining m
transferred to the disposal site. 
 
On January 9, 2008, dredging activities with the 3-cy clamshell buck
station 2+50 and 4+25 and proceeded to dredge remaining high spots in th
The contractor performed a cleanup pass on January 12, 2008.  The post-d
confirma
minor high spots above the required dredge line along with relatively m
below the non-paid allowable overdepth line and was accepted as complet
engineer and Ecology.  Photos of the dredging and construction activities
daily reports, and King County Inspector reports are located in App
respectively. 
 
The contractor typically wo
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Dredging occurred over 32 days and removed approximately 14,376 
(including debris and overdredge).  The contractor spent approximately 
dredging the 14,376 cy of material.  This time only includes actual dredgin
equates to a gross production rate of 80 cy per hour.  The total production
the 14,376 cy was 348 hours.  This time includes dredging, equipment m
maintenance, downtim

cy of material 
179 hours 

g time and 
 time to dredge 

ovement, 
e, and other non-productive time.  Therefore, the net production 

e order RCO 
f the design plans 
ated with the 

ing armor 

n in the 
 the contractor 

the plans, it may 
al of the armor 
retation of the 

ted by King 
 better known. 
val of armoring 

r was able to 
r fail at the proposed 1H:1V slope.  

only 
 using side 

 design, and 
der-predicting dredge volumes.  This would potentially 

lead to negative impacts on permitting and project cost. 
e change order 

ll to continue 
at based payment 
haring between 

 
In addition, contractor daily progress surveys were not performed and, consequently, the 
progress surveys were performed generally at the contractor’s discretion unless 
specifically requested by King County.  The contractor requested reduction in survey 
frequency because of safety concerns with the small surveying boat.  The contractor’s 
progress surveys should be strictly enforced to adequately monitor dredging progress, 
slope stability, and overdredging below the allowable overdepth line established in the 

rate was 41 cy per hour. 

2.4.3 Lessons Learned 
From a design standpoint, the lessons learned are associated with chang

.No  001, which was required in part due to potential misinterpretation o
by the contractor.  The following are some of the lessons learned associ
change order: 

• The design plans did not demarcate an approximate area of the exist
rock and concrete on the upslope portion of the dredge prism, leaving the 
contractor to determine the extent of the armor based on a descriptio
Technical Specifications and a pre-bid site investigation required of
by the Contract Documents. 

• In addition to delineating the area of armor rock and concrete on 
have been beneficial to make the removal, stockpile, and/or dispos
rock and concrete a separate bid item so that the contractor’s interp
scope for that portion of the work could be evaluated. 

• Additional site characterization information could have been collec
County so that the delineation of the armor rock and concrete was

• The change order reduced the dredge prism to minimize the remo
material, which worked well in this situation because the contracto
demonstrate that material would not slough o
However, because a temporary slope as steep as 1H:1V is typically 
marginally stable in a marine environment, designing a dredge prism
slopes as steep as 1H:1V would have been non-conservative during
could have resulted in un

• The contractor used an excavator with limited success to execute th
and presented no alternate solution other than using the clamshe
dredge work.  The change order could have included language th
on a specified level of performance, such that there is more risk s
the contractor and King County. 
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Technical Specifications.  Low spots in the dredge prism may have been generated by the 
removal of large debris pieces to meet the minimum elevation. 

s containing 
ctor’s methods, water 

mance without hindering project progress. 

er a 
floading 

Washington.  The Duwamish Marine Center property is permitted to handle bulk material 
ged material from 

 which 
ping container.  

l barge in a small 
e center of the 

 was secured to 
top, each 
ds full) to 
 the flat-deck 

barge by a land-based crawler crane.  The crane was positioned over the container and 
the container off the 

nsloading dock 
 the container 

 at an approximate rate of 5 containers per hour. 

ry 
luded the need for a 

ossibility of any material being spilled during the offload 

nd Suppliers 
 Recycling and 

gton, where the 
containers were loaded onto railcars. 
 
Burlington Northern Santa Fe Railway Company (BNSF) then transported the loaded 
containers to Roosevelt, Washington, in Klickitat County, for disposal at Roosevelt Regional 
Landfill, a Resource Conversation and Recovery Act (RCRA) Subtitle D landfill.  A total of 
21,238 tons of sediment and debris were disposed of at Roosevelt Regional Landfill.  The 
resulting weight to volume conversion factor was approximately 1.5 tons per cy. 

 
In general, the Technical Specifications were viewed by project personnel a
adequate language that strengthened the ability to control the contra
quality, and achieve good perfor

2.5. DISPOSAL ACTIVITIES 

The offloading and disposal operation was performed by the contractor und
subcontractor agreement with Rabanco.  Figure 4 shows the layout of the of
facility, located at the Duwamish Marine Center located at 16 S. Michigan in Seattle, 

and contaminated waste and had been used previously to unload dred
barges to containers. 
 
Dredged sediments were removed from each barge with a front-end loader,
transferred sediment directly into a lined, 20-foot open-top intermodal ship
The front-end loader and container were placed onto the dredge materia
cleared area left open by the dredge operator, and typically positioned in th
barge.  The liner used to line the shipping container was a 6-mil liner and
the top of each container to prevent leakage.  To prevent spillage out of the 
container was limited to about 30 tons of sediment (approximately two-thir
allow for adequate free board.  Once filled, the container was removed from

four cables were secured to the corners of the container before lifting 
barge and placing it either directly onto a truck or on the ground in the tra
area.  The process of transferring sediment into a container and offloading
onto a truck was
 
A spill plate between the material barge and the offloading dock was not necessa
because the system of loading containers on the material barge prec
spill plate and eliminated the p
and transfer process. 
 
Pacific Freight Express, Inc., a King County-approved Small Contractors a
Firm, hauled the containers loaded with sediment to the Rabanco-operated
Transfer station located at 2733 Third Avenue S. Seattle, Washin

Denny Way CSO Nearshore Interim Sediment Cleanup Project 13 
Closure Report  10/29/08 



Figure 4
Offloading Facility

 Denny Way CSO Nearshore
Interim Sediment Cleanup Project
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 of a front-end 
 deck and place it 

 or sprayed 
se material.  Filter fabric and hay bales 

rs around the perimeter of the deck line were also 
pland disposal.   

 by the post-
fied backfill plan 
 contingency 
arry located in 
 The armor 

olumbia. 

ish turning 
aintenance dredging, which was concurrently in construction.  The maintenance 

 10 percent) in 
t could have 

 at the Denny 

 with 
deliver the 
 once.  The 
tely 1,000 cy 

ding facility.  

y with an ACC-built 
th a 6-cy capacity measuring 12 

ly opened for a 
ass through.  

 material directly 
ate rate of 

6 cy in 30 seconds.  King County performed water quality monitoring throughout 
backfilling operations and the results are located in Section 3.1.1.2. 
 
Backfill material was generally released at mid-water column depth and placed in 2-foot 
lifts working from downslope to upslope.  The contractor ordered material continually as 
it was needed based on the contractor’s progress surveys.  The procedure of placing 
backfill materials, surveying, and reviewing continued until the entire site was backfilled.  

2.6. DECONTAMINATION 

The haul barges were decontaminated at the offloading facility with the use
loader and manual labor to scrape and remove all sediment on the barge
into a lined container for upland disposal.  The barge deck was not washed
down.  The deck was swept to remove any loo
used to line the sideboards and scuppe
disposed of into a lined container for u

2.7. BACKFILLING OPERATIONS 

After all of the dredging was complete and the elevations were confirmed
dredge survey, backfilling operations were allowed to begin.  The modi
per RCO No. 001 is shown on Figure 5.  Base backfill, habitat mix, and
cover sand and armor were obtained from the Glacier Northwest, Inc. qu
Dupont, Washington, and transported to the site by flat-deck haul barges. 
rock was obtained by Glacier Northwest, Inc. from Texada Island, British C
 
The contractor attempted to use beneficial reuse material from the Duwam
basin m
dredging material that met the percent fines content requirement (less than
the Technical Specifications had already been dredged a few days before i
been transferred to the Contractor to be used in the backfilling operations
Way site.   
 
On January 16, 2008, the contractor attempted to load the “pocket barge” S. Helens
base backfill sand.  The pocket barge had multiple controllable hoppers to 
backfill material capable of delivering a large volume of backfill material at
pocket barge was not able to contain the sand in the hoppers and approxima
of sand was lost through the hoppers into the surrounding waters at the loa
The pocket barge S. Helens was unloaded and was not used for the remainder of the 
project.  All backfill materials were placed using the derrick Pam Ta
“skip box.”  The skip box was a rectangular structure wi
feet by 6 feet by 2 feet with controllable bottom doors that could be partial
controlled release of material, or fully opened to allow larger aggregate to p
A front-end loader operated on each backfill material barge and loaded
into the skip box.  A front-end loader could load the skip box at an approxim
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The post-backfill confirmatory survey (see Section 4.0) showed mino
low spots were corrected by placing additional backfill to grade, and an a
contractor survey was performed and accepted.  The contractor placed hab
the base backfill layer, which was confirmed by a post-backfill survey (se
that was also reviewed and accepted.  Rock armor was placed on the upslope area to 

r low spots.  These 
dditional 
itat mix over 

e Section 4.0) 

as complete.   

008) and the 
 layer in areas 
e was dredge 

toring station and showed the 
need for the placement of contingency cover material.  A 6-inch contingency cover layer 
of sand was placed outside the dredge boundary as shown in Figure 6. 
 

approximate pre-project armoring conditions after the habitat mix layer w
 
All dredging results in the resuspension of particulate material (USACE 2
backfill design required the evaluation for the need of a contingency cover
adjacent to and outside the dredge.  Post-dredge sampling showed that ther
residual outside of the dredge boundary at the closest moni
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Backfill material placement occurred over 26 days with approximately 19
material placed.  The average production rate of all material placed was a
748 cy per day.  The contractor encountered some equipment and mechanic
during backfilling that slowed the production rate.  The DGPS system for determ
horizontal positioning of the clamshell bucket relative to the dredge plan 
correctly at various times during backfilling.  The front-end loader used to
box needed maintenance on land, halting the backfilling.  The skip box 
damaged during the placement of the armor rock and had to be fixed befor
with armor rock placement.  Foul weather days also contributed to slowed production 
rates during backfill activities.  Operational controls (cycle time) to limit th
resuspension and pausing work to allow turbidity to decrease also limited t
rate.  Several turbidity exceedances occurred during backfilling, and the co
stopped backfilling work for short periods of time to re-position work barg
turbidity readings to decrease (see Section 3.0).  During backfilling, u
backfill material accounted for 3.5 da

,460 cy of 
pproximately 

al problems 
ining 

did not function 
 load the skip 

doors were 
e proceeding 

e effects of 
he production 
ntractor 
es to allow the 

navailability of 
ys of lost time; however, at most stages of backfill 

production rate was not 
ys, which 

 
hours placing 

se backfill material.  This time only includes actual backfilling time, 
duction time to 

ment movement, 
 net production 

821 cy of habitat 
s to a gross 

ce the 4,821 cy was 
ce, downtime, 
y per hour. 

758 tons 
ons of armor rock 
 to a gross 

production rate of 108 tons per hour.  The total production time to place the 758 tons was 
30 hours.  This time includes backfilling, equipment movement, maintenance, downtime, 
and other non-productive time.  Therefore, the net production rate was 25 tons per hour. 
 
Contingency cover material placement occurred over 2 12-hour days and 1 10-hour day, 
with approximately 1,540 cy placed.  The contractor spent approximately 19 hours 
placing the 1,540 cy of contingency cover material.  This time only includes actual 

activities materials were readily available from the quarry.  The 
restrained by the time required to review and approve confirmatory surve
typically took less than 24 hours to complete. 
 
Base backfill material placement occurred over 12 10- to 15-hour days, with
approximately 11,886 cy placed.  The contractor spent approximately 63 
the 11,886 cy of ba
and equates to a gross production rate of 189 cy per hour.  The total pro
place the 11,886 cy was 138 hours.  This time includes backfilling, equip
maintenance, downtime, and other non-productive time.  Therefore, the
rate was 86 cy per hour. 
 
Habitat mix placement occurred over 8.5 10-hour days, with approximately 4,821 cy 
placed.  The contractor spent approximately 30.5 hours placing the 4,
mix material.  This time only includes actual backfilling time, and equate
production rate of 158 cy per hour.  The total production time to pla
85 hours.  This time includes backfilling, equipment movement, maintenan
and other non-productive time.  Therefore, the net production rate was 56 c
 
Armor rock placement occurred over 3 10-hour days, with approximately 
placed.  The contractor spent approximately 7 hours placing the 758 t
material.  This time only includes actual backfilling time, and equates
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backfilling time, and equates to a gross production rate of 81 cy per ho
production time to place the 1,540 cy was 34 hours.  This time incl
equipment movement, maintenance, downtim

ur.  The total 
udes backfilling, 

e, and other non-productive time.  

rmit extension 
d the beginning of the fish window closure from February 16 to 

 work days after February 15 to complete 
ties. 

ed 
with closer coordination of the projects.  Such coordination will likely require project 

ctors are too busy 

zed by further 
aterial near the mudline, which 

n past project 
vironment, 

in a timely 
oundary. 

dredge sampling 

s decision was contrary to 
the Technical Specifications, which stated that the contingency cover material would be 
based on post-backfill confirmatory sampling that included a 7-day standby time as a bid 
item, during which time the confirmatory samples would be analyzed and reviewed.  It 
may benefit future projects to base decisions to place contingency cover material on post-
dredge sampling, or build in such flexibility in the Technical Specifications. 
 

Therefore, the net production rate was 45 cy per hour. 
 
Backfilling activities occurred from January 17 to February 25, 2008.  A pe
was issued to work beyon
March 1.  The contractor used only 5 in-water
remaining backfilling activi

2.7.1 Lessons Learned 
The opportunity to beneficially reuse acceptable dredge material may have been achiev

management coordination during the construction phase as the contra
with their individual projects. 
 
Water quality exceedances during backfilling may have been minimi
increasing the cycle time, or releasing the backfill m
would have likely impacted the contractor’s schedule.  However, based o
experience with placing sand from an upland source into the aquatic en
turbidity is a frequent occurrence during this type of operation. 
 
Similar to during dredging, contractor progress surveys were not submitted 
manner and may have contributed to high spots near the toe of the dredge b
 
Project personnel decided to place contingency cover material after post-
at perimeter stations had occurred but before post-backfill confirmatory sampling had 
taken place due to timing constraints with the fish window.  Thi
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ed in order to 
 include 

oring.  The 
e Interim 

epartment of 
nalysis plans in 

 the sediment 
s plan was 

ced in March 2008.  These three plans (KCDNRP 2007a, 2007b, and 2008) are 
included in Appendices F, G, and H, respectively, and should be consulted for the details 

 used to collect the compliance monitoring 

Protection monitoring is performed to confirm that human health and the environment are 
d in the 

deviations from 

s required in 
idity and dissolved 

y standards listed in 
 the location of dredging or backfill material 

s Construction 
ality 
a). 

ed Dredging and 
NRP 2007a).  

 down-current 
ed to MLLW).  

Previous studies have shown that the net current flow in the vicinity of the site is in a 
northwesterly direction, following the Seattle waterfront shoreline (Ebbesmeyer et al. 
1998).  Surface water in this part of Elliott Bay is influenced by discharges from the 
Duwamish River, which follow the net prevailing currents along the waterfront shoreline. 
 
The instrument used for water quality monitoring on this project was the YSI 6600EDS 
multi-parameter sonde.  A YSI 6600EDS sonde consists of a cylindrical pressure-

3.0 Compliance Monitoring 
The MTCA requires three types of compliance monitoring to be perform
confirm the adequacy of a remedial action (WAC 173-340-410).  These
protection monitoring, performance monitoring, and confirmational monit
compliance monitoring performed during the Denny Way CSO Nearshor
Sediment Cleanup Project is discussed in this section.  The King County D
Natural Resources and Parks (KCDNRP) produced two sampling and a
September 2007, which describe the water quality monitoring activities and
monitoring activities, and a third long-term sediment sampling and analysi
produ

of the sampling design and procedures
samples. 

3.1. PROTECTION MONITORING 

adequately protected during construction of the cleanup action as describe
contractor’s specific safety and health plan (WAC 173-340-410(a)).  No 
the contractor’s health and safety plan were reported or observed. 
 
Water quality monitoring of Elliott Bay in the vicinity of the project site wa
the Ecology Agreed Order DE No. 5068.  During construction, turb
oxygen (DO) had to be maintained within applicable water qualit
WAC 173-201A at a point 300 feet from
rel  into Elliott Bay.  Detailease s of the water quality monitoring were included in the 
Agreed Order DE No. 5068 and in the Dredging and Backfilling Operation
Water Quality Monitoring Plan (KCDNRP 2007a).  Additionally, water qu
monitoring was required as part of the Biological Evaluation (Anchor 2007

3.1.1 Water Quality Monitoring 
Water quality monitoring was performed in accordance with the approv
Backfilling Operations Construction Water Quality Monitoring Plan (KCD
King County monitored water quality proximal to the construction site through the use of 
a monitoring buoy deployed approximately 300 feet northwest of the site,
of construction activities, in approximately 35 feet of water (referenc
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resistant body with a cable connection on one end and temperature, con
(depth), dissolved oxygen, and turbidity probes on the opposite end.  The so
deployed at a depth of 1 meter below the surface, and the depth remained
tidal fluctuations.  Figure 7 shows the location of the water quality mon
relation to the site and construction area.  Background water quality inform
Elliott Bay was collected by a second water quality monitoring system loca
Seattle Aquarium, which allowed King County staff to com

ductivity, pressure 
nde was 

 constant during 
itoring buoy in 

ation for 
ted at the 

pare real-time water quality 
data between the site and background Elliott Bay conditions.  Figure 7 shows the relative 

ion system 
at allowed for 
ed every 15 

ransferral via the DAS to a YSI Econet web interface.  The 

r customizable 

s of construction, 
ty collected 

 from a 
 samples were 
 quality 

t 14 days of construction because the water quality 
nical difficulties.  

eck for the in situ 
n the in situ systems 

ing to the 
amples were 

on, as a calibration check, following the first 14 days of 
construction for the remainder of the monitoring period. 

y.  The weekly 
long with 
ow the QC 

 
As discussed in the Dredging and Backfilling Operations Construction Water Quality 
Monitoring Plan (KCDNRP 2007a), a turbidity exceedance was recorded if the average 
turbidity at the site buoy measured over a 1-hour time period was more than 5 
Nephelometric Turbidity Units (NTU) higher than the average turbidity measured over 
the same 1-hour period at the background (Seattle Aquarium) monitoring station when 
the background turbidity was 50 NTU or less, or if the average turbidity at the site buoy 

location of the Denny Way and Seattle Aquarium monitoring stations. 
 
Both water quality monitoring systems included a real-time data acquisit
(DAS) consisting of a multi-parameter data sonde and telemetry system th
data collection, storage, and review via the internet.  Data collection occurr
minutes with hourly data t
data were transmitted to a secure server and posted directly to a customizable web site.  
The data could be downloaded in a number of ways, including automatic o
graphs, HTML, or CSV formats. 
 
One week prior to the start of construction, throughout the first 14 day
and when the in situ monitoring system was not operational, King Coun
manual daily water samples for laboratory analysis of both turbidity and DO
location in the proximity of the water quality monitoring systems.  Manual
collected and submitted to Ecology instead of data collected from the water
monitoring systems during the firs
monitoring systems needed continuing calibration and encountered tech
Manual water sample collection and analysis served as a calibration ch
monitoring systems and as an alternative data-collection method whe
were not functioning correctly. 
 
It was anticipated that the in situ monitoring sensors would perform accord
manufacturer’s specifications.  As such, the field quality control (QC) s
reduced to weekly collecti

 
Weekly water quality data reports were prepared and submitted to Ecolog
water quality reports included a summary of the continuous in situ data, a
results of QC sample analysis for turbidity and DO, and a description of h
results impacted the in situ data. 
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measured over a 1-hour time period increased more than 10 percent when
turbidity was greater than 50 NTU.  Similarly, D

 background 
O was averaged hourly at the site buoy 

and compared to applicable DO standards for Elliott Bay. 
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3.1.1.1 Results of Water Quality Monitoring During Dredging 
Appendix D of this report contains the 1-hour average water quality mon
data collected by the site water quality monitoring buoy, and Appendix E c
complete water quality monitoring dataset generated from the on-site buoy
activities were conducted between November 30, 2007, and January
water quality exceedance was recorded during the dredging activities, wh
January 8, 2008.  The d

itoring turbidity 
ontains the 
.  Dredging 

 12, 2008.  Only one 
ich occurred on 

ate, time, tidal condition associated with the water quality 
exceedance, and turbidity value abov d (site buoy value minus background 
value) are sho
 

Table 1 
Water Quality Monitoring Exceedance During Dredging 

 

e backgroun
wn in Table 1. 

Date Time Tide 

Site Turbidity 
Measurement Referenced 

to Background (NTU) 

Tuesday, January 8, 2008 4:00pm ebb 5.7 

 
The turbidity exceedance occurred during the 1-hour average for 4:00 p.m
contractor had already voluntarily stopped dredging at approximately 3:45 
elevated turbidity readings before the exceedance occurred.  From Jan
2008, increases in turbidity were observed that were directly related to th
barge-mounted excavator (deployed under change order to remove armor 
typically lost up to half of the mixed armor and sediment material from
water column or near the water surface.  The excavator bucket was ineffe
selecting concrete debris and resulted in a mix of water and sediment an
amounts of concrete with each bucket brought to the surface.  Heavy losse
from the excavator bucket occurred during the handling period as it was rai
fence on the material barge to reach the flat deck area of the hull.  Whe
measurement increases were observed, the contractor was notified immedia
contractor responded with a change in best management practices (BMPs
possible.  In most cases, the operational response was to stop the operation

., but the 
p.m. due to 

uary 3 to January 8, 
e use of the 
rock), which 

 each bite into the 
ctive at 

d minimal 
s of material 
sed over the 

n turbidity 
tely and the 

) whenever 
 for a short 

Typically, increases 
tide, and the contractor attempted to 

he dredge 
t were relatively 

low, and no exceedances were recorded during its use.  There were no impacts to DO 
observed such that there were no noticeable decreases in DO during dredging activities. 
 

3.1.1.2 Results of Water Quality Monitoring During Backfilling 
Appendix D of this report contains the 1-hour average water quality monitoring turbidity 
data collected by the site water quality monitoring buoy, and Appendix E contains the 

period of time (e.g., 15 to 30 minutes) or stop working for the day.  
in turbidity measurements were correlated to the ebb 
use the excavator during the flood tide to contain the turbidity plume near t
platform.  Turbidity measurements during the use of the clamshell bucke
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complete water quality monitoring dataset generated from the on-site buoy
activities were conducted between January 17 and February 23, 2008.  T
water quality exceedances were recorded during the backfilling activities.
times, tidal condition associated with the water quality exceedances, an
exceedance values abov

.  Backfilling 
wenty turbidity 
  The dates, 

d turbidity 
e background (site buoy value minus background value) are 

shown in Table 2. 
 

Table 2 
Water Quality Monitoring Exceedan ackfilling 

 
ces During B

Date

Site Turbidity 
Measurement Referenced 

 Time Tide to Background (NTU) 

January 17, 200 12:00p ebb 7.15 8 m 

January 17, 200 1:00p ebb 5.27 8 m 

January 17, 2008 3:00pm ebb 5.78 

January 22, 2008 8:00am ebb 8.18 

January 22, 200 9:00a ebb 9.68 8 m 

January 24, 200 11:00a flood 6.95 8 m 

January 24, 200 12:00p flood 14.28 8 m 

January 24, 200 3:00p flood 5.05 8 m 

January 28, 2008 10:00am ebb 7.85 

January 28, 2008 1:00pm ebb 5.08 

January 28, 200 2:00p ebb 9.22 8 m 

January 29, 200 10:00a ebb 12.45 8 m 

January 29, 200 11:00 ebb 6.01 8 am 

January 29, 200 1:00p ebb 6.75 8 m 

January 29, 2008 2:00pm ebb 16.82 

January 29, 2008 7:00pm ebb 5.32 

February 5, 2008 11:00am flood 5.67 

February 7, 2008 6:00am ebb 11.78 

February 7, 2008 7:00am ebb 10.63 

February 13, 2008 7:00am ebb 6.4 
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Water quality exceedances during backfilling activities were associated
of clean backfill material beyond the dredge boundary.  Fine-grained pa
backfill materials contributed to the increased turbidity measurements
material placement and continued to impact water quality throughout plac
backfill until habitat mix material placement had been completed.  Water quality 
exceedances during backfilling typically occurred during the ebb tide as s
2.  It was observed in the field that turbidity generated during backfill p
appeared to be contained near the dredge equipment platform during t
that turbidity plumes moved toward the site buoy during the ebb tide.  T
typically tried to place backfill material during the flood tide to minimize t
exceedances during the work shift.  When turbidity increases were noted a
exceedances occurred, the contractor would stop the placement of backfil
period of time (e.g., 15 to 30 minutes) to allow the turbidity to decrease.  
water quality exceedances occurred during placement of base backfill ma
exceedances occurred during placement of habitat mix. The turbidity excee
7:00pm on January 29, 2008 occurred approximately 3 hours after backfilli
had stopped for the day a

 with the spread 
rticles in the 

 during backfill 
ement of 

hown in Table 
lacement 

he flood tide and 
he contractor 

urbidity 
nd 

l for a short 
Fourteen of the 
terial and four 

dance for 
ng activities 

nd rough weather may have contributed to the resuspension of 
at turbidity was generated.  Two turbidity exceedances that 

earned 
ject personnel as 
oning normally, 

ere available to 

two samples 
ist in the water 

uch 
smaller water quality dataset when compared to the use of an on-site water quality station 

ng is that it 
 impacts to 
ual 
nnot be 

that should be 
taken into account before deployment at a different site.  A turbidity plume may not have 
accurately been captured since the buoy was only collecting data at 1 meter below the 
water surface and turbidity plumes may affect the water column at lower depths.  Unique 
site conditions may have more complex current patterns where a single fixed buoy may 
not adequately collect representative water quality data because the buoy is not accurately 
capturing the plume of turbidity downstream of the work.  Hydroacoustic surveys could 
be used at the site during the initial startup of construction activities and could provide 

backfill material such th
occurred on February 7, 2008 were measured before the work crew arrived at the site and 
no work was being performed. 
 

3.1.1.3 Lessons L
Water quality monitoring with the real-time systems was viewed by pro
a success during its use at the site.  Once correctly calibrated and functi
the systems were effective at producing frequent water quality data that w
all project personnel. 
 
Water quality monitoring performed manually typically results in one to 
taken during construction activities and targets areas where plumes ex
column.  The disadvantage of the manual sampling approach is that it results in a m

that provides continual monitoring.  The advantage of continual monitori
captures real-time water quality information, which is useful in determining
water quality at any time during construction.  A disadvantage of the contin
monitoring approach is that it cannot target multi-directional plumes that ca
tracked by the stationary buoy. 
 
The use of a water quality monitoring buoy may have other deficiencies 
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information to enhance the placement of a site buoy, and the use of upper, 
bottom water quality sondes would capture a more complete dataset re
entire water column.  The use of multiple buoys on a site would generate
which could increase the possibility of capturing water quality exceedance
appropriate strategy (e.g., up-front agency education and planning) would 
place so that work could be performed efficiently; however, multiple buoy
accurately characterize turbidity plumes if the movement of the p

middle, and 
presentative of the 

 more data, 
s, and an 
need to be in 
s may still not 

lumes is not fully 
understood at a given site.  Additional buoys may also hinder movement of construction 

on. 

vessel activity 
 and may not 

e buoy.  An 
curred when 

curred in the 
rrick platform 

curred) or it is possible that 
rection) away from 

urrents flowing 
. 

iver or nearby 
been an accurate indicator of background 

, at various times during the project, the background turbidity 
g that a 
ize project-

The near-real-time remote data acquisition system allowed project personnel to monitor 
st immediately if 

trations.  Ecology valued 
 project. 

has attained 
cleanup standards or other performance standards (WAC 173-340-410 (b)). 

3.2.1 Post-Dredge, Post-Base Backfill, and Post-Habitat Mix Surveys 
Throughout the dredging and backfilling operation, bottom surveys performed by the 
contractor were submitted to King County’s project engineer and reviewed for 
compliance with the Contract Drawings.  When all high spots identified by the 
contractor’s surveys had been removed, a post-dredge survey was conducted by eTrac 

by limiting movement of equipment and may also obstruct vessel navigati
 
Environmental effects at the site including tides, wind, and nearby large 
also influenced the water quality monitoring measurements at the site buoy
have been accurately accounted for due to the stationary position of the sit
example of these environmental influences during backfilling activities oc
turbidity exceedances were observed during ebb tide, which periodically oc
afternoon.  In this example, turbidity may have been contained near the de
during flood tide (during the morning before the ebb tide oc
turbidity may have been moving in the opposite direction (upstream di
the buoy until the tide changed to ebb tide.  But ultimately, with the net c
toward the site buoy, turbidity exceedances were noted at the site buoy
 
The water quality data collected at the background monitoring system located at the 
Seattle Aquarium may have been influenced locally by the Duwamish R
stormwater discharges, and may not have 
conditions.  For example
measurements were higher than the site turbidity measurements, indicatin
background buoy placed at distance from the site did not always character
specific background water quality conditions. 
 

3.1.1.4 Real-Time Monitoring 

water quality constantly during construction activities, and detect almo
construction activities had an impact on turbidity or DO concen
the real-time monitoring data and viewed it as a success for the

3.2. PERFORMANCE MONITORING 

Performance monitoring is conducted to confirm that the cleanup action 
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Engineering, L.L.C. (eTrac) to independently confirm the dredging result
dredge survey showed that the contractor removed sediments to the re
shown in the Contract Drawings and as described in the Technical Specif
Similarly, the contractor’s surveys were used to confirm that each backfil
thickness was sufficient before eTrac conducted the post-base backfill and post-hab
mix surveys.  These surveys showed that the base backfill and habitat mix layers we

s.  The post-
quired elevations 

ications.  
l material 

itat 
re 

placed in accordance with the Contract Drawings and Technical Specifications.  Surveys 
n 4.0. 

pling and 
t, Ecology 

ges in 
l moving beyond the 

e boundary 
t-dredge surface 

fore 
ere established 
lemented to 
hed within 

re 8 shows that 
J) were 
om 50 to 400 

gure 9 shows the 
 and DWPD-05) as 

 by Ecology and one core station (DW105) located within the dredge footprint.  
At stations where samples were mostly gravel, multiple sediment grabs were necessary to 
obtain an adequate sample volume for chemistry analysis.  To verify reproducibility of 
the grab samples, a field replicate was obtained at one station (LTBC20 (J)) before 
construction.  No field replicate was collected at the sampling event following 
construction. 
 

are discussed further in Sectio

3.2.2 Sediment Sampling 
When the Dredging and Backfilling Operations Sediment Monitoring Sam
Analysis Plan (KCDNRP 2007b; Appendix G) was prepared for the projec
required sediment sampling beyond the site boundary to document any chan
chemical concentrations of surface sediments due to dredge materia
site boundary.  Ecology also required post-dredge sampling within the dredg
in areas where backfill would be less than 3 feet thick to characterize pos
sediment quality conditions after dredging activities were completed and be
backfilling activities were initiated.  A total of seven monitoring stations w
beyond the site boundary and sampled before and after the project was imp
document potential changes over time.  A total of five stations were establis
the dredge prism to evaluate the sediment at the post-dredge surface.  Figu
stations DW-01, DW-03, DW-13, DW-19, DW-33, DW-34, and LTBC20 (
spaced upstream, downstream, and offshore of the dredge site and ranged fr
feet from the boundary of the dredge prism, as requested by Ecology.  Fi
five grab stations (DWPD-01, DWPD-02, DWPD-03, DWPD-04,
requested
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 after 
e dredge 
nalysis of 

l/acid extractable 
ional parameters 

D]).  The 

hods described 
ling and Analysis 

ism) sampling 
ty, Post 

arshore 
, Areas C, D, and 

onitoring Sampling and Analysis Plan (KCDNRP 2008) for the post-construction 
sampling event (See section 6.0).  The resulting data underwent QA1 review, presented in 
Appendix I.  Results of the analyses are presented in Tables 3 to 5 and are discussed 
below. 
 
 

 

3.2.2.1 Sediment Analyses 
All sediment samples collected beyond the site boundary for before and
comparisons, and sediment samples collected within the dredge prism at th
surface were submitted to the King County Environmental Laboratory for a
standard SMS sediment characterization parameters (PCBs, base/neutra
semi-volatiles [BNAs], mercury, SMS metals, and the sediment convent
of total organic carbon [TOC], total solids, and particle size distribution [PS
analytical methods used for various parameters are listed in Appendices G and H.  All 
analyses were performed under QA1 guidance (Ecology 1989) per the met
in the Dredging and Backfilling Operations Sediment Monitoring Samp
Plan(KCDNRP 2007b) for the pre-construction and post-dredge (inside pr
events, and the Denny Way CSO and Elliott West CSO Treatment Facili
Operation Sediment Monitoring, Year 3, Denny Way CSO Areas A and B Ne
Sediment Remediation Project Post-Construction Sediment Monitoring
E M
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Table 4 
hanges in PCB Dry Weight and SMS ValC ues at Seven Stations  

Beyond the Site Boundary After Construction 
 

PCB Conc  (µ eentration g/kg dry w ight) # PCB Conce g/kg OC) ntration (m

Stat rease Before After Inions Before After Increase Dec crease Decrease 

DW-01 504 709 205 -- 24.3* 35.2* 10.9 -- 

DW-19 286 412 126 0.3 -- 15.0* 14.7* -- 

LTBC20 (J) 34.0 34.1 0.   TOC -- --  1 -- 3.40 low

LTBC20 (J) Rep 60.9 NS N/A  NS N/AV N/AV   V N/AV 3.81

DW-33 9.82 <1.2 --   TOC -- --    8.62 0.89 low

DW-03 35.2 13.4 -- 6  TOC -- --    21.8 1.4 low

DW-13 80.5 <1.1 -- 79.4 4.74 low TOC -- -- 

DW-34 585 203 -- 23.1 382 -- 39.0* 15.9* 

         

         

Total Soli ercent  weighds (p dry t) TOC (percen ry weight) t d

Stations B crease Before After Increasefore After Increa  se De e Decrease 

DW-01 52.7 53.2 0.5 0.06 -- 2.07 2.01 -- 

DW-19 53.3 58 4.7 1.95 0.02 -- -- 1.93 

LTBC20 (J) 69.3 79 9.7 5 0.77 -- 0.9 0.18 -- 

LTBC20 (J) Rep 63.2 NS N/A 1 S N/AV N/AV   V N/AV 1.6 N

DW-33 90.0 86.3 -- 3.7 1.11 <0.05 -- 1.06 

DW-03 75.9 79.2 3.3 -- 2.42 0.10 -- 2.32 

DW-13 59.6 92.5 32.9 -- 1.68 <0.05 -- 1.63 

DW-34 66.6 60.2 -- 6.4 1.45 2.38 0.93 -- 
# = Values rounded to three significant figures 
* = Value exceeds Sediment Quality Standards (SQS) 
µg/kg = microgram per kilogram 
mg/kg = milligrams per kilogram 
NS = Not Sampled 
N/AV = Not Available 
OC = organic carbon-normalized 
PCB = polychlorinated biphenyl 
TOC = total organic carbon 
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3.2.2.2 Discussion of Sampling Results Before and After Construction Samples Beyond 

ed before and after 
ary of all 

PCBs are included in Table 4.  Corresponding TOC and total solids values are also 

ed 
iteria.  After 
 no 

tations sampled 
20) had TOC values 

ercent dry weight TOC) for reporting 

t effects 

 exceeded SMS 
TBC20(J)Rep) 

ria.  After 
P.  For 

d SQS criteria.  
After construction, there were no exceedances of SQS or CSL criteria for BBP.  For 

onstruction, 
-01 and DW-
ce of SQS 

 processes that 
sediment transport 

ge in dry weight 

sing to the 
 PCB dry 
l differences.  
 and the 

considered as a change in total PCB concentration.  The highest increase (205 ppb) 
occurred at station DW-01, which is located approximately 350 feet north of the northern 
edge of the dredge prism boundary and downstream of the site.  The second highest 
increase (126 ppb) occurred at station DW-19, which is located approximately 300 feet 
west of the western edge of the dredge prism boundary.  While these values are 
potentially within the acceptable error of Aroclor analytical methods, the results indicate 
some increase likely occurred.  The relatively low increases in PCB concentrations show 

Site Boundary 
The complete listing of analytical results for sediment samples collect
construction is included in Appendix J for dry weight values.  A summ
chemicals that exceed SMS criteria is included in Table 3, and individual results for 

included in Table 4. 
 
For PCBs, Table 3 shows that three stations (DW-01, DW-19, and DW-34) exceed
SMS criteria before construction, with all three stations greater than SQS cr
construction, the same three stations exceeded SQS criteria, and there were
exceedances of Cleanup Screening Level (CSL) criteria.  Of the seven s
after construction, four stations (DW-03, DW-13, DW-33, and LTBC
that were below the acceptable TOC value (0.5 p
data on an organic carbon-normalized basis.  For these samples, accepted dry weight 
basis lowest apparent effects threshold (LAET) and second lowest apparen
threshold (2LAET) criteria were used as shown in Table 3. 
 
For bis(2 ethylhexyl)phthalate (BEHP), Table 3 shows that four stations
criteria before construction, with three stations (DW-01, DW-19, and L
greater than SQS criteria and one station (DW-34) greater than CSL crite
construction, there were no exceedances of SQS or CSL criteria for BEH
butylbenzylphthalate (BBP), Table 3 shows that four stations exceede

mercury, Table 3 shows that three stations exceeded SMS criteria before c
with one station (DW-34) greater than SQS criteria, and two stations (DW
19) greater than CSL criteria.  After construction, there was one exceedan
criteria (DW-19), and one station (DW-01) exceeded CSL criteria. 
 
The most accurate way to identify changes produced by the two transport
affect chemical concentrations beyond the site boundary (i.e., dredge 
and backfill sand transport) is to look for spatial differences in the chan
concentrations at each station.  To assist in this analysis, the stations in Table 4 were 
arranged in progressive order starting with the greatest increase and progres
largest decrease in PCB dry weight.  In Figure 8, the observed changes in
weight values were plotted next to the station numbers to show the spatia
Dry weight concentrations increased at two stations (DW-01 and DW-19),
increase observed at station LTBC20 (J) is too small (0.1 part per billion [ppb]) to be 
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that the migration of dredge material reached the outermost sampling stations and the 
direction of the migration correlates with the direction of tidal currents at the site.   

 in PCB dry 
nd is transported 

s the 10-
tingency cover 

20 (J), and DW-
 PCB concentration, 

concentrations 
CB 

e PCB 
hat sand migrated 

he placement of backfill or contingency cover sand material to reduce the 
PCB concentrations near station DW-34 because backfill was predominately placed 

to tidally 
d currents. 

ithin Site 

dge boundary 

3 feet thick, and these sample locations are shown in Figure 9.  One subsurface core was 
 listing of 
t the post-
ary of all 

05, and DW-105 [0 to 1 and 1 to 2 feet]) exceeded SQS criteria, and there were no 
r construction, 
e the acceptable 

 organic carbon-
LAET criteria 

h stations 
(DWPD-04 and DW-105 [0 to 1 and 1 to 2 feet]) greater than CSL criteria.  For BBP, 
Table 5 shows that one station (DW-105 [1 to 2 feet]) exceeded SQS criteria. 
 
For mercury, Table 5 shows that four stations exceeded SMS criteria at the post-dredge 
surface, with one station (DWPD-01) greater than SQS criteria, and three stations 
(DWPD-02, DWPD-04, and DW-105 [0 to 1 and 1 to 2 feet]) greater than CSL criteria.  
For cadmium, Table 5 shows that only one station (DWPD-02) exceeded the CSL criteria 

 
Four stations (DW-03, DW-13, DW-33, and DW-34) showed a reduction
weight values.  A reduction in PCB values can occur when backfill sa
onto the station or contingency cover material is placed, which either buries all the 
underlying contaminated sediment (DW-13 and DW-33) or partially dilute
centimeter (cm)-deep sample (DW-03 and DW-34).  A 6-inch layer of con
sand was placed in an area that covered Stations DW-03, DW-13, LTBC
33 as shown in Figure 8.  Station LTBC20 (J) showed no change in
while stations DW-03, DW-13, and DW-33 showed reductions in PCB 
(21.8 ppb, 79.4 ppb, and 8.62 ppb, respectively).  The highest reduction in P
concentration occurred upstream of the site at Station DW-34 where th
concentration was reduced by 203 ppb.  It is reasonable to assume t
during or after t

during flood tide and may have migrated in the upstream direction due 
influence
 

3.2.2.3 Discussion of Sampling Results for Post-Dredge Surface Samples W
Boundary 

Ecology required surface sediment sampling inside and around the dre
immediately following dredging activities in areas where backfill would be less than 

also collected near the boundary of cleanup Areas A and B.  The complete
analytical results for sediment samples collected after dredging activities a
dredge surface are included in Appendix J for dry weight values.  A summ
chemicals that exceed SMS criteria is included in Table 5. 
 
For PCBs, Table 5 shows that five stations (DWPD-02, DWPD-03, DWPD-04, DWPD-

exceedances of CSL criteria for PCBs.  Of the six stations sampled afte
two stations (DWPD-02 and DWPD-05) had TOC values that was abov
TOC value (3.0 percent dry weight TOC) for reporting data on an
normalized basis.  For this sample, accepted dry weight basis LAET and 2
were used to compare to SMS criteria. 
 
For BEHP, Table 5 shows that two stations exceeded SMS criteria with bot
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at the post-dredge surface.  For silver, Table 5 shows that two stations (DWPD-02 and 
DW-105 [0 to 1 foot]) exceeded the CSL criteria.  For lead and zinc, Table 5 shows that 

ceeded the 
PD-04 and 

n (DWPD-04) 
 than CSL criteria.  
D-02 as shown in 

d fluorene, 
 (LPAHs), 

Cd)pyrene, dibenzo(a,h)anthracene, benzo(g,h,i)perylene, total benzofluoranthenes, and 
atic hydrocarbons (HPAHs) exceeded the 

onfirm the long-
 performance 

irmation testing of 
il 2008, and will 

oring will occur 
ear.  A separate report will be issued with the sediment chemistry results for 

each year sampled; however, Section 6 of this report details the April 2008 sampling 
effort at the one monitoring station on the backfill area.  Appendix H details the long-
term sediment monitoring sampling and analysis plan (KCDNRP 2008) for cleanup 
Areas A and B. 
 

only one station (DWPD-02) exceeded the CSL criteria. 
 
For acenaphthene, Table 5 shows that one station (DW-105 [1 to 2 feet]) ex
CSL criteria.  For 1,4-dichlorobenzene, Table 5 shows that two stations (DW
DW-105 [0 to 1 and 1 to 2 feet]) exceeded the SMS criteria, with one statio
greater than SQS criteria and one station (DW-105 [1 to 2 feet]) greater
Numerous PAH compounds exceeded the SMS criteria at station DWP
Table 5.  Phenanthrene exceeded the SQS criteria at station DWPD-02, an
anthracene, total low-molecular-weight polycyclic aromatic hydrocarbons
fluoranthene, pyrene, benzo(a)anthracene, chyrysene, benzo(a)pyrene, ideno(1,2,3-

total high-molecular-weight polycyclic arom
CSL criteria at station DWPD-02. 

3.3. CONFIRMATIONAL MONITORING 

Cleanup regulations require confirmational monitoring be performed to c
term effectiveness of the cleanup action, once cleanup standards and other
standards have been attained (WAC 173-340-410 (c)).  Long-term conf
the chemical levels on surfaces of cleanup Areas A and B began in Apr
continue for 4 years until 2012.  Sampling during the long-term monit
once each y
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4.0 Surveys 

-DREDGE, POST-BASE BACKFILL, 

 site surveys 
n began at the 

plete, and after 
at the depths of 
ontract 

g dredge quantities 
as performed 

y every 25 
 of an 
control was 

r station and locally 
 American 

tical datum was the U.S. Army Corps of Engineers’ 
MLLW.  The King County surveys typically took less than half a day to acquire the 

e survey.  
s the as-builts 

 survey was performed on September 10, 2005, by Blue Water 
uded in the Technical 

as performed on October 30, 2007.  
ase backfill 

y was performed 

orm daily 
perations, but 

er week.  The 
sed a Hemisphere V10 DGPS receiver for horizontal positioning and a single-

beam Odom Echotrack dual-frequency survey-grade echosounder for recording water 
depth.  Laptop computers with Hypack® software processed the data.  Soundings were 
corrected for the tides based on a project-established electronic tide gauge at Pier 70.  The 
contractor performed a pre-dredge survey about 1 month after eTrac performed King 
County’s pre-dredge survey.  The two surveys were in substantial agreement.  The 
contractor’s final post-dredge survey was also in substantial agreement with eTrac’s post-
dredge survey. 

4.1 PRE-CONSTRUCTION, POST
AND POST-HABITAT MIX SURVEYS 

King County hired an independent hydrographic surveyor (eTrac) to perform
at key times during the project.  Surveys were performed before constructio
site, after the dredging was complete, after the base backfill layer was com
the habitat mix layer was complete.  These surveys were used to verify th
dredging and elevations for backfilling were achieved as required in the C
Documents.  These surveys were also used as the basis for computin
and base backfill layer quantities for contractor payment.  Each survey w
using a multi-beam survey-grade fathometer with survey lines approximatel
feet across the site.  Tidal corrections were made based on periodic reading
electronic tide gauge installed near the site at Pier 70.  Horizontal location 
provided by using a DGPS that utilized the U.S. Coast Guard correcto
surveyed monuments.  The horizontal datum used in the surveys was North
Datum of 1983 (NAD83) and the ver

survey data and less than 24 hours to process the raw data and approve th
Copies of the surveys are included in Appendix K; these surveys function a
required by MTCA (WAC 173-340-400(b)). 
 
A reconnaissance
Engineering.  This survey was used to develop the final plans incl
Specifications.  A confirmational pre-dredge survey w
The post-dredge survey was performed on January 13, 2008.  The post-b
survey was performed on February 4, 2008.  The post-habitat mix surve
on February 15, 2008. 

4.2 CONTRACTOR DAILY PROGRESS SURVEYS 

As described in the Contract Documents, the contractor was required to perf
progress surveys over the entire area dredged to date during dredging o
typically the contractor performed the progress surveys two to three times p
contractor u
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During backfilling operations, the contractor’s progress surveys were u
whether each backfill layer had adequate thickness.  T

sed to monitor 
he contractor’s final post-base 

 with the eTrac post-base backfill survey. 

 shows that 
 overdredge 

as 13,701 cy.  
ferent units of 

 11,886 cy of 
or rock (light 

 square yards of contingency cover material (Table 6).  These 
quantities were measured either by hydrographic survey, at the quarry based on barge 
displacement and usin ves, or by using bucket mark maps to 
confirm square yards placed. 
 

ble 6 
Quantit ackfilling als 

 

backfill survey agreed

4.3 QUANTITIES 

A comparison between the pre-dredge survey and the post-dredge survey
14,376 cy were removed during the entire project (including the debris and
quantities).  The final pay volume for the dredging portion of the work w
The backfilling quantities were measured by material type and paid by dif
measurement as shown in Table 6.  The contractor delivered and placed
base backfill, 4,821 cy of habitat mix (paid as lump sum), 758 tons of arm
loose riprap), and 8,815

g certified displacement cur

Ta
ies of B  Materi

Material Type (Paid Unit) 
Revised Final Final Pay 

Original Bid Estimate Construction Quantity 

Base Backfill (CY) 12,800 10,810 11,886 11,886 

Habitat Mix (LS) Lump Sum Lump Sum 4,821 Lump Sum 

Rock Armor (TON) -- -- 758 758 

Contingency Cover (SY) 6,200 8,815 8,815 8,815 
CY = cubic yards 
LS = lump sum 
SY = square yards 
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rt (Anchor 2007b), 
Ecology: 

oncrete 
sea wall was 
luded a scope 
t revised the 
ge plan and 

vision 
nd steeping the 
al of concrete 

e from 
0 cy.  The scope of 

ris present in 
urnish and 

ced on site did not meet the Technical Specification for 
aterial.  The material specified was not readily available at the time 
 the habitat mix layer, and an alternative habitat mix specification 

by the Washington Department of Fish and Wildlife (WDFW): 

 by the Technical 
s survey 
improve the 

reduced survey 
tor’s schedule. 

 before 
ined in the 

time, the backfilling (and post construction sampling) was not projected to be 
completed before the end of the fish window.  An extension to the fish window 
from February 16 to February 28 was requested from WDFW and received. 
Taking the samples pre-backfill allowed the decision on whether or not to place 
the contingency cover to be made prior to completion of backfilling and reduced 
the period the project extended into the fish window (5 days) by up to 7 days. 

 

5.0 Deviations From Plans 
The following deviations were noted from the Design Analysis Repo
Contract Drawings, and Technical Specifications and were approved by 

• Request for Change Order No. 001 (RCO No. 001) stated that the c
material present on the upper slope of the dredge prism along the 
considered to be a change of site conditions.  The change order inc
of work and revisions to the Contract Drawings (C102 to C105) tha
dredge side slopes and cross sections.  The modifications to the dred
target base backfill plan are shown in Figures 3 and 5 respectively.  The re
included modifying the toe of the dredge cut along the shoreline, a
dredge cut to a planned 1H:1V.  The revision minimized the remov
material in the upslope area and reduced the dredge prism volum
approximately 17,100 cy to 15,100 cy, or a difference of 2,00
work required the contractor to remove and dispose of concrete deb
the revised dredge footprint that was acting as slope armoring, and f
replace armor rock as determined by the engineer. 

• The habitat mix pla
Habitat Mix m
of constructing
was approved 

 Size          Percent Passing 
 2”                     100 
 1.5”                   80-95 
 ¾”                     50-80 
 US No.4           30-50 
 #200                 0-8 
 The change helped the contractor stay on schedule. 
• Contractor progress surveys were required to be performed daily

Specifications.  The contractor requested to decrease the progres
frequency, reducing the number of surveys to three per week to 
contractor’s construction schedule.  King County agreed that this 
frequency was acceptable, which ultimately helped the contrac

• The contingency layer was placed based on the results of sampling
backfilling instead of based on post-construction sampling as conta
Technical Specifications.  King County requested this change because, at that 
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6.0 Post-Construction and Long-Term Monitoring 

TATION ON BACKFILL SURFACE IN 

tion Sediment 
 Remediation 

ring Sampling 
s long-term 

one station 
 of the backfill 
lly in April 

rface sediment 
seline sample 

 the grab sampler 

sediment was available.  Station DWMP-10 is located in an area covered with habitat mix 
that contains a large amount of gravel and makes it difficult to collect a representative 
sample.  No sample was submitted to the laboratory for this station for this year. 
 

6.1 SEDIMENT CHEMISTRY S
CLEANUP AREAS A AND B 

The Denny Way CSO and Elliott West CSO Treatment Facility, Post Opera
Monitoring, Year 3, Denny Way CSO Areas A and B Nearshore Sediment
Project Post-Construction Sediment Monitoring, Areas C, D, and E Monito
and Analysis Plan (KCDNRP 2008) is included in Appendix G and contain
monitoring requirements for changes in the surface sediment chemistry of 
within cleanup Areas A and B to evaluate the potential for recontamination
over time.  Surface samples will be collected from station DWMP-10 annua
for a 5-year period, from 2008 through 2012.  Figure 10 shows the one su
monitoring station located in Area A.  An attempt to collect the first-year ba
was conducted on April 1, 2008 (Year 0 sampling event).  Three casts of
that produced only rock and gravel were made at Station DWMP-10, and no collectable 
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on schedule, 
 A longer 
ave eased the 
pecifications 

itat mix that met 
tion).  Increases in bid responses from contractors may also improve 

 generally higher 

n that 
ave included 
hat was used 
on before the 
rea may have 

delineation of the armor material or for “debris” in general may not have actually averted 
concrete 

terpretation for 

arine construction is currently being subjected to more public and 
rovide more 

rogress 
to effectively 

ethod of offloading sediment at the offloading facility was effective at maintaining 
ffloading rates.  

e leased to store 
 the material 
ed for the 

ater quality monitoring buoys on this 
project and the buoys were viewed as a success by project personnel and regulatory 
agencies (i.e., Ecology).  The frequency of data available in real-time allowed for close 
monitoring of the water quality impacts due to construction activities.  The shortcomings 
of using a stationary buoy are that it may not be the most accurate water quality indicator 
because turbidity plumes may not be measured at the correct depth or location.  
Increasing the number of sondes on each buoy may be beneficial to future projects so that 
water quality is characterized for more of the water column. 
 

7.0 Summary of Lessons Learned 
Overall, the cooperation of project personnel helped the construction stay 
and the cleanup was completed in a relatively short construction window. 
construction window may have improved contractor bid response, would h
schedule, and may have allowed for stricter enforcement of the Technical S
(e.g., required contractor daily progress surveys, contractor sourcing hab
the material specifica
with a decrease in King County’s insurance requirements, which are
than the industry standard. 
 
The change order was effectively managed with a modification to the desig
minimized the increase in project costs from the change order, but could h
strengthened performance language pertaining to the use of the excavator t
to remove pieces of armor rock and concrete.  Collection of more informati
design phase that would assist in delineating the armor rock and concrete a
clarified the design, but could have also increased bid prices.  In addition, further 

a change order.  A separate bid item for the removal of the armor rock and 
would have allowed for a more complete evaluation of the contractor’s in
this portion of the work. 
 
Overdredging during m
regulatory agency (e.g., Corps) scrutiny, and the daily contractor surveys p
timely evidence of overdredging; therefore, it is important to receive these p
surveys in the schedule specified in the Technical Specifications in order 
minimize overdredging. 
 
The m
a clean operation, but influenced dredging production because of slower o
To improve offloading rates under this scenario, available land could b
containers loaded with sediment, so that sediment could be offloaded from
barges independent of the transportation schedule of available trains destin
landfill. 
 
King County introduced the use of the real-time w
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8.0 Affidavit 
The interim cleanup action for the contaminated sediments at the Denny Way CSO 
Nearshore Interim Sediment Cleanup Project site in Elliott Bay has been completed in 
substantial compliance with the Design Analysis Report dated July 2007 and the 
Technical Specifications dated August 2007. 

Project Manager 
Anchor Environmental, L.L.C. 
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Clamshell Dredging Operations 
 

 
Loading the Barge 



 
Excavator Dredging Operations 
 

 
Offloading Operations 
 



 
Offloading Operations – Lined Container 
 

 
Offloading Operations – Transfer of Filled Container to Truck 
 



 
Backfill Operations 
 

 
Backfill Operations – Habitat Mix Material Placement 



 
Armor Rock placed Over Habitat Mix Layer 
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Hourly Averaged Water Quality Monitoring Data 
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-1: Week 1)

Date Time

Manual 
Turbidity

(NTU)

Manual 
DO

(mg/L)

Buoy 
Turbidity

(NTU)

Buoy
DO

(mg/L)

Background 
Turbidity

(NTU) Notes
11/30/2007 9:45 AM 0.51 6.80 0.00 6.93 0.00

12/1/2007 9:45 AM 0.67 7.60 0.00 7.62 0.00 First full day of dredging
12/3/2007 3:15 PM 6.58 7.97 4.40 8.20 3.80 Elliott West discharging
12/4/2007 2:45 PM 4.67 8.20 2.20 8.53 5.30 Elliott West discharging
12/5/2007 9:45 AM 7.63 9.00 4.00 9.33 7.10
12/6/2007 10:45 AM 1.54 7.50 0.20 7.71 2.30
12/7/2007 10:45 AM 1.78 7.90 0.20 8.07 3.00

Turbidity exceedance at site buoy.
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-2: Week 2)

Date Time

Manual 
Turbidity

(NTU)

Manual
DO

(mg/L)

Buoy 
Turbidity

(NTU)

Buoy
DO

(mg/L)

Background 
Turbidity

(NTU)
12/8/2007 10:30 AM 2.73 8.10 0.00 8.07 2.30

12/10/2007 12:45 PM 1.83 8.22 0.00 8.52 0.80
12/11/2007 9:45 AM 1.06 8.02 0.00 8.21 1.00
12/12/2007 9:15 AM 1.40 8.40 0.00 8.60 1.00
12/13/2007 10:30 AM 1.39 8.50 0.00 8.63 1.00
12/14/2007 12:30 PM 1.10 8.50 0.00 7.93 1.00

Turbidity exceedance at site buoy.
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-3a: Week 3a)

Date Time

Manual 
Turbidity

(NTU)

Manual 
DO

(mg/L)

Buoy 
Turbidity

(NTU)

Buoy
DO

(mg/L)

Background 
Turbidity

(NTU) Notes
12/15/2007
12/17/2007 11:45 AM 1.39 8.30 0.40 8.83 0.90 Last day of manual readings

Turbidity exceedance at site buoy.
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-3b: Week 3b)

Time 18-Dec-07 19-Dec-07 20-Dec-07 21-Dec-07

Site Turbidity (NTU) 0.00 0.00 0.00 0.00
Background Turbidity (NTU) 0.75 0.88 0.83 0.93
DO (mg/L) 7.86 8.64 8.32 8.30

Site Turbidity (NTU) 0.00 2.40 3.00 0.00
Background Turbidity (NTU) 0.65 0.83 1.15 0.88
DO (mg/L) 7.82 8.39 8.40 8.14

Site Turbidity (NTU) 1.53 1.56 5.30 0.00
Background Turbidity (NTU) 0.60 0.90 1.00 0.68
DO (mg/L) 7.79 8.40 8.43 8.55

Site Turbidity (NTU) 2.30 1.83 2.20 0.00
Background Turbidity (NTU) 0.60 0.85 0.98 0.98
DO (mg/L) 7.85 8.48 8.48 8.62

Site Turbidity (NTU) 1.78 1.23 2.18 0.00
Background Turbidity (NTU) 0.52 0.80 1.10 0.90
DO (mg/L) 7.95 8.48 8.49 8.68

Site Turbidity (NTU) 0.00 0.10 0.78 0.00
Background Turbidity (NTU) 0.50 0.68 0.9 0.80
DO (mg/L) 8.12 8.53 8.51 8.66

Site Turbidity (NTU) 0.38 0.18 0.68 0.00
Background Turbidity (NTU) 0.57 0.70 0.88 0.95
DO (mg/L) 8.12 8.56 8.45 8.65

Site Turbidity (NTU) 0.00 0.00 0.73 0.28
Background Turbidity (NTU) 0.85 0.68 0.68 0.98
DO (mg/L) 8.27 8.36 8.03 8.74

Site Turbidity (NTU) 0.00 0.00 0.38 0.00
Background Turbidity (NTU) 0.85 0.65 0.63 0.78
DO (mg/L) 8.28 8.35 8.09 8.84

Site Turbidity (NTU) 2.55 0.00 0.25 0.00
Background Turbidity (NTU) 0.85 0.65 0.70 1.13
DO (mg/L) 8.41 8.32 7.87 8.55

Site Turbidity (NTU) 0.90 0.00 0.45 0.38
Background Turbidity (NTU) 0.85 0.70 0.73 0.85
DO (mg/L) 8.44 8.32 8.16 8.75

Turbidity exceedance at site buoy.

15:00

16:00

17:00

11:00

12:00

13:00

14:00

7:00

8:00

9:00

10:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-4: Week 4)

22-Dec-07 24-Dec-07 25-Dec-07 26-Dec-07 27-Dec-07 28-Dec-07

Site Turbidity (NTU) 0.00 1.45 1.90
Background Turbidity (NTU) 0.65 1.43 1.98
DO (mg/L) 7.93 8.48 8.48

Site Turbidity (NTU) 0.00 1.45 1.93
Background Turbidity (NTU) 0.73 1.43 1.95
DO (mg/L) 8.25 8.50 8.48

Site Turbidity (NTU) 0.00 1.45 2.70
Background Turbidity (NTU) 0.73 1.30 1.93
DO (mg/L) 8.52 8.54 8.55

Site Turbidity (NTU) 0.00 1.30 3.08
Background Turbidity (NTU) 0.70 1.20 1.90
DO (mg/L) 8.52 8.23 8.65

Site Turbidity (NTU) 0.00 1.93 1.93
Background Turbidity (NTU) 0.70 1.20 1.83
DO (mg/L) 8.49 8.42 8.26

Site Turbidity (NTU) 0.00 3.40 1.70
Background Turbidity (NTU) 0.68 1.18 1.83
DO (mg/L) 8.38 8.42 8.32

Site Turbidity (NTU) 2.08 2.18 2.25
Background Turbidity (NTU) 0.70 1.23 1.80
DO (mg/L) 8.40 8.27 8.43

Site Turbidity (NTU) 0.63 1.48 1.95
Background Turbidity (NTU) 0.70 1.28 1.73
DO (mg/L) 8.29 8.32 8.45

Site Turbidity (NTU) 0.03 1.90 1.73
Background Turbidity (NTU) 0.78 1.25 1.65
DO (mg/L) 8.31 8.41 8.49

Site Turbidity (NTU) 0.00 2.45 1.60
Background Turbidity (NTU) ND 1.18 1.60
DO (mg/L) 8.34 8.41 8.55

Site Turbidity (NTU) 0.00 3.63 1.60
Background Turbidity (NTU) 0.55 1.13 1.63
DO (mg/L) 8.39 8.40 8.43

Site Turbidity (NTU) 0.00 3.63 1.60
Background Turbidity (NTU) 0.55 1.13 1.63
DO (mg/L) 8.39 8.40 8.43

Site Turbidity (NTU) -- 1.5 --
Background Turbidity (NTU) -- 1.17 --
DO (mg/L) -- 8.59 --

14:00

9:00

10:00

Weekly Manual Sample - 09:45

15:00

16:00

17:00

18:00

11:00

12:00

13:00

Time

Holiday

7:00

8:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-4: Week 4)

Turbidity exceedance at site buoy.
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-5: Week 5)

29-Dec-07 31-Dec-08 1-Jan-08 2-Jan-08 3-Jan-08 4-Jan-08

Site Turbidity (NTU) 1.60 1.15 1.25 1.10
Background Turbidity (NTU) 1.30 1.08 1.18 1.05
DO (mg/L) 8.64 8.69 8.49 7.97

Site Turbidity (NTU) 1.75 1.83 1.20 1.08
Background Turbidity (NTU) 1.50 1.08 1.20 1.05
DO (mg/L) 8.88 8.73 8.38 7.89

Site Turbidity (NTU) 2.03 2.40 1.20 1.05
Background Turbidity (NTU) 1.25 1.10 1.05 1.18
DO (mg/L) 9.02 8.58 8.47 8.06

Site Turbidity (NTU) 2.25 1.68 1.20 1.08
Background Turbidity (NTU) 1.33 1.10 1.13 1.20
DO (mg/L) 9.08 8.72 8.53 8.06

Site Turbidity (NTU) 2.10 1.48 1.23 1.10
Background Turbidity (NTU) 1.38 1.05 1.13 1.20
DO (mg/L) 8.79 8.70 8.58 8.07

Site Turbidity (NTU) 3.50 1.18 1.23 1.13
Background Turbidity (NTU) 1.60 1.00 1.10 1.25
DO (mg/L) 8.35 8.28 8.63 8.16

Site Turbidity (NTU) 2.55 1.10 1.25 2.70
Background Turbidity (NTU) 1.38 1.05 1.15 1.28
DO (mg/L) 8.64 8.15 8.53 8.15

Site Turbidity (NTU) 1.55 1.05 1.23 3.23
Background Turbidity (NTU) 1.55 1.05 1.23 1.18
DO (mg/L) 8.39 8.14 8.30 8.12

Site Turbidity (NTU) 1.50 1.08 2.68 2.48
Background Turbidity (NTU) 1.55 1.10 1.25 1.15
DO (mg/L) 8.45 8.09 8.24 8.09

Site Turbidity (NTU) 2.13 1.33 5.23 3.60
Background Turbidity (NTU) 1.50 1.05 1.18 1.15
DO (mg/L) 8.55 8.36 8.29 8.09

Site Turbidity (NTU) 2.15 1.50 1.60 2.00
Background Turbidity (NTU) 1.45 1.10 1.20 1.13
DO (mg/L) 8.43 8.37 8.30 8.02

Site Turbidity (NTU) -- 0.994 -- --
Background Turbidity (NTU) -- 1.1 -- --
DO (mg/L) -- 8.38 -- --

Turbidity exceedance at site buoy.

12:00

13:00

7:00

8:00

9:00

Weekly Manual Sample - 10:00

17:00

Holiday
Time

14:00

15:00

16:00

10:00

11:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-6: Week 6)

Time 5-Jan-08 7-Jan-08 8-Jan-08 9-Jan-08 10-Jan-08 11-Jan-08

Site Turbidity (NTU) 1.15 1.33 1.23 1.63 1.30 1.35
Background Turbidity (NTU) 1.15 1.18 0.98 1.25 1.23 1.45
DO (mg/L) 8.18 8.75 8.55 8.55 8.77 8.70

Site Turbidity (NTU) 1.175 1.58 1.18 1.35 1.38 2.20
Background Turbidity (NTU) 1.13 1.13 1.00 1.30 1.25 1.38
DO (mg/L) 8.18 8.87 8.51 8.57 8.82 8.75

Site Turbidity (NTU) 1.53 1.25 1.38 2.25 1.30 4.63
Background Turbidity (NTU) 1.10 1.20 0.98 1.30 1.10 1.38
DO (mg/L) 8.23 8.89 8.29 8.60 8.78 8.78

Site Turbidity (NTU) 2.63 1.20 1.33 1.38 1.38 3.85
Background Turbidity (NTU) 1.15 1.18 0.98 1.33 1.15 1.30
DO (mg/L) 8.26 8.96 8.29 8.63 8.73 8.83

Site Turbidity (NTU) 2.90 1.30 1.15 3.25 1.88 2.30
Background Turbidity (NTU) 1.10 1.18 0.98 1.30 1.20 1.20
DO (mg/L) 8.30 9.05 8.09 8.72 8.57 8.84

Site Turbidity (NTU) 1.80 1.73 1.25 2.88 2.18 5.83
Background Turbidity (NTU) 1.15 1.18 0.98 1.30 1.20 1.23
DO (mg/L) 8.35 8.96 8.22 8.70 8.57 8.85

Site Turbidity (NTU) 1.20 1.40 2.15 3.30 1.83 3.88
Background Turbidity (NTU) 1.10 1.13 1.00 1.23 1.18 1.23
DO (mg/L) 8.38 9.29 8.52 8.77 8.64 8.85

Site Turbidity (NTU) 1.20 1.60 1.78 2.43 1.50 1.78
Background Turbidity (NTU) 1.10 1.13 0.95 1.20 1.15 1.20
DO (mg/L) 8.41 9.20 8.21 8.73 8.48 8.66

Site Turbidity (NTU) 1.15 3.65 5.10 3.25 3.05 1.93
Background Turbidity (NTU) 1.10 1.15 0.95 1.23 1.13 1.25
DO (mg/L) 8.41 9.18 8.21 8.70 8.53 8.66

Site Turbidity (NTU) 1.15 1.73 6.70 2.05 4.08 2.90
Background Turbidity (NTU) 1.10 1.13 1.00 1.15 1.20 1.33
DO (mg/L) 8.44 9.03 8.07 8.72 8.51 8.63

Site Turbidity (NTU) -- -- -- 1.06 -- --
Background Turbidity (NTU) -- -- -- 1.30 -- --
DO (mg/L) -- -- -- 8.48 -- --

Turbidity exceedance at site buoy.

15:00

16:00

Weekly Manual Sample - 09:30

11:00

12:00

13:00

14:00

7:00

8:00

9:00

10:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-7: Week 7)

Dredge End Backfill Start

12-Jan 14-Jan 15-Jan 16-Jan 17-Jan 18-Jan

Site Turbidity (NTU) 1.675 1.53 1.6 1.65 1.45 1.20
Background Turbidity (NTU) 1.15 1.18 1.18 1.08 0.70 0.80
DO (mg/L) 8.63 8.83 8.96 9.43 8.83 8.12

Site Turbidity (NTU) 2.15 1.53 1.575 1.55 1.23 1.20
Background Turbidity (NTU) 1.13 1.20 1.28 1.80 0.80 0.83
DO (mg/L) 8.97 8.87 9.00 9.18 8.48 8.05

Site Turbidity (NTU) 2.13 1.60 1.80 1.53 1.03 1.20
Background Turbidity (NTU) 1.30 ND 1.68 1.25 1.00 0.88
DO (mg/L) 8.80 8.91 9.18 9.12 8.08 8.06

Site Turbidity (NTU) 1.95 1.58 1.80 1.23 1.80 1.20
Background Turbidity (NTU) 1.20 1.23 1.63 1.33 0.90 1.03
DO (mg/L) 8.71 8.94 9.18 8.36 8.72 8.28

Site Turbidity (NTU) 2.90 1.63 1.83 1.20 3.30 1.23
Background Turbidity (NTU) 1.50 1.23 1.50 1.20 0.83 0.83
DO (mg/L) 8.49 9.02 9.30 8.22 8.51 8.55

Site Turbidity (NTU) 2.50 1.55 1.88 1.18 7.95 1.25
Background Turbidity (NTU) 1.40 1.28 1.48 1.30 0.80 0.88
DO (mg/L) 8.75 9.08 9.32 8.19 8.55 8.64

Site Turbidity (NTU) 2.23 1.83 1.68 1.25 6.30 1.15
Background Turbidity (NTU) 1.28 1.33 1.48 1.13 1.03 0.78
DO (mg/L) 8.58 9.29 8.91 8.51 8.59 8.48

Site Turbidity (NTU) 2.25 1.78 9.13 1.13 4.70 1.10
Background Turbidity (NTU) 1.30 1.25 0.88 0.98 0.70
DO (mg/L) 8.57 9.33 8.44 8.15 8.09 8.34

Site Turbidity (NTU) 1.83 1.40 2.05 1.08 6.88 7.23
Background Turbidity (NTU) 1.40 1.23 1.10 1.10 0.80
DO (mg/L) 8.68 8.98 8.28 8.07 8.72 8.22

Site Turbidity (NTU) 1.48 1.10 1.80 1.30 5.35 12.95
Background Turbidity (NTU) 1.40 1.20 0.90 1.03 0.93
DO (mg/L) 8.68 8.36 8.25 8.51 8.86 8.63

Site Turbidity (NTU) 1.40 1.05 1.68 1.60 6.10 12.95
Background Turbidity (NTU) 1.38 1.18 1.03 0.93 0.95
DO (mg/L) 8.69 8.07 8.28 8.81 8.84 8.99

Site Turbidity (NTU) -- -- -- -- 5.63 --
Background Turbidity (NTU) -- -- -- -- 1.1 --
DO (mg/L) -- -- -- -- 9.16 --

Turbidity exceedance at site buoy.

Weekly Manual Sample - 15:15

13:00

14:00

15:00

16:00

10:00

11:00

12:00

17:00

Time
7:00

8:00

9:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-8: Week 8)

Time 19-Jan-08 21-Jan-08 22-Jan-08 23-Jan-08 24-Jan-08 25-Jan-08

Site Turbidity (NTU) 1.225 1.13 1.13 1.28 1.23 1.35
Background Turbidity (NTU) 0.75 0.75 0.88 0.70 ND 0.93
DO (mg/L) 8.69 8.32 8.39 8.48 8.38 8.75

Site Turbidity (NTU) 1.225 1.20 8.98 1.30 1.20 1.30
Background Turbidity (NTU) 0.83 0.73 0.80 0.73 ND 0.83
DO (mg/L) 8.73 8.35 8.29 8.32 8.31 8.93

Site Turbidity (NTU) 1.23 1.13 10.48 1.25 1.45 1.30
Background Turbidity (NTU) 0.83 0.78 0.80 0.73 0.70 0.75
DO (mg/L) 8.77 8.43 8.59 8.31 8.26 8.80

Site Turbidity (NTU) 1.20 1.13 1.38 1.23 1.45 2.98
Background Turbidity (NTU) 1.00 0.75 0.78 0.73 0.70 0.75
DO (mg/L) 8.78 8.47 8.89 8.12 8.26 8.66

Site Turbidity (NTU) 1.20 1.08 1.53 1.13 7.65 5.90
Background Turbidity (NTU) 0.95 0.75 0.73 0.75 0.70 0.78
DO (mg/L) 8.78 8.57 8.76 8.06 8.19 8.85

Site Turbidity (NTU) 1.18 1.10 1.80 1.13 15.03 3.75
Background Turbidity (NTU) 0.93 0.73 0.75 0.73 0.75 0.75
DO (mg/L) 8.77 8.54 8.47 8.41 8.31 8.74

Site Turbidity (NTU) 1.18 1.08 1.33 1.13 1.50 6.90
Background Turbidity (NTU) 0.90 0.63 0.75 0.83 0.70 0.88
DO (mg/L) 8.81 8.41 8.60 8.36 8.77 8..885

Site Turbidity (NTU) 1.20 1.08 1.15 1.15 2.90 4.23
Background Turbidity (NTU) 0.85 0.68 0.73 0.73 0.78 0.68
DO (mg/L) 8.86 8.29 8.59 8.37 8.81 8.98

Site Turbidity (NTU) 1.20 1.08 1.60 1.15 5.83 4.63
Background Turbidity (NTU) 0.93 0.78 0.70 0.70 0.78 0.73
DO (mg/L) 8.99 8.34 8.35 8.35 8.65 8.66

Site Turbidity (NTU) 1.18 1.03 3.05 1.08 2.90 3.48
Background Turbidity (NTU) 0.98 0.78 0.73 0.70 ND ND
DO (mg/L) 9.04 8.34 8.24 8.46 8.75 8.66

Site Turbidity (NTU) 1.20 1.30 5.43 1.10 1.70 2.43
Background Turbidity (NTU) 1.03 0.75 ND 0.80 0.65 0.65
DO (mg/L) 9.18 8.25 8.29 8.46 8.78 8.93

Site Turbidity (NTU) 1.28 1.58 2.53 3.33 1.53 3.23
Background Turbidity (NTU) 0.93 0.78 0.70 0.73 0.65 0.68
DO (mg/L) 9.06 8.36 8.32 8.53 8.79 8.75

15:00

16:00

17:00

18:00

11:00

12:00

13:00

14:00

7:00

8:00

9:00

10:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-8: Week 8)

Time 19-Jan-08 21-Jan-08 22-Jan-08 23-Jan-08 24-Jan-08 25-Jan-08

Site Turbidity (NTU) 1.48 1.83 2.43 4.98 1.58 3.15
Background Turbidity (NTU) 0.98 0.78 0.68 0.65 0.73 0.65
DO (mg/L) 9.09 8.36 8.27 8.43 8.54 8.69

Site Turbidity (NTU) 2.20 1.75 2.23 1.95 1.75 2.05
Background Turbidity (NTU) 0.93 0.85 0.68 0.70 0.70 ND
DO (mg/L) 9.16 8.27 8.24 8.46 8.63 8.28

Site Turbidity (NTU) -- -- -- 0.85 -- --
Background Turbidity (NTU) -- -- -- 0.80 -- --
DO (mg/L) -- -- -- 8.00 -- --

Turbidity exceedance at site buoy.

19:00

20:00

Weekly Manual Sample - 11:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-9: Week 9)

Time 26-Jan-08 28-Jan-08 29-Jan-08 30-Jan-08 31-Jan-08 1-Feb-08

Site Turbidity (NTU) 1.5 1.10 1.30 1.15 1.10 1.25
Background Turbidity (NTU) ND ND 0.78 0.83 0.95 0.98
DO (mg/L) 8.88 8.15 9.14 8.84 8.79 9.35

Site Turbidity (NTU) 1.4 1.10 2.80 1.10 1.18 1.65
Background Turbidity (NTU) 0.70 0.70 0.70 ND 0.90 0.98
DO (mg/L) 8.91 8.16 9.16 8.86 8.78 9.13

Site Turbidity (NTU) 1.38 4.28 3.48 1.10 2.13 1.48
Background Turbidity (NTU) 0.68 0.70 0.80 0.78 0.87 0.98
DO (mg/L) 8.81 8.24 9.16 8.92 8.88 9.03

Site Turbidity (NTU) 1.28 8.63 13.15 1.13 2.60 1.18
Background Turbidity (NTU) ND 0.78 0.70 0.83 0.87 1.00
DO (mg/L) 8.64 8.64 9.21 8.97 8.88 9.10

Site Turbidity (NTU) 1.20 2.18 6.08 1.10 4.75 1.15
Background Turbidity (NTU) 0.78 0.90 0.07 0.83 0.80 0.95
DO (mg/L) 8.53 8.91 9.24 9.02 8.91 9.08

Site Turbidity (NTU) 1.20 3.40 5.25 1.10 5.05 1.10
Background Turbidity (NTU) 0.78 ND 0.70 0.80 0.88 0.90
DO (mg/L) 8.81 9.12 9.17 9.05 8.88 9.14

Site Turbidity (NTU) 1.28 5.98 7.48 1.13 3.13 1.20
Background Turbidity (NTU) 0.75 0.90 0.73 0.83 0.97 0.90
DO (mg/L) 9.05 9.23 9.16 9.01 8.90 8.97

Site Turbidity (NTU) 1.25 10.10 17.55 1.10 2.75 2.65
Background Turbidity (NTU) 0.83 0.88 0.73 ND 0.90 0.95
DO (mg/L) 9.10 9.19 9.31 9.11 9.05 9.00

Site Turbidity (NTU) 1.35 2.93 5.55 1.10 1.50 1.60
Background Turbidity (NTU) 0.93 ND 0.83 0.80 0.90 1.00
DO (mg/L) 9.02 9.26 9.39 9.13 9.08 8.93

Site Turbidity (NTU) 1.18 5.65 3.60 1.15 1.58 1.15
Background Turbidity (NTU) 0.78 0.83 0.80 0.78 0.90 1.00
DO (mg/L) 8.90 9.19 9.39 9.13 9.08 9.00

Site Turbidity (NTU) 1.18 4.95 3.33 1.15 1.40 1.20
Background Turbidity (NTU) 0.78 ND 0.80 0.80 0.90 1.00
DO (mg/L) 8.74 9.20 9.32 9.10 8.94 9.02

Site Turbidity (NTU) 1.18 3.53 5.90 1.20 1.28 1.35
Background Turbidity (NTU) 0.75 0.80 0.85 0.83 0.98 1.00
DO (mg/L) 8.70 9.22 9.60 9.08 9.01 9.10

18:00

15:00

16:00

17:00

11:00

12:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-9: Week 9)

Time 26-Jan-08 28-Jan-08 29-Jan-08 30-Jan-08 31-Jan-08 1-Feb-08

Site Turbidity (NTU) 1.20 2.38 6.10 1.30 1.23 1.58
Background Turbidity (NTU) 0.68 0.80 0.78 0.80 0.90 1.08
DO (mg/L) 8.77 9.25 9.60 9.06 8.96 9.14

Site Turbidity (NTU) 1.18 2.10 4.10 1.15 1.30 1.30
Background Turbidity (NTU) 0.70 ND 0.73 0.78 0.90 1.13
DO (mg/L) 8.82 9.24 9.52 8.95 8.89 9.11

Site Turbidity (NTU) 1.18 1.63 4.03 1.15 1.18 1.23
Background Turbidity (NTU) 0.75 ND 0.70 0.80 0.88 1.13
DO (mg/L) 8.79 9.15 9.53 8.81 8.89 9.11

Site Turbidity (NTU) 1.18 1.45 3.50 1.13 1.20 1.30
Background Turbidity (NTU) 0.75 0.78 0.73 0.75 0.83 1.13
DO (mg/L) 8.76 9.06 9.42 8.89 8.92 9.02

Site Turbidity (NTU) -- -- -- 0.68 -- --
Background Turbidity (NTU) -- -- -- 0.90 -- --
DO (mg/L) -- -- -- 8.84 -- --

Turbidity exceedance at site buoy.

Weekly Manual Sample - 10:30

19:00

20:00

21:00

22:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-10: Week 10)

Time 4-Feb-08 5-Feb-08 6-Feb-08 7-Feb-08 8-Feb-08

Site Turbidity (NTU) 1.38 1.30 1.30 12.98 1.45
Background Turbidity (NTU) 0.80 0.85 1.33 1.20 1.20
DO (mg/L) 9.04 9.03 9.00 9.67 9.23

Site Turbidity (NTU) 1.38 1.28 1.25 11.73 1.53
Background Turbidity (NTU) 0.80 0.80 1.15 1.10 1.18
DO (mg/L) 9.04 9.02 9.02 9.60 9.29

Site Turbidity (NTU) 1.38 1.25 1.30 2.73 1.43
Background Turbidity (NTU) 0.88 0.80 0.95 1.20 1.15
DO (mg/L) 9.01 9.04 9.09 9.37 9.25

Site Turbidity (NTU) 1.38 1.30 1.35 2.13 2.93
Background Turbidity (NTU) 0.88 0.80 1.05 1.10 1.13
DO (mg/L) 9.04 9.09 9.13 9.37 9.41

Site Turbidity (NTU) 1.33 3.25 1.33 3.60 3.05
Background Turbidity (NTU) 0.80 0.83 1.00 0.97 1.13
DO (mg/L) 8.90 9.11 9.16 9.55 9.48

Site Turbidity (NTU) 1.30 6.45 1.33 4.75 2.35
Background Turbidity (NTU) 0.83 0.78 0.98 1.05 1.08
DO (mg/L) 9.07 9.18 9.19 9.68 9.45

Site Turbidity (NTU) 1.30 3.38 1.28 3.40 1.83
Background Turbidity (NTU) 0.78 0.80 0.93 1.10 1.10
DO (mg/L) 9.03 9.13 9.22 9.55 9.55

Site Turbidity (NTU) 1.30 4.60 5.05 4.63 1.33
Background Turbidity (NTU) 0.83 0.80 0.95 1.18 1.08
DO (mg/L) 9.16 9.19 9.14 9.73 9.23

Site Turbidity (NTU) 1.30 2.35 2.50 4.28 1.30
Background Turbidity (NTU) 0.88 0.80 0.93 1.20 1.05
DO (mg/L) 9.17 9.16 9.23 9.73 9.24

Site Turbidity (NTU) 1.30 2.08 2.98 3.68 1.23
Background Turbidity (NTU) 0.83 0.83 0.93 ND 1.08
DO (mg/L) 9.13 9.16 9.33 9.67 9.19

Site Turbidity (NTU) 1.23 3.80 4.15 3.83 1.20
Background Turbidity (NTU) 0.80 0.85 0.90 1.05 1.00
DO (mg/L) 8.95 9.29 9.36 9.81 9.02

Site Turbidity (NTU) 1.25 4.65 5.08 2.85 1.20
Background Turbidity (NTU) 0.93 0.83 0.90 1.18 0.98
DO (mg/L) 9.33 9.46 9.15 9.67 9.06

14:00

15:00

16:00

17:00

10:00

11:00

12:00

13:00

6:00

7:00

8:00

9:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-10: Week 10)

Time 4-Feb-08 5-Feb-08 6-Feb-08 7-Feb-08 8-Feb-08

Site Turbidity (NTU) 1.28 4.53 2.90 1.43 1.20
Background Turbidity (NTU) 0.85 0.87 0.85 1.13 0.98
DO (mg/L) 9.37 9.68 9.20 9.26 9.07

Site Turbidity (NTU) 1.60 3.03 1.50 1.30 1.20
Background Turbidity (NTU) 0.88 0.80 0.83 1.13 0.98
DO (mg/L) 9.33 9.38 9.19 9.14 9.08

Site Turbidity (NTU) 1.63 2.75 1.93 1.38 1.23
Background Turbidity (NTU) 0.93 0.95 0.90 1.15 0.90
DO (mg/L) 9.23 9.42 9.19 9.19 9.08

Site Turbidity (NTU) 1.45 3.28 2.00 1.33 1.25
Background Turbidity (NTU) 0.90 0.95 0.95 1.45 0.85
DO (mg/L) 9.08 9.51 9.12 9.25 9.04

Site Turbidity (NTU) 1.40 3.13 3.38 1.53 1.20
Background Turbidity (NTU) 0.95 0.93 1.08 1.35 0.93
DO (mg/L) 9.11 9.52 9.18 9.30 9.07

Site Turbidity (NTU) -- -- -- -- --
Background Turbidity (NTU) -- -- -- -- --
DO (mg/L) -- -- -- -- --

Turbidity exceedance at site buoy.

22:00

Weekly Manual Sample

18:00

19:00

20:00

21:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-11: Week 11)

Time 11-Feb-08 12-Feb-08 13-Feb-08 14-Feb-08 15-Feb-08

Site Turbidity (NTU) 2.03 1.63 5.25 -0.75 -0.63
Background Turbidity (NTU) 1.35 1.30 1.18 1.08 1.13
DO (mg/L) 8.92 8.75 8.97 8.59 8.88

Site Turbidity (NTU) 2.20 1.58 7.58 0.55 -0.73
Background Turbidity (NTU) 1.38 1.38 1.18 1.43 0.90
DO (mg/L) 8.96 8.67 9.48 9.61 8.68

Site Turbidity (NTU) 4.05 2.23 5.75 0.05 -0.75
Background Turbidity (NTU) 1.48 1.33 1.18 1.25 0.98
DO (mg/L) 9.43 9.03 9.12 9.42 8.66

Site Turbidity (NTU) 4.15 4.53 3.63 -0.23 -0.60
Background Turbidity (NTU) 3.63 1.75 1.15 1.18 0.98
DO (mg/L) 9.61 10.09 8.89 8.93 8.81

Site Turbidity (NTU) 4.10 3.73 6.13 0.45 -0.63
Background Turbidity (NTU) 3.40 2.68 1.45 1.10 0.95
DO (mg/L) 9.85 9.76 9.14 9.22 8.76

Site Turbidity (NTU) 3.40 3.13 1.18 0.90 -0.45
Background Turbidity (NTU) 2.70 2.45 1.58 1.45 1.05
DO (mg/L) 9.50 9.54 8.81 9.21 8.97

Site Turbidity (NTU) 4.05 2.90 1.08 1.50 -0.60
Background Turbidity (NTU) 2.75 3.10 2.00 1.25 1.13
DO (mg/L) 9.69 9.52 8.60 8.93 8.79

Site Turbidity (NTU) 5.88 2.98 2.60 0.50 -0.50
Background Turbidity (NTU) 2.68 2.88 1.88 1.30 1.30
DO (mg/L) 9.35 9.57 9.27 8.88 9.05

Site Turbidity (NTU) 3.88 2.70 1.03 1.13 -0.23
Background Turbidity (NTU) 2.93 2.60 2.90 1.48 1.18
DO (mg/L) 9.48 9.40 9.59 9.23 9.33

Site Turbidity (NTU) 3.58 2.73 0.55 0.28 -0.03
Background Turbidity (NTU) 2.58 2.50 2.43 1.53 1.48
DO (mg/L) 9.46 9.45 9.08 9.30 9.55

Site Turbidity (NTU) 3.08 2.60 0.85 0.88 -0.33
Background Turbidity (NTU) 2.80 2.48 2.33 2.13 1.33
DO (mg/L) 9.36 9.49 9.15 9.73 9.25

Site Turbidity (NTU) 3.15 2.55 0.60 0.53 -0.13
Background Turbidity (NTU) 2.65 2.50 1.88 1.78 1.48
DO (mg/L) 9.45 9.41 9.43 9.60 9.30
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-11: Week 11)

Time 11-Feb-08 12-Feb-08 13-Feb-08 14-Feb-08 15-Feb-08

Site Turbidity (NTU) 3.18 1.63 0.40 0.20 -0.13
Background Turbidity (NTU) 2.23 1.98 1.45 1.50 1.53
DO (mg/L) 9.61 8.80 9.20 9.22 9.22

Site Turbidity (NTU) 3.03 2.08 0.23 -0.33 0.03
Background Turbidity (NTU) 1.78 1.83 1.40 1.48 1.48
DO (mg/L) 9.45 9.09 9.11 8.83 9.21

Site Turbidity (NTU) 3.08 2.30 -0.20 -0.30 0.13
Background Turbidity (NTU) 1.63 1.78 1.18 1.45 1.48
DO (mg/L) 9.51 9.32 8.84 8.74 9.38

Site Turbidity (NTU) 3.10 2.35 0.05 -0.18 -0.35
Background Turbidity (NTU) 1.70 1.85 1.38 1.18 1.50
DO (mg/L) 9.54 9.40 9.06 8.90 9.19

Site Turbidity (NTU) 3.43 2.65 -0.05 -0.08 -0.23
Background Turbidity (NTU) 2.25 1.35 1.30 1.25 1.58
DO (mg/L) 9.70 9.54 9.08 9.11 9.33

Site Turbidity (NTU) -- -- -- -- --
Background Turbidity (NTU) -- -- -- -- --
DO (mg/L) -- -- -- -- --

Turbidity exceedance at site buoy.

22:00

Weekly Manual Sample - 

18:00

19:00

20:00

21:00
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Hourly Averaged Water Quality Monitoring Data
Denny Way CSO Nearshore Interim Sediment Cleanup Project

(Table D-12: Week 12)

Time 18-Feb-08 19-Feb-08 20-Feb-08 21-Feb-08 22-Feb-08 25-Feb-08

Site Turbidity (NTU) -0.90 -0.70 -0.73 0.80 1.03 1.18
Background Turbidity (NTU) 0.78 0.85 0.78 1.00 0.98 0.88
DO (mg/L) 8.65 9.13 8.76 9.05 9.08 9.43

Site Turbidity (NTU) -0.98 -0.65 -0.38 0.90 1.13 3.13
Background Turbidity (NTU) 0.78 0.95 0.73 0.85 0.93 0.88
DO (mg/L) 8.60 9.38 8.86 9.14 9.21 9.67

Site Turbidity (NTU) -1.05 -0.78 0.03 0.95 1.15 2.23
Background Turbidity (NTU) 1.10 1.08 0.80 0.83 0.90 0.95
DO (mg/L) 8.58 9.08 9.22 9.04 9.30 9.53

Site Turbidity (NTU) -0.95 -0.85 -0.13 0.95 1.10 3.55
Background Turbidity (NTU) 0.98 1.00 0.90 0.80 0.93 0.98
DO (mg/L) 8.76 8.99 8.87 9.09 9.32 9.22

Site Turbidity (NTU) -0.98 -0.83 0.73 0.93 1.13 4.60
Background Turbidity (NTU) 0.83 0.93 0.98 0.85 0.88 0.93
DO (mg/L) 8.88 9.08 9.00 9.12 9.21 9.66

Site Turbidity (NTU) -0.80 -0.58 1.53 0.90 1.23 4.60
Background Turbidity (NTU) 0.93 0.93 0.90 0.88 0.88 0.93
DO (mg/L) 8.99 9.43 9.22 9.03 9.79 9.71

Site Turbidity (NTU) -0.88 -0.63 1.43 0.93 1.18 2.58
Background Turbidity (NTU) 0.93 0.93 0.95 0.90 0.90 0.88
DO (mg/L) 8.98 9.14 9.31 9.07 9.79 9.60

Site Turbidity (NTU) -0.93 -0.83 1.15 1.25 1.08 2.63
Background Turbidity (NTU) 0.93 0.85 0.93 0.98 0.93 0.98
DO (mg/L) 8.86 8.87 9.43 9.11 9.58 9.65

Site Turbidity (NTU) -1.00 -0.80 1.03 2.13 1.25 ND
Background Turbidity (NTU) 0.90 0.80 0.90 0.85 0.95 ND
DO (mg/L) 8.80 8.96 9.41 9.13 9.74 ND

Site Turbidity (NTU) -0.93 0.58 1.03 2.98 1.00 ND
Background Turbidity (NTU) 0.85 0.83 0.83 0.85 0.90 ND
DO (mg/L) 8.79 8.90 9.30 9.16 9.28 ND

Site Turbidity (NTU) -- -- -- -- -- --
Background Turbidity (NTU) -- -- -- -- -- --
DO (mg/L) -- -- -- -- -- --

Turbidity exceedance at site buoy.

16:00

17:00

Weekly Manual Sample - 
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1.0  Introduction 
 
This water quality monitoring plan presents project information and sampling and analytical 
methodologies that will be employed to perform water quality monitoring during construction 
activities associated with the Denny Way CSO Nearshore Interim Sediment Cleanup project.  
This work is being performed as part of an interim action to remediate contaminated sediments 
present in two nearshore areas in the immediate vicinity of the former Denny Way combined 
sewer overflow (CSO) outfall.  The monitoring plan includes a description of the project, 
sampling and analytical methodologies, and quality control procedures.   
 

 
2.0  Project Description 

 
The Denny Way CSO was constructed in the 1960s when the Municipality of Metropolitan 
Seattle (Metro; now King County) built the present system of interceptors and treatment plants 
that collect, transport, and treat wastewater in the greater Seattle area.  The CSO site is located 
along the northeastern shoreline of Elliott Bay and is adjacent to Myrtle Edwards Park at the foot 
of Denny Way in Seattle, Washington (Figure 1).  The Denny Way CSO regulator station is 
located at 3165 Alaskan Way.  Until 2004, the discharge point of the Denny Way CSO was at the 
shoreline.  This outfall was exposed during normal low tide and frequently discharged directly 
across exposed intertidal sediment. 
 
In 1986, Metro began a trial program to identify and reduce toxicant inputs to the sewer system 
discharging through the Denny Way CSO.  In 1990, King County and the U.S. Army Corps of 
Engineers (Corps) sponsored the Denny Way CSO capping project to test the feasibility of 
capping contaminated sediments in Elliott Bay with clean dredged material from the Duwamish 
Waterway.  A 3-foot layer of clean sand, dredged from the upper Duwamish Waterway during 
routine maintenance, was placed over a 3-acre area in water depths ranging from approximately -
25 feet to -60 feet mean lower low water (MLLW). 
 
King County has monitored the effectiveness of the cap at containing contaminated sediment for 
the past 17 years.  Results show that the cap is stable, is not eroding, and has successfully 
isolated the underlying contaminated sediments (King County 2005).  However, chemical 
concentrations on the cap surface layer (offshore of the Denny Way CSO) increased after cap 
construction, suggesting possible recontamination from the continued CSO discharges from 
Denny Way, or potential redistribution of remaining contaminated sediments from the intertidal 
area and the inshore edge of the cap. 
 
In 1997, King County characterized the nature and extent of surface and subsurface sediment 
contamination in the outfall area, as well as areas inshore and offshore of the existing 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.  These areas 
will continue to be evaluated by the Washington State Department of Ecology (Ecology) and 
King County to determine if a more active cleanup remedy is required. 
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In 1997, sediments sampled within inshore areas of the site contained concentrations of 
cadmium, copper, lead, mercury, silver, polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), bis(2-ethylhexyl)phthalate, and butyl benzyl phthalate that 
exceeded sediment quality standard (SQS) chemical criteria.  Contaminant concentrations above 
SQS chemical criteria were present to a depth of approximately 10 feet below the existing 
mudline.  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, including the offshore cap, an 
interim sediment cleanup action plan for the site was developed by King County and Ecology in 
2007, including dredging as practicable to remove impacted sediments, and backfilling to restore 
the grade to close to pre-project conditions. 
 
The Denny Way CSO interim action will remediate contaminated sediment present in the two 
nearshore areas in the immediate vicinity of the former Denny Way CSO outfall.  A combination 
of dredging, backfilling, and armoring will be employed to remediate the nearshore areas. 
  
Approximately 20,000 cubic yards (cy) of contaminated sediments will be dredged from 
approximately +10 feet MLLW to approximately -35 feet MLLW within the 1.2-acre interim 
action area.  The material within the dredge footprint will be mechanically dredged using a 
clamshell bucket deployed from a derrick barge.  Dredging will remove up to 10 feet of sediment 
(including a 1-foot overdredge allowance) to ensure the contaminated material is removed to the 
extent possible. 
 
A sloping dredge cut approximately 10 feet thick will be needed to reach the vertical limit of the 
dredge prism to remove the maximum practicable volume.  Deeper dredging would require 
removal of large areas of the existing upland shoreline, which is not considered practicable 
without adverse impact on the Myrtle Edwards Park shoreline.  The southern boundary of the 
project is constrained by the presence of the existing outfall structures (and armoring) and the 
dredge prism will be offset to avoid impacting these features.  Therefore, some material may 
necessarily be left behind at depth after dredging because deeper dredge cuts would destabilize 
shoreline banks. 
 
Dredged material will initially be placed on a barge stationed adjacent to the derrick.  The 
sediments placed on the barge will be passively dewatered; the dewatering area on the barge will 
be contained in a filtration system, such as straw bales and geotextile material.  Conservation 
measures will be in place to ensure water quality standards are met and that no material falls 
back into the water during transport. 
 
The dredged material will be transported to the upland staging and rehandling area at the 
Duwamish Marine Center located on the east side of the Duwamish River at the base of the First 
Avenue South Bridge.  The material will be fully contained within the barges during 
transportation to the upland facility. 
 
At the upland staging area, the sediments will be transferred from the barge deck to a lined 
container positioned on the barge.  To prevent dredged material from falling back into the water, 
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a solid barrier “spill plate” will be placed between the upland facility and the material barge 
during all offloading activities.  The containers of dredged material positioned on the barge will 
be loaded by crane directly onto trucks and/or rail cars for shipment to an approved (Resource 
Conservation and Recovery Act [RCRA] Subtitle D) upland disposal site. 
 
Prior to commencement of construction activities, sediment grab samples will be collected by 
King County adjacent and beyond the dredge boundary (Figure 2) to document baseline pre-
dredge sediment quality conditions near the project area.  Immediately following the completion 
of dredging operations as approved by the King County Project Representative, piston-core 
samples will be collected by King County from within the dredged areas to document post-
dredge sediment quality conditions in the project area.  Sediment backfill operations will 
commence immediately after collection of the post-dredge co-located surface and subsurface 
samples, given the protective design of the backfill layer.  Working with Ecology, King County 
will also perform post-backfill sediment quality sampling adjacent to the interim action area.  
Contingency cover placement will be determined based on post-backfilling monitoring results, 
and areas that do not meet SQS chemical criteria will be covered with a minimum 6-inch layer of 
clean sand.  The selected areas to be covered will be determined by Ecology in consultation with 
King County. 
 
The dredged area will be backfilled and armored with an average thickness of more than 10 feet 
of material.  Approximately 16,000 cy of well-graded clean sand will be armored with 
approximately 4,000 cy of sandy-gravel habitat mix. 
 
In-water construction is expected to take approximately 3 to 4 months to complete.  The work 
sequence is currently anticipated as follows: 
 
• Mobilization/dredging: November 15 to December 31, 2007 
• Backfilling: January 8 to February 8, 2008 
• Post-construction monitoring: February 13 to February 15, 2008 
 

3.0  Water Quality Monitoring 
 
King County will perform water quality monitoring during the capping operations to verify that 
turbidity and DO are maintained within applicable water quality standards listed in WAC 173-
201A.  Section 401 of the Clean Water Act (CWA) requires that in-water operations shall not 
violate applicable effluent or water quality standards. This determination allows for the 
designation of mixing zones within which standards may be exceeded, but beyond which 
applicable standards must be met.  Applicable water quality standards are listed in WAC 173-
201A.  These standards are consistent with the following related requirements: 
 

• Section 304 of the CWA (33 U.S.C. §1314), which requires EPA to publish Water Quality 
Criteria for the protection of human health and aquatic life; and 

• Sections 301, 302, and 303 of the CWA (33 U.S.C. §1311, 1312, and 1313), and 40 CFR 
Part 131, which require states to develop Water Quality Standards.  Washington Water 
Quality Standards are promulgated under the Washington Water Pollution Control Act 
(Chapter 90.48 Revised Code of Washington [RCW]; Chapter 173-201A WAC). 
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Consistent with other regional dredging and backfill projects, the applicable water quality 
parameters for this interim action are turbidity and dissolved oxygen (DO).  Washington State 
surface water quality standards for parameters such as turbidity and DO have been established to 
protect sensitive habitat, other characteristic uses of the water body, and to provide for ecosystem 
and human health protection (Chapter 173-201A-030).  The applicable dissolved oxygen 
standard for Elliott Bay from WAC 173-201A-210(1)(d)(i) is: 
   

Excellent quality . . .  6.0 mg/L 
 

. . . When a water body’s D.O. is lower than the criteria in Table 210 (1)(d) (or 
with 0.2 mg/L of the criteria (and that condition is due to natural conditions, then human 
actions considered cumulatively may not cause the D.O. of that water body to decrease 
more than 0.2 mg/L. 

 
The applicable turbidity standard for Elliott Bay (excellent quality) from WAC 173-201A-
210(1)(3) is: 

 
“Turbidity shall not exceed 5 NTU over background turbidity when the background 
turbidity is 50 NTU or less, or have more than a 10 percent increase in turbidity when the 
background turbidity is more than 50 NTU.” 
 

During the months of November through February when construction is anticipated, background 
turbidity in the vicinity of the Site is typically less than 50 NTU.  Thus, the turbidity standard for 
this action will normally be defined as a 5 NTU turbidity increase.  As set forth in Chapter 173-
201A-210: 

 
“The turbidity criteria established under WAC 173-201A-210 (1)(e) shall be modified, 
without specific written authorization from the department, to allow a temporary area of 
mixing during and immediately after necessary in-water construction activities that result 
in the disturbance of in-place sediments. This temporary area of mixing is subject to the 
constraints of WAC 173-201A-400 (4) and (6) and can occur only after the activity has 
received all other necessary local and state permits and approvals, and after the 
implementation of appropriate best management practices to avoid or minimize 
disturbance of in-place sediments and exceedances of the turbidity criteria.”” 
 

During construction, turbidity and DO standards must be met at a point 300 feet from the 
location of dredging or backfill material release into Elliott Bay.  Other similar dredging and 
backfill projects performed in the Puget Sound area have successfully achieved this turbidity 
standard.  King County will perform water quality monitoring during the dredging and 
backfilling operations to verify that turbidity and DO are maintained within applicable water 
quality standards listed in WAC 173-201A.  A water quality sampling plan will be developed as 
part of remedial design.   
 
Previous studies have shown that the net current flow in the vicinity of the Site is in a 
northwesterly direction, following the Seattle waterfront shoreline (Ebbesmeyer et.al., 1998).  
Surface water in this part of Elliott Bay is influenced by discharges from the Duwamish River, 
which follow the prevailing currents along the waterfront shoreline.   
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3.1  Water Quality Monitoring at the Construction Site 
Water quality monitoring will be done by one of two methods.  The preferred method is high-
frequency in situ monitoring through the use of a deployed monitoring buoy.  The alternative 
method is manual collection of water samples once daily in the afternoon during active dredging.  
Both methods are described below.  Whichever method is used, water samples will be collected 
from two depths, one depth at one meter below the surface and the other approximately one 
meter above the bottom, the depth of which will be tide-dependent. 

3.1.1  High-Frequency In Situ Data Collection 
King County will monitor water quality proximal to the construction site through the use of a 
monitoring buoy deployed approximately 300 feet northwest of the Site, down-current of 
construction activities, in approximately 35 feet of water (referenced to MLLW).  The 
monitoring buoy will include a real-time data acquisition system (DAS) consisting of a multi-
parameter data sonde and telemetry system that will allow for data collection, storage, and 
review via the internet.  Data collection will occur every 15 minutes with hourly data transferal 
via the DAS to an Econet web interface.  Figure 1 shows the location of the water quality 
monitoring buoy in relation to the Site and construction area. 
 
The instrument that will be used for water quality monitoring on this project is the YSI 6600EDS 
multi-parameter sonde.  A YSI 6600EDS (Extended Deployment System) sonde consists of a 
cylindrical pressure-resistant body with a cable connection on one end and temperature, 
conductivity, pressure (depth), dissolved oxygen, and turbidity probes on the opposite end.  An 
anti-fouling wiping system will be used to prolong the calibration life and a “Rapid PulseTM” 
dissolved oxygen sensor removes the need for a stirring mechanism.  The sonde will be deployed 
at a depth of one meter below the surface, and the depth will remain constant with tidal 
fluctuations. 
 
Specifications for the YSI 6163 Turbidity Probe are: 
 

• Range of 0 to 1,000 nephelopmetric turbidity units (NTU). 
• Resolution of 0.1 NTU. 
• Accuracy of +2% or 0.3 NTU. 

 
These specifications are sufficient to detect turbidity changes of 5 NTU over background, as 
specified in WAC 173-201A. 
 
Specifications for the YSI6150 ROX Optical Oxygen Sensor are: 
 

• Range of 0 to 500% air-saturation (0 to 50 mg/L DO). 
• Resolution of 0.1% air-saturation (0.01 mg/L DO). 
• Accuracy of +1% air-saturation from 0 to 200% ( 0 to 20 mg/L DO). 

 
These specifications are sufficient to detect changes of 0.2 mg/L dissolved oxygen, as specified 
in WAC 173-201A, should dissolved oxygen concentrations drop below 6.0 mg/L. 
 
The 6600 EDS sonde will be cabled to a YSI 6200 Remote DAS.  This is a datalogger and 
telemetry unit that manages sensor sampling, data buffering, and cellular telemetry to a base 
station.  The 6200 DAS consists of a power control module, a Campbell Scientific datalogger, 
three 12-volt batteries, a cellular telemetry unit, a single solar panel and a marine data cable. 
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The YSI Econet is a turn-key web-based data storage system that is fully customizable and 
readily accessible using any web interface.  The data are transmitted to a secure server and 
posted directly to a customizable web site.  The data can be continuously released to the public.  
The data can be downloaded a number of ways including automatic or customizable graphs, 
HTML or CSV formats. 
 

 
 
The near-real time remote data acquisition system will allow project personnel to monitor water 
quality constantly during construction activities, and detect almost immediately if construction 
activities should have an impact on turbidity or dissolved oxygen concentrations. 
 
3.1.2  Manual Sample Collection 
In the event that the in situ system is not operational at any time during the project, water 
samples will be collected manually from a location approximately 300 feet northwest of the Site, 
down-current of construction activities, in approximately 35 feet of water (referenced to 
MLLW).   Samples will be collected once daily from a depth of one meter below the surface in 
and one meter above the bottom during the daylight ebb tide.  Samples will be collected by staff 
of the King County Environmental Laboratory using Niskin- or Van Dorn-style sampling bottles 
deployed from a boat.  These samples will be submitted for laboratory analysis of dissolved 
oxygen and turbidity.   
 
3.2  Reference Station at the Seattle Aquarium 
Background water quality information for Elliott Bay will be continuously collected with a 
second water quality monitoring station that King County will be installed at the Seattle 
Aquarium in October 2007.  This station consists of two sondes:  one placed one meter below the 
surface and another at 10 meters below the surface.  Figure 2 shows the relative location of the 
Denny Way and Seattle Aquarium monitoring stations.  Use of the Seattle Aquarium station data 
will allow project staff to compare real-time data between the site and background Elliott Bay 
conditions. 
 

 6



 

3.3  Quality Control 
During the week prior to the start of construction, throughout the first week of construction, and 
at any time when the in situ monitoring system is not operational, King County will collect daily 
water samples for laboratory analysis of both turbidity and dissolved oxygen.  Manual water 
sample collection and analysis will serve as a calibration check for the in situ monitoring systems 
and as an alternative data-collection method in the event that the in situ system is not 
functioning. 
 
A two-day transect will be performed during the week prior to the start of construction.  This 
five-station transect, shown in Figure 3, will be performed to provide the following information: 
 

• that the Seattle Aquarium permanent water quality monitoring station installation will be an 
effective background reference site for the water quality monitoring station at the Denny 
Way construction site; and 

• calibration comparisons between data generated by the YSI sonde and laboratory analysis of 
dissolved oxygen and turbidity. 

 
Water samples will be collected from a depth of one meter below the surface at each of the five 
stations shown in Figure 3 for laboratory analysis of dissolved oxygen and turbidity.  Synoptic in 
situ data for these two parameters will be collected with a YSI data sonde equivalent to the sonde 
deployed in the buoy at the Denny Way construction site.  These samples will be collected for 
two days prior to the start of construction activities. 
 
It is anticipated that the in situ monitoring sensors will perform according to manufacturer’s 
specifications.  As such, the field QC samples will be reduced to weekly collection, as a 
calibration check, following the first week of construction for the remainder of the monitoring 
period or until instrument performance indicates the need for increased frequency of field QC 
checks.   
 
Turbidity laboratory analysis will be performed according to Standard Method SM2130-B 
(APHA, 1998), which is a nephelometric determination.  Laboratory quality control for this 
method includes the analysis of laboratory duplicates and laboratory control samples. 
 
Dissolved oxygen laboratory analysis will be performed according to Standard Method SM4500-
O-C (APHA, 1998), which is a Winkler titration.  Laboratory quality control for this method 
includes the analysis of triplicate samples. 
 
3.4  Data Reporting 
In situ water quality data will be available in near-real time through the project website, located 
at http://www.ysieconet.com/public/WebUI/Default.aspx?hidCustomerID=165.  Weekly water 
quality data reports will be prepared and submitted to Ecology.  The weekly water quality reports 
will include a summary of the continuous in situ data, along with results of quality control 
sample analysis for turbidity and dissolved oxygen and how the quality control results impact the 
in situ data. 
 
These water quality reports will also record any excursions beyond the water quality criteria 
mandated for the Denny Way project.  Chapter 173-201A WQC, however, does not provide clear 
guidance on what constitutes an exceedence of the water quality standard for turbidity.  King 
County, in lieu of specific regulatory guidance has used the following assumptions to propose 
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the following guidance for project staff on determining when an exceedence of the turbidity 
water quality standard has occurred.   
 
Table 240(3) in the WAC (Toxics Substances Criteria) provides two pairs, or levels, of 
exceedences: 
  
"An instantaneous concentration not to be exceeded at any time."  ACUTE 
"A 24-hour average not to be exceeded."  CHRONIC 
  
These first two are the more-stringent of the two pairs of acute/chronic criteria and appear to be 
reserved only for chlorinated pesticide compounds.  The second pair of criteria apply to the rest 
of the toxic substances including metals, PCBs, other organics and conventionals such as 
ammonia and cyanide. 
  
"A 1-hour average concentration not to be exceeded more than once every three years on the 
average."  ACUTE 
"A 4-day average concentration not to be exceeded more than once every three years on the 
average."  CHRONIC 
  
King County felt a conservative approach would be to adopt the second acute criterion as the 
trigger point to constitute an exceedence and thus have the project staff closely observe the 
dredging activities at that time, as well as any other factors that might be occurring (e.g. heavy 
rainfall, CSO discharge). 
  
Therefore, an exceedence would be recorded if the average turbidity at the Denny Way buoy, 
measured over a one-hour time period, was more than 5 NTU higher than the average turbidity, 
measured over the same one-hour period, at the Seattle Aquarium monitoring station. 
 
King County field engineers will use the EcoNet system to help them manage dredging, by 
helping to determine when dredging activities might be impacting water quality, especially 
turbidity.  Consistent monitoring of the EcoNet website will be performed to determine if 
turbidity readings are approaching a 5-NTU threshold.  As an additional monitoring tool, the 
website has been configured to send an automatic “alert,” in the form of an email to project staff 
when the 5-NTU threshold has been exceeded.  An exceedence of the turbidity water quality 
standard would be recorded if the average turbidity at the Denny Way buoy, measured over a 
one-hour time period, was more than 5 NTU higher than the average turbidity, measured over the 
same one-hour period, at the Seattle Aquarium monitoring station.  King County project staff 
will follow the procedure outlined below to monitor turbidity at the Denny Way site. 
 

   
 
At least once an hour, check the turbidity reading at the Denny Way construction site by 
accessing the real-time EcoNet web page, located at: 
 
http://www.ysieconet.com/public/WebUI/Default.aspx?hidCustomerID=165 
 
From the home page, click on the upper-most green dot, which will connect with the real-time 
data from the Denny Way construction site monitoring buoy.  If it appears that the turbidity is 
elevated above 5 NTU on the graph, proceed with the following steps (an “alert” e-mail will also 
be sent when this situation occurs): 
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1. Click the “Reports” tab. 
2. In the “User Defined Time Period” box, click the “Denny Way User Defined” option. 
3. Click both of the calendar buttons to input the current date into both the “start date” and “end 

date” windows. 
4. Click the “Submit” button. 
5. From the “Downtown Denny Way Buoy 0001691C Turbidity+ [NTU]” column, take the four 

most-recent readings and calculate the average of these four numbers.  This will represent the 
hourly-averaged turbidity at the Denny Way construction site. 

6. Repeat these 5 steps using the “Aquarium User Defined” option in Step 2.  Use the readings 
from the “Downtown Seattle Aquarium 000167E8 Top Turbidity+ [NTU]” column when 
repeating Step 5. 

7. Subtract the hourly-averaged turbidity at the Aquarium from the hourly-averaged turbidity at 
Denny Way.  If this number is greater than 5, an exceedence of the turbidity water quality 
standard has occurred. 
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1.0 Introduction 
 
This sampling and analysis plan presents project information and sampling and analytical 
methodologies that will be employed to perform sediment quality monitoring prior to the 
commencement of construction activities, as well as monitoring immediately following 
the completion of dredging and backfilling activities associated with the Denny Way 
combined sewer overflow (CSO) Nearshore Interim Sediment Cleanup Project.  This 
work is being performed as part of an interim action to remediate contaminated sediments 
present in the nearshore area located in the immediate vicinity of the former Denny Way 
CSO outfall.  This plan includes a description of the project, sampling and analytical 
methodologies, and quality control procedures.   
 
2.0 Project Description 
 
The Denny Way CSO was constructed in the 1960s when the Municipality of 
Metropolitan Seattle (Metro; now King County) built the present system of interceptors 
and treatment plants that collect, transport, and treat wastewater in the greater Seattle 
area.  The CSO site is located along the northeastern shoreline of Elliott Bay and is 
adjacent to Myrtle Edwards Park at the foot of Denny Way in Seattle, Washington 
(Figure 1).  The Denny Way CSO regulator station is located at 3165 Alaskan Way.  
Until 2004, the discharge point of the Denny Way CSO was at the shoreline.  This outfall 
was exposed during normal low tide and frequently discharged directly across exposed 
intertidal sediment. 
 
In 1986, Metro began a trial program to identify and reduce toxicant inputs to the sewer 
system discharging through the Denny Way CSO.  In 1990, King County and the U.S. 
Army Corps of Engineers (Corps) sponsored the Denny Way CSO capping project to test 
the feasibility of capping contaminated sediments in Elliott Bay with clean dredged 
material from the Duwamish Waterway.  A 3-foot layer of clean sand, dredged from the 
upper Duwamish Waterway during routine maintenance, was placed over a 3-acre area in 
water depths ranging from approximately -25 feet to -60 feet mean lower low water 
(MLLW). 
 
King County has monitored the effectiveness of the cap at containing contaminated 
sediment for the past 17 years.  Results show that the cap is stable, is not eroding, and has 
successfully isolated the underlying contaminated sediments (King County 2005).  
However, chemical concentrations on the cap surface layer (offshore of the Denny Way 
CSO) increased after cap construction, suggesting possible recontamination from the 
continued CSO discharges from Denny Way, or potential redistribution of remaining 
contaminated sediments from the intertidal area and the inshore edge of the cap. 
 
In 1997, King County characterized the nature and extent of surface and subsurface 
sediment contamination in the outfall area, as well as areas inshore and offshore of the 
existing 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 
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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.  These areas will continue to be evaluated by the 
Washington State Department of Ecology (Ecology) and King County to determine if a 
more active cleanup remedy is required. 
 
In 1997, sediments sampled within inshore areas of the site contained concentrations of 
cadmium, copper, lead, mercury, silver, polycyclic aromatic hydrocarbons (PAHs), 
polychlorinated biphenyls (PCBs), bis(2-ethylhexyl)phthalate, and butyl benzyl phthalate 
that exceeded sediment quality standard (SQS) chemical criteria.  Contaminant 
concentrations above SQS chemical criteria were present to a depth of approximately 10 
feet below the existing mudline.  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, including the offshore cap, an interim sediment cleanup action plan for the site was 
developed by King County and Ecology in 2007, including dredging as practicable to 
remove impacted sediments, and backfilling to restore the grade to close to pre-project 
conditions. 
 
The Denny Way CSO interim action will remediate contaminated sediment present in the 
two nearshore areas in the immediate vicinity of the former Denny Way CSO outfall.  A 
combination of dredging, backfilling, and armoring will be employed to remediate the 
nearshore areas. 
  
Approximately 20,000 cubic yards (cy) of contaminated sediments will be dredged from 
approximately +10 feet MLLW to approximately -35 feet MLLW within the 1.2-acre 
interim action area.  The material within the dredge footprint will be mechanically 
dredged using a clamshell bucket deployed from a derrick barge.  Dredging will remove 
up to 10 feet of sediment (including a 1-foot overdredge allowance) to ensure the 
contaminated material is removed to the extent possible. 

 
A sloping dredge cut approximately 10 feet thick will be needed to reach the vertical 
limit of the dredge prism to remove the maximum practicable volume.  Deeper dredging 
would require removal of large areas of the existing upland shoreline, which is not 
considered practicable without adverse impact on the Myrtle Edwards Park shoreline.  
The southern boundary of the project is constrained by the presence of the existing outfall 
structures (and armoring) and the dredge prism will be offset to avoid impacting these 
features.  Therefore, some material may necessarily be left behind at depth after dredging 
because deeper dredge cuts would destabilize shoreline banks. 

 
Dredged material will initially be placed on a barge stationed adjacent to the derrick.  The 
sediments placed on the barge will be passively dewatered; the dewatering area on the 
barge will be contained in a filtration system, such as straw bales and geotextile material.  
Conservation measures will be in place to ensure water quality standards are met and that 
no material falls back into the water during transport. 
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The dredged material will be transported to the upland staging and rehandling area at the 
Duwamish Marine Center located on the east side of the Duwamish River at the base of 
the First Avenue South Bridge.  The material will be fully contained within the barges 
during transportation to the upland facility. 

 
At the upland staging area, the sediments will be transferred from the barge deck to a 
lined container positioned on the barge.  To prevent dredged material from falling back 
into the water, a solid barrier “spill plate” will be placed between the upland facility and 
the material barge during all offloading activities.  The containers of dredged material 
positioned on the barge will be loaded by crane directly onto trucks and/or rail cars for 
shipment to an approved (Resource Conservation and Recovery Act [RCRA] Subtitle D) 
upland disposal site. 

 
Prior to commencement of construction activities, sediment grab samples will be 
collected adjacent to and beyond the dredge boundary (Figure 2) to document baseline 
pre-dredge sediment quality conditions near the project area.  Immediately following the 
completion of dredging operations as approved by the King County Project 
Representative, sediment grab samples will be collected from within the dredged areas to 
document post-dredge sediment quality conditions in the project area.  Sediment backfill 
operations will commence immediately after collection of the post-dredge surface 
samples, given the protective design of the backfill layer.  At the same time, sand cover 
may also be placed over areas immediately adjacent to the dredge prism.  Working with 
Ecology, King County will also perform post-backfill sediment quality sampling adjacent 
to the interim action area.   
 
The dredged area will be backfilled and armored with an average thickness of more than 
10 feet of material.  Approximately 16,000 cy of well-graded clean sand will be armored 
with approximately 4,000 cy of sandy-gravel habitat mix. 

 
In-water construction is expected to take approximately 3 to 4 months to complete.  The 
work sequence is currently anticipated as follows: 

 
• Mobilization/dredging: November 15 to December 31, 2007 
• Backfilling: January 8 to February 8, 2008 
• Post-construction monitoring: February 13 to February 15, 2008 
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2.1 Project Objectives 
 

The goal of the monitoring plan is to assess the sediment quality before and after the 
dredging and backfilling activities at the site to document the effectiveness of the 
dredging action and the potential spread of dredge residuals outside the dredge boundary.  
Sediment quality will be characterized at and immediately below the newly dredged 
surface within the dredge boundary to document the in-situ sediment quality prior to 
placement of backfill materials.  Sampling objectives can be summarized as follows: 
 
OBJECTIVE 1: Establish pre-dredge baseline sediment quality conditions at sampling 
locations positioned adjacent to and beyond the dredge boundary for comparison to post-
backfill sampling and analysis data. 
 
OBJECTIVE 2: Characterize post-dredge surface sediment quality conditions after 
dredging activities are completed and before backfilling operations are initiated. 
 
OBJECTIVE 3: Characterize post-backfill surface sediment quality conditions after 
project completion at sampling locations adjacent to and beyond the dredge boundary to 
compare to the pre-dredge baseline sediment quality results. 
 
Sediment sampling activities and locations are summarized in Table 1 and Figure 2, 
respectively. 
 

Table 1.  Sediment Monitoring Activities 
Activity Frequency 
Pre-dredge baseline surface sediment chemistry 
beyond site boundary 

7 stations once 

Post-dredge surface sediment chemistry within dredge 
boundary 

5 stations once 

Post-backfill surface sediment chemistry beyond 
dredge boundary 

7 stations once 

 
3.0 Study Objectives 
 

3.1 Surficial Sediment Quality Adjacent to Dredging Boundary 
 

The sampling strategy developed to address Objectives 1 and 3 is to collect sediment 
samples at stations surrounding the perimeter of the dredge boundary.  The selected 
sampling locations are arranged such that it can be determined whether chemical levels 
beyond the site boundary increased due to sediment cleanup actions. 
 
To document baseline conditions before cleanup, a total of eight samples (one individual 
sample from seven stations plus a replicate from one station) will be collected for 
chemical analysis for total solids, total organic carbon (TOC), grain size, metals, semi-
volatile organic compounds (SVOCs), and total PCBs.  To document conditions after 
cleanup, another eight samples (one individual sample from seven stations plus a 
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replicate from one station) will be collected for chemical analysis for total solids, TOC, 
grain size, metals, SVOCs, and total PCBs.  All data will be evaluated by comparing the 
before and after values at each station to identify differences that indicate sediments 
moved off site. 
 
Stations DW-03, DW-13, DW-33, and J are located approximately 50 to 150 feet beyond 
the dredge boundary, and stations DW-01, DW-19, and DW-34 are located 300 to 400 
feet beyond the dredge boundary.  The surface grab sampling locations are shown in 
Figure 2. 
 

3.2 Near-Surface Sediment Quality within Post-Dredge Footprint 
 
To achieve Objective 2, sediment grabs will be collected within the dredge boundary 
(Figure 2) at locations where the backfill material thickness is anticipated to be less than 
3 feet.  The five proposed grab locations (DWPD-01, DWPD-02, DWPD-03, DWPD-04, 
and DWPD-05) are located around the perimeter of the dredge boundary.  Additional 
grab or optional core samples may be collected based on field observations. 
 
To document post-dredge conditions, a total of two samples (two of the five grab samples 
will be analyzed) will be submitted to the laboratory for chemical analysis for total solids, 
TOC, grain size, metals, SVOCs, and total PCBs. 
 
4.0 Project Team and Responsibilities 
 
Project team members and their responsibilities are summarized in Table 2.  All team 
members are staff of the King County Department of Natural Resources and Parks, either 
within the Water and Land Resources Division or Wastewater Treatment Division. 
 

Table 2.  Project Team Members and Responsibilities 
Name/Telephone Title Affiliation Responsibility 

Bill Wilbert 
(206) 296-7806 Project Manager Wastewater 

Treatment Division 

Manager for Denny Way CSO 
Nearshore Interim Sediment Cleanup 
Project 

John Blaine 
(206) 684-2384 Field Coordinator Environmental 

Laboratory 

Coordination of field activities for 
sediment chemistry and toxicity 
testing sampling and field oversight 
of contract and consulting personnel 

Scott Mickelson 
(206) 296-8247 

Senior Water Quality 
Planner 

Marine and Sediment 
Assessment Group 

Program Manager 
Sediment cleanup advisor  

Colin Elliott 
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5.0 Schedule 
 
Sampling of the sediment outside the perimeter of the cleanup areas will be performed 
prior to dredging operations, and are currently targeted for the first two weeks in 
November 2007.  Immediately following King County’s approval of dredging operations, 
sediment samples will be collected at the locations located within the dredge boundary.  
The post-backfill perimeter sediment collection event will be completed within 3 months 
after King County’s approval of the backfilling operations. 
 
6.0 Sample Design 
 

6.1 Data Quality Indicators 
 

The following data quality indicators have been established to meet the needs of this 
project. 
 

6.1.1 Precision, Accuracy, and Bias of Field and Laboratory Measurements 
 

Precision is the agreement of a set of results among themselves and is a measure of the 
ability to reproduce a result.  Accuracy is an estimate of the difference between the true 
value and the determined mean value.  The accuracy of a result is affected by both 
systematic and random errors.  Bias is a measure of the difference, due to a systematic 
factor, between an analytical result and the true value of an analyte.  Precision, accuracy, 
and bias for analytical chemistry may be measured by one or more of the following 
quality control (QC) procedures: 
 
• Analysis of various laboratory QC samples such as method blanks, matrix spikes, 

certified reference materials, and laboratory duplicates (laboratory QC results will be 
evaluated against the control limits presented in Section 10). 

• Collection and analysis of replicate field samples for laboratory and field 
measurement (replicate results should exhibit a relative percent difference less than 
50 percent in order for the evaluation of the spatial and temporal chemical 
concentrations to be meaningful) 

 
6.1.2 Representativeness 
 

Representativeness expresses the degree to which sample data accurately and precisely 
represent a characteristic of a population, parameter variations at the sampling point, or 
an environmental condition.  Samples are to be collected to minimize potential 
contamination and other types of degradation in the chemical and physical composition 
of the water.  Laboratory representativeness is achieved by proper preservation and 
storage of samples along with appropriate subsampling and preparation for analysis.  
Data that is not representative as defined above should not be used. 
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6.1.3 Completeness 
 

Completeness is defined as the total number of samples analyzed for which acceptable 
and representative analytical data are generated, compared to the total number of samples 
to be analyzed.  The goal for completeness is 100 percent.  The samples from each event 
should produce greater than 90 percent acceptable chemical data under the QC conditions 
in Section 11. 
 

6.1.4 Comparability 
 

Comparability is a qualitative parameter expressing the confidence with which one data 
set can be compared with another.  This goal is achieved through using standard 
techniques to collect and analyze representative samples, along with standardized data 
validation and reporting procedures.  Changes or updates to analytical methods and 
sampling techniques midway into the project must be validated and shown to be 
equivalent to existing methods before being implemented. 
 
7.0 Sample Collection Procedures 
 
Standard bottom sampling methods (e.g., surface grab sampling) will be used to sample 
stations with soft sediments.  After backfilling operations are completed, most of the site 
surface within the dredge boundary will be covered with habitat mix (sandy gravel), 
which may require use of different sampling equipment and procedures to obtain a 
sufficient amount of fine sediment to submit for chemical analysis. 
 

7.1 Summary 
 

All sediment sampling will be performed according to Puget Sound Estuary Program 
(PSEP) guidance (PSEP 1997a, 1997b, 1997c, 1998).  Marine sediment samples from 
stations with soft sediment will be collected using a single van Veen grab or using 
multiple casts of two 0.1 square meter modified, stainless steel van Veen grab samplers 
deployed in tandem via hydrowire and hydraulic winch from the sampling vessel.  
Chemistry samples will be collected from the top 10 cm of sediment from each successful 
deployment (see Section 7.4).  Only fine materials would be used for chemical analysis 
and requires that larger gravel and rock be removed from the sample using a clean, 
stainless steel sampling spoon.  Sediment samples will be stored on ice in coolers while 
in the field, and then transported to the laboratory at the end of each sampling day. 
 

7.2 Station Positioning 
 

Station positioning will employ a Trimble® Differential Global Positioning System 
(DGPS).  Prior to the sampling event, the prescribed station coordinates will be entered 
into the shipboard DGPS laptop computer.  During the sampling event, the shipboard 
navigational system will utilize the differential data transmissions from regional Coast 
Guard base stations to automatically correct its GPS satellite data.  The GPS antenna is 
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boom-mounted above the sampler descent line to achieve a more accurate coordinate fix 
above the sampling point. 
 
Upon contact of the grab sampler with the bottom, the coordinate data representing the 
actual sediment grab impact point will be electronically recorded in real time.  
Positioning information will include local time and date that a position is recorded, 
comments, and coordinate data in both latitude/longitude and NAD 83 State Plane 
formats. 
 
Previous DGPS usage indicates that an average precision of ± 2 meters can usually be 
expected.  Sample collection is expected to take place within a 3-meter radius of each 
station’s prescribed position and samples will not be collected if the grab deployment is 
outside of this limit.  If conditions such as a steep slope or rocky substrate preclude 
sample collection at a particular station, the station may be relocated after consultation 
with the study coordinator and if relocation will not compromise the project goals.  Any 
station relocation will be well documented. 
 

7.3 Sampler Deployment and Retrieval 
 
7.3.1 Surface Sediment Sampling 

 
Depending on field conditions and sampling crews, either one or two 0.1 square meter 
modified (deployed in tandem), stainless steel van Veen grab samplers will be deployed 
at each sampling station that has soft sediments.  When sampling soft sediments, the van 
Veen grab samplers will be lowered at a controlled speed of approximately four feet per 
second until they are near the bottom, at which time the speed will be decreased to 
approximately 1 foot per second to minimize potential bow wake activity and subsequent 
bottom disturbance. 
 
After the grabs have tripped upon reaching the bottom, they will be raised slowly to allow 
gentle and complete closure of the sampler jaws to avoid sample disturbance and loss.  
Once clear of the bottom, the ascent speed will be increased to approximately 4 feet per 
second.  Care will be taken to ensure that minimal sample disturbance occurs when 
swinging the grabs on board.  Collection of undisturbed sediment requires that the grab 
samplers: 
 
• Create a minimal bow wake when descending 
• Form a leak-proof seal upon closure of the jaws 
• Carefully retrieve the sample to prevent excessive sample disturbance 
• Allow easy access to the sediment within the grab 
 
A minimum of two successful deployments of the tandem grab samplers will be required 
at each station for the collection of one sediment chemistry sample. 
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7.3.2  Subsurface Sediment Sampling 
 
Optional subsurface sediment samples will be collected using a piston coring device 
fitted with 2.9-inch inner diameter polycarbonate tubing.  Extra polycarbonate tubes will 
be available during sample operations for uninterrupted sampling in the event of a 
potential core tube breakage or contamination.  Core tubes suspected to have been 
accidentally contaminated will not be used.  Samples will be collected in the following 
manner: 
 
• The core tube will be decontaminated 
• Water depth will be measured using the staff or sounded with the piston cable 
• The core tube will be attached to the piston head 
• The coring device will be gradually lowered into the water 
• The piston cable will be tied-off in order to secure the piston in the core tube at 

approximately 20 cm above the sediment-water interface 
• The core will be driven into the sediment until refusal 
• The filled core tube will be retrieved slowly and steadily to avoid agitating the 

sample.  If possible, material adjacent to the core may be excavated and the core 
capped prior to retrieval 

• As the corer is lifted out of the water, a plug will be immediately inserted into the 
bottom of the core tube to prevent sediment from slipping out 

 
7.4 Sample Acceptability Criteria 
 
7.4.1 Surface Sediment Samples 

 
When the grab samplers have been secured on board, the hinged top flaps will be opened 
and the samples examined for acceptability.  Acceptability criteria will include: 
 
• The grabs are not overfilled to the point where there is evidence of sample loss 

around the access doors 
• Overlying water is present, indicating minimal leakage 
• Overlying water is not excessively turbid, indicating minimal sample disturbance 
• A minimum acceptable sample penetration depth of at least 11 cm has been achieved 
 
Samples for chemical analysis in soft sediments will be collected from the top 10 cm of 
sediment, so a minimum penetration depth of 11 cm will be required for these grabs.  
Care will be taken to extract sediment from the most undisturbed center portion of each 
grab without collecting sediment that has touched the sides of the grab.  If repeated grabs 
show less than 11 cm retrieval, then it will be acceptable to collect a sample of less than 
10 cm but this will be noted on field sheets and flagged on final data tables.  This 
provision is allowed to ensure samples are obtained from all sampling stations. 
 

7.4.2 Subsurface Sediment Samples 
 
The core will be evaluated against the following acceptability criteria: 
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• At least 5 cm of overlying water is present 
• The overlying water is not excessively turbid 
• The sediment surface is relatively undisturbed 
• At least 80 percent core recovery versus penetration is observed 
• The core recovery is a minimum of 3 feet 

 
If the core meets the above acceptability criteria, the core will be processed immediately.  
A maximum of three cores will be collected at each of the four core locations to achieve 
the acceptability criteria above.  If by the third core attempt it has been determined that 
the acceptability criteria have not been achieved, the core that best meets the acceptability 
criteria will be used and processed. 
 

7.5 Sample Processing - Sediment Chemistry Analysis 
 
7.5.1 Surface Samples 

 
Overlying water within the grab will be carefully siphoned off of the sediment surface for 
all acceptable samples of soft sediment. The top 10 cm of sediment will be collected with 
a stainless steel spoon and placed in a stainless steel bowl for homogenization. 
 
After thorough homogenization, the sediment will be transferred to the other laboratory 
containers.  Headspace will be left in all lab containers to allow for further mixing within 
the laboratory and for expansion in those containers that are stored frozen.  All samples 
will be stored in insulated, ice-filled coolers while in the field. 
 
Sample containers, storage conditions, and holding times are summarized in Table 3. 
 
7.5.2 Subsurface Samples 
 
The characteristics of the core will be documented (as described below) as the sediment 
is being extruded: 
• Each core will be sectioned at 30 cm intervals 
• All of the sediment from each core section will be thoroughly homogenized and 

transferred into an appropriate pre-labeled sample container (certified, pre-cleaned) 
and placed immediately on ice for transport to the appropriate laboratory 
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Table 3.  Sample Containers, Storage Conditions, and Analytical Hold Times 

Analyte Container 

Preferred 
Storage 
Conditions Hold Time 

Acceptable 
Storage 
Conditions Hold Time 

BNAs 16 oz. glass freeze at -18°C 1 year to extract 
40 days to 
analyze 

refrigerate 
at 4°C 

14 days to extract
40 days to analyze 

PCBs (collect w/ 
BNAs) 

16 oz. glass freeze at -18°C 1 year to extract 
40 days to 
analyze 

refrigerate 
at 4°C 

14 days to extract
40 days to analyze 

Mercury 250 ml HDPE freeze at -18°C 28 days to 
analyze 

N/A N/A 

Other Sediment 
Management 
Standards (SMS) 
Metals 

250 ml HDPE freeze at -18°C 2 years to 
analyze 

refrigerate 
at 4°C 

6 months to 
analyze 

Particle size 
distribution 

1 gal. plastic 
zip-type bag 

refrigerate at 4°
C 

6 months to 
analyze 

N/A N/A 

TOC 4 oz. glass freeze at -18°C 6 months to 
analyze 

refrigerate 
at 4°C 

14 days to analyze 

Total solids 
(collect w/ TOC) 

4 oz. glass freeze at -18°C 6 months to 
analyze 

refrigerate 
at 4°C 

14 days to analyze 

 
7.6 Sampling Equipment Decontamination 

 
The grab samplers will be decontaminated between sampling stations by scrubbing with a 
brush and using phosphate-free soap, followed by a thorough ambient seawater rinsing.  
A separate stainless steel bowl and spoon will be dedicated to each sampling station, 
precluding the need for decontamination of this equipment. 
 

7.7 Sample Storage and Delivery 
 

All sample containers will be stored in an insulated cooler containing ice immediately 
after collection to maintain the samples at a temperature of approximately 4o Celsius until 
delivery to the laboratory.  Chemistry sample containers from each station will be 
grouped and placed in plastic bags to facilitate sample receipt and login.  At the end of 
each sampling day, all chemistry samples will be transported back to the King County 
Environmental Laboratory. 

 
7.8 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.  For COC purposes, the research vessel will be considered a “controlled area.”  
Each day, all sample information will be recorded on a COC form (Figure 3).  This form 
will be completed in the field and will accompany all samples during transport and 
delivery to the laboratory each day. 
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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, the original will be archived in the project 
file. 
 
Samples delivered after regular business hours will be stored in a locked COC 
refrigerator until the next day.  Samples delivered to a subcontracted laboratory will be 
accompanied by a properly completed King County Environmental Laboratory COC 
form and custody seals will be placed on the cooler if samples are delivered by an outside 
courier.  Subcontracted laboratories will be expected to provide a copy of the completed 
COC form as part of their analytical data package. 
 

7.9 Sample Disposal 
 

All sediment chemistry sample material will be disposed according to established King 
County Environmental Laboratory procedures after analysis has been completed.  
 
8.0 Sample Documentation 
 
Sampling information and sample metadata will be documented using the methods noted 
below. 
 
• Field sheets generated by King County’s Laboratory Information Management 

System (LIMS) that will include information such as: 
1. Sample ID number 
2. Station name 
3. Station bottom depth 
4. Sediment depth (i.e., sampler penetration depth) for each successful deployment 
5. Sediment sampling range (depth from surface collected for analysis) 
6. Physical sediment characteristics 
7. Date and time of sample collection 
8. Condition and height of tide 
9. Name of recorder 

• LIMS-generated container labels will identify each container with a unique sample 
number, station and site names, collect date, analyses required, and preservation 
method. 

• The research vessel’s logbook will contain records of all shipboard activities, 
destinations, arrival and departure times, general weather and positioning 
information, and the names of shipboard personnel. 

• The research vessel’s cruise plan will list the prescribed stations to be sampled, along 
with their respective coordinates and other associated locating information. 

• Electronic DGPS coordinate data will be electronically logged for each grab sample 
using both latitude/longitude and NAD 83 State Plane formats. 

• COC documentation will consist of the lab’s standard COC form, which is used to 
track release and receipt of each sample from collection to arrival at the lab. 
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A sample of a typical field sheet used by the King County Environmental Laboratory is 
included as Figure 4. 
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Figure 4. King County Environmental Laboratory Field Sheet 
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9.0 Field Measurements and Observations  
 

9.1 Surface Sediment Samples 
 
The following field measurements and observations will be recorded for each sediment 
grab sample: 
 
• Sample (bottom) depth – measured as keel depth by vessel’s fathometer 
• Sediment depth (grab or piston core penetration depth) – measured by ruler inside the 

grab 
• Sediment sampling range (0 to 10 cm for each chemistry sample) 
• Sediment type (a mnemonic code indicating color, gross grain size, odor, and debris) 
• Tide condition and height 
• Collection date, time, and sampling personnel 

 
9.2 Subsurface Sediment Samples 

 
The following field measurements and observations will be recorded for each sediment 
core sample:  
 
• Elevation of each core station sampled 
• Location of each boring station 
• Date and time of collection of each sediment core sample 
• Names of field supervisor and person(s) collecting and logging in the sample 
• Observations made during sample collection, including weather conditions, 

complications, and other details associated with the sampling effort 
• The sample station number 
• Length and depth intervals of each core section and recovery for each sediment 

sample 
• Qualitative notation of apparent resistance of sediment column to coring 
• Any deviation from the approved sampling plan 
 
In addition, a sediment description of each core sample will be recorded on the core log 
for the following parameters as appropriate and present: 
 
• Sample recovery (depth in feet of penetration and sample compaction) 
• Physical soil description in accordance with the Unified Soil Classification System 

(includes soil type, density and consistency of soil, and color) 
• Odor (e.g., hydrogen sulfide, petroleum) 
• Vegetation 
• Debris 
• Biological activity (e.g., detritus, shells, tubes, bioturbation, or live or dead 

organisms) 
• Presence and depth (feet) of the redox potential discontinuity layer 
• Presence of oil sheen 
• Any other distinguishing characteristics or features 
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10.0 Analytical Parameters and Methods 
 
Analytical parameters for chemical analysis are presented in the following sections.  
Parameters have been selected based on guidance for conducting baseline sediment 
characterizations (Ecology 2003) and will allow comparison with published sediment 
quality criteria (Ecology 1995; ACOE 2000).  All analyses will follow PSEP guidance 
(PSEP 1986, 1997b, 1997c). 
 
The terms method detection limit (MDL) and reporting detection limit (RDL) are 
discussed in the following sections.  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.  The MDL and 
RDL are based on routine method concentration factors, assuming 50 percent total solids 
by weight. Also, the RDL could be considered equivalent to a Practical Quantitation 
Limit (PQL). 
 

10.1 Conventionals Analytical Methods and Detection Limits 
 

All sediment conventional analyses will be performed by the King County Environmental 
Laboratory.  Conventional sediment parameters will include PSD, TOC, and total solids.  
The analytical methods and detection limits for conventional parameters are summarized 
in Table 4. 

 
Table 4 

Conventionals Methods and Detection Limits 
Parameter Method MDL RDL Units1 
PSD (gravel/sand) ASTM D422 0.1 1.0 percent dry wt. 
PSD (silt/clay) ASTM D422 0.5 1.0 percent dry wt. 
TOC EPA 9060, PSEP 1996 1,000 2,000 mg/Kg dry wt.2

Total Solids SM 2540-G 0.005 0.01 percent wet wt. 
        1Dry-weight MDLs for ammonia, TOC, and total sulfide are based on an assumed 50% solids content. 
        2Stored on King County’s LIMS data base in units of mg/Kg but will be reported to SEDQUAL in units of %. 
 
Total solids will be analyzed for all samples to allow normalization of all other sediment 
chemistry data 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 total solids 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), which is high-temperature combustion with infrared 
spectroscopy.  Results for TOC analysis are presented in units of mg/Kg on a dry weight 
basis. 
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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.” 
 

10.2 Metals Analytical Methods and Detection Limits 
 
All metals analysis will be performed by the King County Environmental Laboratory.  
The analytical methods and detection limits for the target metals are summarized in Table 
5.  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 milliliters (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 5 

Metals Target Analytes, Methods, 
and Detection Limits (mg/Kg wet weight) 

Analyte Method MDL RDL 
Antimony EPA 3050A/6010B 0.75 3.75 
Arsenic EPA 3050A/6010B 1.3 6.25 
Cadmium EPA 3050A/6010B 0.10 0.50 
Chromium EPA 3050A/6010B 0.15 0.75 
Copper EPA 3050A/6010B 0.20 1.0 
Lead EPA 3050A/6010B 1.0 5.00 
Mercury EPA 7471A 0.0050 0.0500 
Nickel EPA 3050A/6010B 0.25 1.25 
Silver EPA 3050A/6010B 0.20 1.0 
Zinc EPA 3050A/6010B 0.25 1.25 

    
MDLs for these 10 trace metals, 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 MDLs for antimony, arsenic, cadmium, chromium, 
copper, lead, mercury, nickel, silver, and zinc will meet Ecology’s recommended 
Practical Quantitation Limits (PQLs) from the Sampling and Analysis Plan Appendix 
(SAPA) (Ecology 2003).  The information in Appendix A shows that dry-weight 
normalized MDLs for these 10 metals all meet the SAPA-recommended PQLs at the 
range of percent solids from 25 to 75%. 
 
10.3 Organics Analytical Methods and Detection Limits 

 
All organics analyses will be performed by the King County Environmental Laboratory.  
Trace organic parameters will include base/neutral/acid semivolatile organic compounds 
(BNAs), chlorinated pesticides, and PCBs.  The analytical methods and detection limits 
for the target BNA, and PCB compounds are summarized in Tables 6, and 7, respectively 
on a wet-weight basis.  Wet-weight MDLs are normalized to dry weight over a range of 
percent solids contents in Appendix A for comparison with practical quantitation limits 
(PQLs) recommended in Ecology’s SAPA (Ecology 2003).  Results for certain non-
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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 8.  These values are 
based on the wet-weight detection limits shown in Tables 6 and 7 and converted using a 
conservatively-low percent solids content of 35% and the minimum TOC content that 
would be applicable for organic-carbon normalization (0.5% by dry weight). 
 
The detection limits for the target BNA compounds are summarized in Table 6.  These 
MDLs and RDLs are presented on a wet-weight basis and are based on a 30-g extraction 
with gel permeable chromatography (GPC) cleanup and concentration to a final volume 
of 0.5 ml for analysis.  Note that the detection limits can vary if limited sample is 
available for extraction (less than 30 g) or if dilution is required due to elevated analyte 
concentration(s).  BNA analysis will be performed according to EPA methods 
3550B/8270A (SW-846), which employ solvent extraction with sonication, and analysis 
by gas chromatography/mass spectroscopy (GC/MS). 

 
Table 6 

BNA Target Analytes and Detection Limits (μg/Kg wet weight) 
Analyte MDL RDL Analyte MDL RDL
1,2,4-Trichlorobenzene 0.13 0.27 Chrysene 2.7 5.3 
1,2-Dichlorobenzene 0.27 0.53 Coprostanol 53 110 
1,4-Dichlorobenzene 0.27 0.53 Dibenzo(a,h)anthracene 2.7 5.3 
2,4-Dimethylphenol 1.3 2.7 Dibenzofuran 2.7 5.3 
2-Methylnaphthalene 2.7 5.3 Diethyl Phthalate 5.3 11 
2-Methylphenol 2.7 5.3 Dimethyl Phthalate 5.3 11 
4-Methylphenol 5.3 11 Di-N-Butyl Phthalate 5.3 11 
Acenaphthene 2.7 5.3 Di-N-Octyl Phthalate 5.3 11 
Acenaphthylene 2.7 5.3 Fluoranthene 2.7 5.3 
Anthracene 2.7 5.3 Fluorene 2.7 5.3 
Benzo(a)anthracene 2.7 5.3 Hexachlorobenzene 0.13 0.27 
Benzo(a)pyrene 2.7 5.3 Hexachlorobutadiene 0.67 1.3 
Benzo(b)fluoranthene 2.7 5.3 Indeno(1,2,3-cd)pyrene 2.7 5.3 
Benzo(g,h,i)perylene 2.7 5.3 Naphthalene 2.7 5.3 
Benzo(k)fluoranthene 2.7 5.3 N-Nitrosodiphenylamine 5.3 11 
Benzoic Acid 13 26 Pentachlorophenol 13 27 
Benzyl Alcohol 2.7 5.3 Phenanthrene 2.7 5.3 
Benzyl Butyl Phthalate 1.3 2.7 Phenol 5.3 11 
Bis(2-Ethylhexyl) Phthalate 5.3 11 Pyrene 2.7 5.3 
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MDLs for BNA compounds, 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 MDLs for BNAs will meet Ecology’s recommended 
PQLs.  The information in Appendix A shows that all dry-weight normalized MDLs for 
BNA compounds meet the SAPA-recommended PQLs at the range of percent solids from 
25 to 75%. 
 
The detection limits for the target PCB Aroclors® are summarized in Table 7.  These 
MDLs and RDLs are presented on a wet-weight basis and are based on a 30-g extraction 
with gel permeation cleanup and concentration to a final volume of 0.5 ml for analysis.  
Note that the detection limits can vary if limited sample is available for extraction (less 
than 30 g) or if dilution is required due to elevated analyte concentration(s).  PCB 
analysis will be performed according to EPA methods 3550B/8081A/8082 (SW-846), 
which employ solvent extraction with sonication, and analysis by gas chromatography 
with electron capture detector (GC/ECD) and dual column confirmation. 

 
Table 7 

PCB Target Analytes and Detection Limits (μg/Kg wet weight) 
Analyte MDL RDL Analyte MDL RDL 
Aroclor 1016  1.3 2.6 Aroclor 1248  1.3 2.6 
Aroclor 1221  3.3 6.6 Aroclor 1254  1.3 2.6 
Aroclor 1232  3.3 6.6 Aroclor 1260  1.3 2.6 
Aroclor 1242  1.3 2.6    

 
MDLs for PCBs, 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 MDLs for PCBs will meet Ecology’s recommended PQLs.  The 
information in Appendix A shows that dry-weight normalized MDLs for PCB Aroclors 
meet the SAPA-recommended PQLs at the range of percent solids from 25 to 75% with 
two exceptions.  The dry-weight normalized MDLs for Aroclors 1221 and 1232 at 25% 
and 50% solids exceed the SAPA-recommended PQL of 6 µg/Kg DW.  This should not 
prove problematic, however, since the highest dry-weight normalized MDL of 13 µg/Kg 
DW is still a factor of 10 lower than the LAET of 130 µg/Kg DW. 
 
Table 8 presents the organic-carbon normalized detection limits for the non-ionizable 
organic compounds regulated under the SMS, based on a percent solids concentration of 
35% and a TOC content of 0.5%. 
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Table 8 
Non-Ionizable Organic Compound Detection Limits (mg/Kg OC) 

Analyte MDL RDL Analyte MDL RDL
2-Methylnaphthalene 1.5 3.0 Pyrene 1.5 3.0 
Acenaphthene 1.5 3.0 1,2,4-Trichlorobenzene 0.074 0.15 
Acenaphthylene 1.5 3.0 1,2-Dichlorobenzene 0.15 0.30 
Anthracene 1.5 3.0 1,4-Dichlorobenzene 0.15 0.30 
Benzo(a)anthracene 1.5 3.0 Hexachlorobenzene 0.074 0.15 
Benzo(a)pyrene 1.5 3.0 Benzyl Butyl Phthalate 0.76 1.5 
Benzo(b)fluoranthene 1.5 3.0 Diethyl Phthalate 3.0 6.1 
Benzo(g,h,i)perylene 1.5 3.0 Dimethyl Phthalate 3.0 6.1 
Benzo(k)fluoranthene 1.5 3.0 Di-N-Butyl Phthalate 3.0 6.1 
Chrysene 1.5 3.0 Bis(2-Ethylhexyl) Phthalate 3.0 6.1 
Dibenzo(a,h)anthracene 1.5 3.0 Di-N-Octyl Phthalate 3.0 6.1 
Fluoranthene 1.5 3.0 Dibenzofuran 1.5 3.0 
Fluorene 1.5 3.0 Hexachlorobutadiene 0.38 0.76 
Indeno(1,2,3-cd)pyrene 1.5 3.0 N-Nitrosodiphenylamine 3.0 6.1 
Naphthalene 1.5 3.0 PCBs (1016, 1242, 1248, 1254, 1260) 0.74 1.5 
Phenanthrene 1.5 3.0 PCBs (1221, 1232) 1.9 3.8 

 
All of the organic carbon normalized MDLs shown in Table 9 and 10 are below their 
respective SQS chemical criteria from Table I of Chapter 173-204 WAC (Ecology 1995).  
 
11.0 Laboratory Quality Assurance/Quality Control 
 

11.1 Chemistry Data QA/QC 
 

The quality control (QC) samples that will be analyzed in association with sediment 
chemistry samples are summarized in Table 9.  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. 
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Table 9 
Marine Sediment Chemistry Quality Control Samples 

 
Analyte 

Method 
Blank 

 
Duplicate 

 
Triplicate 

Matrix 
Spike 
(MS) 

MS 
Duplicate 

 
SRM/LCS 

 
Surrogates 

PSD No No Yes No No No No 
TOC Yes No Yes Yes No Yes No 
Total Solids  Yes No Yes No No No No 
Mercury Yes Yes No Yes Yes Yes No 
Other 
Metals 

Yes Yes No Yes No Yes No 

BNAs Yes Yes No Yes Yes Yes Yes 
PCBs Yes Yes No Yes Yes Yes Yes 

  
Quality assurance (QA1) marine sediment chemistry acceptance criteria (Ecology 1989) 
are shown in Table 10.  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 included as Appendix B.  QC results that exceed 
the acceptance limits will be evaluated to determine appropriate corrective actions.  
Samples will typically be reanalyzed if the unacceptable QC results indicate a systematic 
problem with the overall analysis.  Unacceptable QC results caused by a particular 
sample or matrix will not require reanalysis unless an allowed method modification 
would improve the results.  
 

Table 10 
QA1 Acceptance Criteria for Marine Sediment Chemistry Samples 

 
Analyte 

Method 
Blank 

 
Duplicate 

 
Triplicate 

Matrix 
Spike 

 
SRM/LCS 

 
Surrogates 

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 

Metals (incl. < MDL RPD < 
20% 

N/A 75 - 125% Appendix 
B 

N/A 

BNAs < MDL RPD < 
35% 

N/A Appendix 
B 

Appendix 
B 

Appendix B 

PCBs <MDL RPD < 
35% 

N/A 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. 
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Analytical results that do not meet QA1 acceptance criteria will be qualified and flagged 
according to QA1 data validation guidance (Ecology 1989).  Data qualifier flags and their 
interpretations are presented in Table 11. 
 

Table 11 
Data Qualifier Flags and QA1 Acceptance Criteria  

 
Condition to Qualify 

 
Flag 

Organics 
QC Limits 

Metals 
QC Limits 

Convention
als 

QC Limits 
Very low matrix spike recovery X < 10 % < 10 % < 10 % 
Low matrix spike recovery  G Appendix B < 75% < 65 - 75% 
High matrix spike recovery L Appendix B >125% > 125 - 135% 
Low SRM/LCS recovery G Appendix B Appendix B < 80% 
High SRM/LCS recovery L Appendix B Appendix B >120% 
High duplicate RPD E >35 % >20% N/A 
High triplicate RSD E N/A N/A > 20% 
Less than the reporting detection limit <RDL RDL RDL RDL 
Less than the method detection limit <MDL MDL MDL MDL 
Contamination in method blank B > MDL > MDL > MDL 
Very biased data, low surrogate recoveries X <10% N/A N/A 
Biased data, low surrogate recoveries G Appendix B N/A N/A 
Biased data, high surrogate recoveries L Appendix B N/A N/A 
Rejected, unusable for all purposes R -- -- -- 
A sample handling criterion has been exceeded H -- -- -- 

1. For BNA analysis, flags are applied to a sample based on whether a particular surrogate is in the acid or base-neutral 
    fraction and on the number of failing surrogates per sample.  For all other methods, flagging of all parameters for a 
    particular sample is based on the recovery and acceptance limit of each surrogate. 
2. Sample handling criteria include an exceedance of hold time and incorrect preservation, container, or storage 

    conditions. 
 

11.2 Data Reporting and Record Keeping 
 
For the pre-dredge, post-dredge, and post-backfill surface sediment samples (Objectives 
1, 2, and 3 see Section 2.1), the King County Environmental Laboratory will provide a 
60-day turnaround time for all chemistry analytical data, starting upon receipt of the last 
sample collected.  All data received from subcontract laboratories will be reported to the 
King County Environmental Laboratory in a format that includes QC summaries.  These 
summaries will then be reviewed and qualified as appropriate. 
 

11.3 QC/QC Reporting 
 

All chemistry data will be reported in a QA1 report (Ecology 1989).  The final report 
package will contain the following information and deliverables: 
 
• A QA1 narrative discussing data quality in relation to Washington State Sediment 

Quality data qualification criteria (SEDQUAL) 
• A summary of all associated QC data summaries (LIMS QC reports and worklists) 
• A comprehensive report containing all analytical and field data (including data 

qualifier flags) 
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11.4 SEDQUAL Files 
 

The chemistry analysis data will be reported in SEDQUAL (current version) format for 
eventual delivery to Ecology. 
 

11.5 Record Keeping 
 

All field and sampling records, custody documents, raw lab data, and summaries and 
narratives will be archived according to King County Environmental Laboratory policy.  
Appendix C includes LIMS “product names” and “list types” under which analytical data 
will be stored. 
 
12.0 Project Health and Safety 
 
The following general health and safety guidelines have been provided in lieu of a site-
specific Health and Safety Plan.  These guidelines will be read and understood by all 
members of the sampling crew. 
 
• All crew of a research or safety vessel will have received annual vessel safety 

training, which will include proper chain of communication, equipment operation, 
and safe boating practices 

• Samplers will wear chemical-resistant gloves whenever coming into contact with 
sediment 

• No eating or drinking by sampling personnel will be allowed during sampling 
operations 

• All sampling operations will be conducted during daylight hours 
• All accidents, ‘near misses,’ and symptoms of possible exposure will be reported to a 

sampler’s supervisor within 24 hours of occurrence 
• All crew members will be aware of the potential hazards associated with any 

chemicals used during the sampling effort 
 
Several hazards are inherent to marine sediment sampling.  General vessel safety, 
physical hazards unique to sediment grab and core sampling, and chemical hazards are 
discussed in sections 12.1 through 12.3. 
 

12.1 General Vessel Safety 
 

To help prevent accidents and ensure adequate preparation for emergencies that may 
possibly arise, the following safety equipment will be required on the research vessel: 
 
• One personal floatation device for each crew member as well as at least one 

throwable floatation device 
• An accessible, clearly labeled, fully stocked first-aid/CPR kit 
• An accessible and clearly labeled eye wash 
• One (preferably two) VHF marine radio(s) with weather channel 
• A cellular telephone 
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• A horn 
• Navigation lights 
• An emergency life raft with oars or paddles 
• An anchor and suitable line 
• Signal flares 
• A reach pole or shepherd's hook 
 
Personal protective equipment will be selected and used that will protect workers 
involved in sediment sampling from the hazards and potential hazards likely to be 
encountered.  Minimum required personal protective equipment for marine sediment 
sampling shall include the following: 
 
• Hard hat 
• Steel-toe rubber boots 
• Chemical-resistant gloves (i.e. Nitrile) 
• Safety glasses (safety glasses will be available for use if sediment characteristics 

indicate the possible presence of hazardous chemicals [i.e., sheen or 
petroleum/solvent odor]) 

 
Recommended additional personal protective equipment will include rain gear and 
hearing protection when on board the research vessel. 
 

12.2 Sampling 
 

Sampler deployment and sediment 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. 
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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 crewmembers will exercise care to avoid these potentially hazardous areas. 
 

12.3 Chemical Hazards 
 

Contact with marine sediment at some sampling stations may present a health hazard 
from chemical constituents of the sediment.  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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APPENDIX A 
 

Metals and Trace Organics Dry-Weight Normalized Method Detection Limits (MDLs) 
Compared to Recommended Practical Quantitation Limits (PQLs) 

 
Tables A-1 through A-3 



  

 
Table A-1 

Dry-Weight Normalized MDLs for Trace Metals 
Compared to SAPA PQLs (all values in mg/Kg) 

 
Trace Metal 

 
WW MDL 

 
DW MDL 25% 

 
DW MDL 50% 

 
DW MDL 75% 

DW SAPA 
PQL 

Antimony 0.75 3.0 1.5 1.0 50 
Arsenic 1.25 5.0 2.5 1.7 19 
Cadmium 0.10 0.40 0.20 0.13 1.7 
Chromium 0.15 0.60 0.30 0.20 87 
Copper 0.20 0.80 0.40 0.27 130 
Lead 1.0 4.0 2.0 1.3 150 
Mercury 0.005 0.020 0.010 0.0067 0.14 
Nickel 0.25 1.0 4.0 1.7 47 
Silver 0.20 0.80 0.40 0.27 2 
Zinc 0.25 1.0 0.50 0.33 137 
WW MDL – Nominal wet-weight method detection limit from Table 5. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
All dry-weight normalized MDLs for Trace Metals meet the SAPA-recommended PQLs at the range of percent 
solids from 25 to 75%. 



  

Table A-2 
Dry-Weight Normalized MDLs for BNAs 

Compared to SAPA PQLs (all values in µg/Kg) 
 
BNA 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

1,2,4-Trichlorobenzene 0.13 0.52 0.26 0.17 31 
1,2-Dichlorobenzene 0.27 1.1 0.54 0.36 35 
1,4-Dichlorobenzene 0.27 1.1 0.54 0.36 37 
2,4-Dimethylphenol 1.3 5.2 2.6 1.7 11 
2-Methylnaphthalene 2.7 11 5.4 3.6 223 
2-Methylphenol 2.7 11 5.4 3.6 1,067 
4-Methylphenol 5.3 21 11 7.1 223 
Acenaphthene 2.7 11 5.4 3.6 167 
Acenaphthylene 2.7 11 5.4 3.6 433 
Anthracene 2.7 11 5.4 3.6 320 
Benzo(a)anthracene 2.7 11 5.4 3.6 433 
Benzo(a)pyrene 2.7 11 5.4 3.6 533 
Benzo(b)fluoranthene 2.7 11 5.4 3.6 1,067 
Benzo(g,h,i)perylene 2.7 11 5.4 3.6 223 
Benzo(k)fluoranthene 2.7 11 5.4 3.6 1,067 
Benzoic Acid 13 52 26 17 217 
Benzyl Alcohol 2.7 11 5.4 3.6 1,067 
Benzyl Butyl Phthalate 1.3 5.2 2.6 1.7 11 
Bis(2-Ethylhexyl) Phthalate 5.3 21 11 7.1 433 
Chrysene 2.7 11 5.4 3.6 467 
Coprostanol 53 210 110 71 -- 
Dibenzo(a,h)anthracene 2.7 11 5.4 3.6 77 
Dibenzofuran 2.7 11 5.4 3.6 180 
Diethyl Phthalate 5.3 21 11 7.1 67 
Dimethyl Phthalate 5.3 21 11 7.1 24 
Di-N-Butyl Phthalate 5.3 21 11 7.1 467 
Di-N-Octyl Phthalate 5.3 21 11 7.1 2,067 
Fluoranthene 2.7 11 5.4 3.6 567 
Fluorene 2.7 11 5.4 3.6 180 
Hexachlorobenzene 0.13 0.52 0.26 0.17 22 
Hexachlorobutadiene 0.67 2.6 1.3 0.85 11 
Indeno(1,2,3-cd)pyrene 2.7 11 5.4 3.6 200 
Naphthalene 2.7 11 5.4 3.6 700 
N-Nitrosodiphenylamine 5.3 21 11 7.1 28 
Pentachlorophenol 13 52 26 17 120 
Phenanthrene 2.7 11 5.4 3.6 500 
Phenol 5.3 21 11 7.1 140 
Pyrene 2.7 11 5.4 3.6 867 
WW MDL – Nominal wet weight method detection limit from Table 6. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
All dry-weight normalized MDLs for BNA compounds meet the SAPA-recommended PQLs at the range of percent 
solids from 25 to 75%. 
 



  

 
 

Table A-3 
Dry-Weight Normalized MDLs for PCBs 

Compared to SAPA PQLs (all values in µg/Kg) 
 
PCB 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

Aroclor 1016 1.3 5.2 2.6 1.7 6 
Aroclor 1221 3.3 13 6.6 4.4 6 
Aroclor 1232 3.3 13 6.6 4.4 6 
Aroclor 1242 1.3 5.2 2.6 1.6 6 
Aroclor 1248 1.3 5.2 2.6 1.7 6 
Aroclor 1254 1.3 5.2 2.6 1.7 6 
Aroclor 1260 1.3 5.2 2.6 1.7 6 
WW MDL – Nominal wet weight method detection limit from Table 7. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
Dry-weight normalized MDLs for PCB Aroclors meet the SAPA-recommended PQLs at the range of percent solids 
from 25 to 75% with two exceptions.  The dry-weight normalized MDLs for Aroclors 1221 and 1232 at 25% and 
50% solids exceed the SAPA-recommended PQL of 6 µg/Kg DW.   
 
 
 



  

 
 
 
 
 
 
 
 
 
 

APPENDIX B 
 

Metals and Trace Organics Performance-Based QC Limits 
 

Tables B-1 through B-7  



  

 
Table B-1a 

Laboratory QC Limits for Sediment Metals – SRM Recoveries (PACS-2) 
Parameter                        Lower Limit (%) Upper Limit (%) 
Chromium  30 70 
Copper  78 118 
Lead  74 114 
Mercury  80 120 
Nickel 51 91 
Zinc  73 113 

 
Table B-1b 

Laboratory QC Limits for Sediment Metals – LCS Recoveries (ERA Soil) 
Parameter                        Lower Limit (%) Upper Limit (%) 
Antimony 80 120 
Arsenic 80 120 
Cadmium 80 120 
Chromium 80 120 
Copper 80 120 
Lead 80 120 
Nickel 80 120 
Silver 80 120 
Zinc  80 120 

  No QA1 flagging occurs as a result of LCS recoveries being outside of control limits. 
 

Table B-2 
Laboratory QC Limits for Sediment BNAs, Matrix Spike Recoveries 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

1,2,4-Trichlorobenzene           10 115 Chrysene                         14 184 
1,2-Dichlorobenzene              10 105 Coprostanol                      10 183 
1,3-Dichlorobenzene              10 103 Di-N-Butyl Phthalate             10 194 
1,4-Dichlorobenzene              10 104 Di-N-Octyl Phthalate             52 151 
2,4-Dimethylphenol               10 150 Dibenzo(a,h)anthracene           10 166 
2-Methylnaphthalene              22 112 Dibenzofuran                     21 134 
2-Methylphenol                   10 142 Diethyl Phthalate                31 150 
4-Methylphenol                   10 163 Dimethyl Phthalate               13 162 
Acenaphthene                     25 130 Fluoranthene                     12 188 
Acenaphthylene                   27 132 Fluorene                         22 147 
Anthracene                       10 181 Hexachlorobenzene                18 151 
Benzo(a)anthracene               32 168 Hexachlorobutadiene              10 97 
Benzo(a)pyrene                   10 200 Hexachloroethane                 10 89 
Benzo(b)fluoranthene             10 199 Indeno(1,2,3-Cd)Pyrene           10 177 
Benzo(g,h,i)perylene             10 173 N-Nitrosodiphenylamine           10 169 
Benzo(k)fluoranthene             10 192 Naphthalene                      12 97 
Benzoic Acid                     10 158 Pentachlorophenol                17 170 
Benzyl Alcohol                   10 138 Phenanthrene                     10 200 
Benzyl Butyl Phthalate           41 145 Phenol                           10 127 
Bis(2-Ethylhexyl)Phthalate       10 189 Pyrene                           20 174 

 



  

Table B-3 
Laboratory QC Limits for Sediment BNAs, Blank Spike Recoveries 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

1,2,4-Trichlorobenzene           13 110 Chrysene                         69 111 
1,2-Dichlorobenzene              10 116 Coprostanol                      10 159 
1,3-Dichlorobenzene              18 95 Di-N-Butyl Phthalate             17 180 
1,4-Dichlorobenzene              21 99 Di-N-Octyl Phthalate             10 200 
2,4-Dimethylphenol               10 81 Dibenzo(a,h)anthracene           53 129 
2-Methylnaphthalene              22 99 Dibenzofuran                     37 97 
2-Methylphenol                   16 91 Diethyl Phthalate                51 118 
4-Methylphenol                   10 125 Dimethyl Phthalate               38 114 
Acenaphthene                     29 102 Fluoranthene                     55 132 
Acenaphthylene                   31 101 Fluorene                         39 106 
Anthracene                       45 114 Hexachlorobenzene                40 111 
Benzo(a)anthracene               69 117 Hexachlorobutadiene              10 97 
Benzo(a)pyrene                   15 137 Hexachloroethane                 17 92 
Benzo(b)fluoranthene             50 121 Indeno(1,2,3-Cd)Pyrene           51 132 
Benzo(g,h,i)perylene             46 126 N-Nitrosodiphenylamine           11 148 
Benzo(k)fluoranthene             58 128 Naphthalene                      17 94 
Benzoic Acid                     10 170 Pentachlorophenol                38 124 
Benzyl Alcohol                   10 119 Phenanthrene                     57 104 
Benzyl Butyl Phthalate           15 183 Phenol                           10 107 
Bis(2-Ethylhexyl)Phthalate       10 182 Pyrene                           48 132 

 
Table B-4 

Laboratory QC Limits for Sediment BNAs, Surrogate Recoveries 
Parameter                        Lower Limit (%) Upper Limit (%) 
2,4,6-Tribromophenol             29 112 
2-Fluorophenol                   10 112 
d5-Phenol                        10 106 
d5-Nitrobenzene                  28 94 
d4-2-Chlorophenol                11 105 
d4-1,2-Dichlorobenzene           24 91 
2-Fluorobiphenyl                 31 101 
d14-Terphenyl                    51 130 



  

Table B-5 
Laboratory QC Limits for Sediment BNAs, SRM Recoveries 

Parameter                        Lower Limit (%) Upper Limit (%) 
Anthracene                       28 98 
Benzo(a)anthracene               66 124 
Benzo(a)pyrene                   60 116 
Benzo(b)fluoranthene             52 190 
Benzo(g,h,i)perylene             15 121 
Benzo(k)fluoranthene             60 146 
Chrysene                         77 136 
Dibenzo(a,h)anthracene           10 200 
Fluoranthene                     45 126 
Indeno(1,2,3-Cd)Pyrene           33 121 
Naphthalene                      10 29 
Phenanthrene                     51 106 
Pyrene                           36 135 

 
Table B-6 

Laboratory QC Limits for Sediment Pesticides and PCBs 
Blank Spike Recoveries 

Parameter Lower Limit (%) Upper Limit (%) 
4,4'-DDD 78 121 
4,4'-DDE 75 111 
4,4'-DDT 57 145 
Aldrin 28 113 
Alpha-BHC 20 99 
Aroclor 1016 39 121 
Aroclor 1260 53 140 
Beta-BHC 66 102 
Delta-BHC 63 108 
Dieldrin 58 139 
Endosulfan I 62 104 
Endosulfan II 72 109 
Endosulfan Sulfate 61 104 
Endrin 60 160 
Endrin Aldehyde 0 77 
Gamma-BHC (Lindane) 27 130 
Heptachlor 20 137 
Heptachlor Epoxide 59 107 
Methoxychlor 72 131 

 
Table B-7 

Laboratory QC Limits for Sediment Pesticides and PCBs 
SRM and Surrogate Recoveries 

Parameter                        Lower Limit (%) Upper Limit (%) 
4,4'-DDT                         10 200 
Alpha-Chlordane                  48 144 
Aroclor 1254 57 139 
Decachlorobiphenyl 15 155 
2,4,5,6-Tetrachloro-m-xylene 30 134 
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APPENDIX C 
 

Laboratory Information Management System (LIMS) Products and List Types 
 

Table C-1



  

Table C-1 
King County Environmental Laboratory 

Laboratory Information Management System (LIMS) 
Products and List Types 

Parameter LIMS Product LIMS List Type 
PSD PSD CVPSD 
TOC TOC CVTOC 
Total Solids TOTS CVTOTS 
Mercury by CVAA HG-CVAA MTHG-MIDS, 6-MIDS 
Other Metals by ICP AL-ICP, SB-ICP, AS-ICP, CD-ICP, 

CR-ICP, CU-ICP, FE-ICP, PB-ICP, 
NI-ICP, AG-ICP, SN-ICP, ZN-ICP 

MTICP-SED, 6-SED 

BNAs (low-level) BNASMS ORSMS 
PCBs (low-level) PCBLL ORPCBLL 

CVAA – Cold vapor atomic absorption spectroscopy. 
ICP – Inductively coupled plasma optic emission spectroscopy. 
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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 third 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-construction 
monitoring of the Denny Way CSO Nearshore Interim Sediment Cleanup Project (Ecology 
2007).  All of these data will also be used to monitor natural recovery of sediments in the area 
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 2003 and ACOE 2000) as well as Chapter 173-204 
WAC, the Washington State Sediment Management Standards (Ecology 1995). 
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2  PROJECT DIRECTIVES 
 
The Denny Way/Lake Union CSO Control Project was a joint effort of King County's 
Wastewater Treatment Division and Seattle Public Utilities to control City and County CSO 
discharges into Lake Union, as well as from the Denny Way CSO into Elliott Bay.  The project 
included construction of two outfalls into Elliott Bay.  A 490-foot outfall at a depth of -63 feet 
referenced to mean lower low water (MLLW) discharges treated CSO effluent from the new 
Elliott West CSO Treatment Facility (TF) during moderately heavy storm events.  A 100-foot 
extension of the former Denny Way CSO outfall to a depth of -20 feet MLLW discharges 
untreated CSO to Elliott Bay during the once-per-year on average event when flows exceed the 
TF and system capacity (King County, City of Seattle, and EPA 1998). 
 
Pursuant to the Biological Opinion referenced in Section 1 of this SAP, King County developed 
a plan to monitor the marine environment surrounding the new outfalls.  The primary goal of the 
sediment monitoring plan is to produce scientific data of known quality that can be used to 
determine whether implementation of the Denny Way/Lake Union CSO Control Project and 
operation of the Elliott West CSO TF/Denny Way CSO causes an impact to the biological 
communities in the marine environment surrounding the outfalls.  If operation of the CSO 
facilities causes increased contamination of marine sediments to levels that exceed published 
sediment quality criteria, the monitoring program will identify such contamination and help King 
County and associated agencies develop a response plan. 
 
The long-term monitoring program was scheduled to monitor sediment quality over 20 years 
following construction and operation of the new Elliott West/Denny CSO treatment facility and 
associated marine outfalls.  Subsequently, King County conducted an interim cleanup (Ecology 
2007) in the area between the offshore area capped in 1990 and the old outfall location on the 
shoreline.  As part of that Cleanup Action Plan, monitoring was required to address several 
objectives.  The project directives have been amended to encompass the following additional 
tasks to address the post-construction components of that monitoring plan: 
 

• a one-time monitoring event of sediment quality at seven stations around the perimeter of 
the area dredged and backfilled during a nearshore interim sediment cleanup project (Areas 
A and B); 

• annual monitoring of one station within the backfilled area to evaluate the potential for 
recontamination; and 

• continued annual monitoring of areas with sediments exceeding the SMS at the Denny Way 
site (Areas C, D, and E) for evaluation of natural recovery. 

 
The stations to be monitored are shown in Figure 1.  The 16 existing stations, which are sampled 
to monitor sediment quality for compliance with the CSO control project BO are shown on the 
figure in red (Stations DWMP-01 through DWMP-16).  Station DWMP-10 is located within the 
area remediated during the nearshore interim cleanup project for Areas A and B.  Six of the 16 
stations are located in natural recovery monitoring Areas C, D, and E.  The seven post-
construction monitoring stations that will be sampled one time in April 2008, following 
completion of remediation construction activities, are shown on the figure in yellow.  The seven 
stations sampled once in April 2008 will be submitted for sediment chemical analysis only.  
Eight of the 16 existing stations will be sampled for sediment chemistry only and eight will be 
sampled for both sediment chemistry and benthic community assemblages.   
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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 
normal system capacity until the Elliott West CSO TF came online in June 2005.  Now online, 
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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 and 2007, after 
one and two years of operation.  These monitoring events showed consistent exceedances of 
Washington State Sediment Management Standards (SMS) for mercury, benzyl butyl phthalate, 
bis(2-ethylhexyl) phthalate, and total PCBs.  Tables 3-1 through 3-3 summarize the SMS 
exceedences of both the Sediment Quality Standards (SQS) and Cleanup Screening Levels (CSL) 
from Chapter 173-204 WAC (Ecology 1995).  The tables provide the numeric SMS chemical 
criteria, the number of stations that exceeded the SQS and/or CSL criteria, and the concentration 
ranges detected at those stations.  Concentrations of some individual polynuclear aromatic 
hydrocarbon (PAH) compounds have also exceeded SQS chemical criteria at three stations, 
although not consistently between the three monitoring events.  Total HPAH (high molecular 
weight PAH) concentrations at two stations exceeded the SQS criterion in 2006. 
 

Table 3-1 
Summary of SQS and CSL Exceedences – 2001 Monitoring Event 

 
Chemical 

 
SQS 

Number of 
Exceedances 

Concentration 
Range 

 
CSL 

Number of 
Exceedances 

Concentration 
Range 

Mercury1 0.41 5 0.411 – 0.571 0.59 4 0.615 – 0.741 
Benzyl Butyl Phthalate2 4.9 9 4.93 – 34.8 64 0 -- 
Bis (2-ethylhexyl) Phthalate2 47 4 54.0 – 71.9 78 3 83.6 – 304 
Total PCBs2 12 10 13.0 – 35.1 65 0 -- 

 1SQS, CSL, and Concentration Range in milligrams per kilogram normalized to dry weight (mg/Kg DW). 
 2SQS, CSL, and Concentration Range in milligrams per kilogram normalized to organic carbon (mg/Kg OC). 

 
Table 3-2 

Summary of SQS and CSL Exceedences – 2003 Monitoring Event 
 
Chemical 

 
SQS 

Number of 
Exceedances 

Concentration 
Range 

 
CSL 

Number of 
Exceedances 

Concentration 
Range 

Mercury1 0.41 4 0.419 – 0.563 0.59 4 0.610 – 0.751 
Benzyl Butyl Phthalate2 4.9 2 14.2 – 31.9* 64 0 -- 
Bis (2-ethylhexyl) Phthalate2 47 3 48.4 – 59.5 78 1 155 
Total PCBs2 12 10 14.1 – 29.3 65 0 -- 

 1SQS, CSL, and Concentration Range in milligrams per kilogram normalized to dry weight (mg/Kg DW). 
 2SQS, CSL, and Concentration Range in milligrams per kilogram normalized to organic carbon (mg/Kg OC). 
 *Results impacted by laboratory contamination. 
 

Table 3-3 
Summary of SQS and CSL Exceedences – 2006 Monitoring Event 

 
Chemical 

 
SQS 

Number of 
Exceedances 

Concentration 
Range 

 
CSL 

Number of 
Exceedances 

Concentration 
Range 

Mercury1 0.41 5 0.411 – 0.568 0.59 3 0.602 – 0.922 
Benzyl Butyl Phthalate2 4.9 11 5.07 – 58.4 64 0 -- 
Bis (2-ethylhexyl) Phthalate2 47 6 47.1 – 70.3* 78 2 98.4 – 166 
Total HPAHs2 960 2 993 – 1,050 5,300 0 -- 
Total PCBs2 12 10 12.9 – 29.8 65 0 -- 

 1SQS, CSL, and Concentration Range in milligrams per kilogram normalized to dry weight (mg/Kg DW). 
 2SQS, CSL, and Concentration Range in milligrams per kilogram normalized to organic carbon (mg/Kg OC). 
    *Results impacted by laboratory contamination. 
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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 and 2007 monitoring events indicate that 
some opportunistic, pollution-tolerant polychaetes have colonized the area near the new Elliott 
West CSO TF outfall.   
 
Data from these four monitoring events indicate no major changes in sediment quality at the site 
as a result of outfall construction activities or operation.  The 2008 monitoring event, described 
in this SAP, will evaluate sediment quality approximately three 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 1. 
 
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.  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 remediate the nearshore 
areas.  The dredging boundary for the Areas A and B cleanup is shown in Figure 1.  
  
Approximately 13,700 cubic yards (cy) of contaminated sediments were dredged from 
approximately +10 feet MLLW to approximately -35 feet MLLW within the 1.2-acre interim 
action area.  The material within the dredge footprint was mechanically dredged using a 
clamshell bucket deployed from a derrick barge.  The dredged area was backfilled and armored 
with an average thickness of more than 10 feet of material.  Approximately 14,500 cy of well-
graded clean sand was armored with approximately 4,000 cy of sandy-gravel habitat mix as well 
as large cobbles and boulders.  An additional 1,500 cy of well-graded clean sand was placed in 
an approximately 6-in thin layer around the perimeter of the dredge prism to address any 
residuals that may have resulted from the dredging.  Prior to commencement of construction 
activities, sediment grab samples were collected adjacent to and beyond the dredge boundary to 
document baseline pre-dredge sediment quality conditions near the project area. 
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3.3  Amended Sediment Monitoring Scope of Work 
The original Denny Way sediment monitoring scope of work was designed as part of a long-term 
sediment monitoring program to meet requirements of the CSO control project BO.  The long-
term monitoring program was scheduled to monitor sediment quality over a 20-year period, 
following construction and operation of the new Elliott West CSO TF and Denny Way CSO.  
The amended sediment monitoring scope of work will encompass the tasks listed below. 

 

• A one-time monitoring event of sediment quality at seven stations around the perimeter of 
Areas A and B will evaluate whether dispersal of contaminated sediments during remedial 
activities has occurred.  This monitoring event will occur in April 2008, following 
completion of all remedial construction activities.  Surface sediment samples will be 
collected from Stations DW-01, DW-03, DW-13, DW-19, DW033, DW-34, and LTBC20(J), 
which are shown in yellow in Figure 1.  Baseline sediment data was collected from these 
seven stations in November 2007. 

• Annual monitoring of one station within Areas A and B will evaluate the potential for 
recontamination.  Surface sediment samples will be collected from Station DWMP-10 
annually in April, from 2008 through 2012. 

• Continued annual monitoring of additional impacted sediments at the Denny Way site (Areas 
C, D, and E) will evaluate natural recovery at the site.  Surface sediment samples will be 
collected annually in April, from 2008 through 2012 from Stations DWMP-14 and DWMP-
15 (Area C), Station DWMP-08 (Area D), and Stations DWMP-01, DWMP-02, and DWMP-
03 (Area E). 

 
Figure 1 summarizes all of the stations that will be sampled under the amended scope of work 
for the Denny Way sediment monitoring program.  The 16 existing stations, which are sampled 
to monitor sediment quality for compliance with the project BO, are shown on the figure in red 
(Stations DWMP-01 through DWMP-16).  As stated above, seven of these stations will also 
monitor the effectiveness of the nearshore interim sediment remediation (DWMP-10) and natural 
recovery (DWMP-01, DWMP-02, DWMP-03, DWMP-08, DWMP-14, and DWMP-15).  The 
seven monitoring stations that will be sampled one time in April 2008, following completion of 
remediation construction activities are shown on the figure in yellow. 
 
The seven stations sampled once in April 2008 (DW-01, DW-03, DW-13, DW-19, DW-33, DW-
34, and LTBC20(J) will be submitted for sediment chemical analysis only.  The 16 existing 
stations (DWMP-01 through DWMP-16) will be sampled for analysis of sediment chemistry and 
benthic community assemblages will be analyzed on eight of those 16 sediment chemistry 
samples.  
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4  SAMPLING DESIGN 
 

The goal of the third year, post-operation sediment monitoring event is to continue evaluating 
sediment quality in the vicinity of the new Elliott West CSO TF outfall and the new, deeper 
Denny Way CSO outfall.  Another goal is to monitor the areas around the perimeter of the 
nearshore sediment remediation area (Areas A and B) to see whether construction activities may 
have dispersed contaminated sediment outside the dredge prism or otherwise negatively 
impacted the area.  The final goal is to continue monitoring sediment quality and natural 
recovery in Areas C, D, and E. 
 
4.1  Data Quality Objectives 
The data quality objectives (DQOs) of the third year, post-operation sediment monitoring event 
are to collect data of sufficient quantity and quality to be able to meet the following monitoring 
objectives: 
 

evaluate the areal extent and spatial variations of sediment chemical concentrations in the 
vicinity of the former Denny Way CSO and the new Elliott West CSO TF and Denny Way 
CSO outfalls; 

• 

• 

• 

• 

• 

• 

evaluate sediment chemical concentrations in the study area relative to the current marine 
sediment quality standards of Chapter 173-204 WAC (Ecology 1995); 

evaluate the benthic community assemblages at eight of the 16 stations from which sediment 
chemistry data have been collected; and 

evaluate spatial differences in benthic community assemblages over the site as well as 
comparing the benthic community assemblages at the study site to regional Puget Sound 
benthic community data. 
evaluate sediment chemical concentrations at seven stations proximal and distal to the 
perimeter of remedial areas A and B, which were sampled prior to commencement of 
remedial construction activities; and 

evaluate sediment chemical concentrations over time with the three natural recovery areas, 
Areas C, D, and E. 

 
The quantity of sediment chemistry data to be collected is based on specifications in the project 
Biological Opinion (NMFS 2000).  One sediment chemistry sample will be collected from each 
of 16 stations and will consist of sediment composited from three separate deployments of a grab 
sampler.  Concurrent benthic taxonomy samples will be collected in triplicate from eight of the 
stations.  Benthic taxonomy data has previously been collected from all 16 of the sediment 
chemistry stations.  A review of all benthic taxonomy data collected to date has indicated that the 
benthos falls into two major communities, based on depth and grain size.  These two groups can 
be successfully monitored through the collection of samples from just eight stations, rather than 
16 as previously done. 
 
Validation of project data will assess whether the data collected are of sufficient quality to meet 
the study goals.  The data quality issues of precision, accuracy, bias, representativeness, 
completeness, comparability, and sensitivity are described in the following sections. 
 
4.1.1  Precision, Accuracy, and Bias 
Precision is the agreement of a set of results among themselves and is a measure of the ability to 
reproduce a result.  Accuracy is an estimate of the difference between the true value and the 
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determined mean value.  The accuracy of a result is affected by both systematic and random 
errors.  Bias is a measure of the difference, due to a systematic factor, between an analytical 
result and the true value of an analyte.  Precision, accuracy, and bias for sediment chemistry and 
benthic taxonomy may be measured by one or more of the following quality control (QC) 
procedures: 
 

• analysis of various laboratory QC samples such as method blanks, matrix spikes, certified 
reference materials, and laboratory duplicates or triplicates for sediment chemistry; 

• collection of sediment chemistry samples composited from three separate grab deployments; 
• analysis of triplicate benthic community samples from each station; and 
• confirmation of species identification by secondary taxonomists during benthic community 

analysis. 
 
4.1.2  Representativeness 
Representativeness expresses the degree to which sample data accurately and precisely represent 
a characteristic of a population, parameter variations at the sampling point, or an environmental 
condition.  Sediment chemistry and benthic taxonomy samples will be collected from stations 
with pre-selected coordinates to represent specific site locations.  Sediment chemistry samples 
will be homogenized to minimize variations in the chemical and physical composition of the 
sediments.  Benthic taxonomy samples will be collected in triplicate at each station.  Concurrent 
sediment chemistry samples will be collected along with each of the three benthic taxonomy 
samples and then composited into a single sample.  Following the guidelines described for 
sampler decontamination, sample acceptability criteria, and sample processing (Section 6) will 
also help ensure that samples are representative. 
 
4.1.3  Completeness 
Completeness is defined as the total number of samples for which acceptable analytical data are 
generated, compared to the total number of samples submitted for analysis.  Adhering to 
standardized sampling and testing protocols will aid in providing a complete set of data for this 
study.  The goal for completeness is 100%.  If 100% completeness is not achieved, the study 
team will evaluate whether the DQOs can still be achieved or if additional samples may need to 
be collected and analyzed. 
 
4.1.4  Comparability 
Comparability is a qualitative parameter expressing the confidence with which one data set can 
be compared with another.  This goal is achieved through using standard techniques to collect 
and analyze representative samples, along with standardized data validation and reporting 
procedures.  By following the guidance of this SAP, the goal of comparability will be achieved. 
 
4.1.5  Sensitivity 
Sensitivity is a measure of the capability of analytical methods to meet study goals.  The 
analytical method detection limits presented in Section 9 are sensitive enough to allow 
comparison of sediment chemistry data to current Ecology and PSDDA sediment quality criteria, 
both normalized to dry weight and to organic carbon, as appropriate. 
 
4.2  Sampling Strategy 
Sediment chemistry samples will be collected from each of the 16 stations at the monitoring site 
that have been sampled since 2001, as well as from the seven perimeter stations that were 
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previously sampled in November 2007, prior to commencement of remedial construction 
activities.  Dual van Veen grab samplers will be deployed in tandem at each station.  For 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 retrieved in each 
of three separate deployments of the grab samplers, and then composited into a single sample.  
Samples at 10 of those 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. 
 
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 samples collected both 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.  For each of the seven perimeter 
stations, sediment will be collected from the top 10 cm of sediment, with the same number of 
grab deployments and compositing regime. 
 
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, and 2007. 
 
The seven perimeter stations that will be sampled once in 2008 for sediment chemistry as part of 
the nearshore sediment remediation monitoring are also shown on figure 2.  Table 4-1 
summarizes the stations, their coordinates, depth strata, and the analyses that will be performed 
at each station. 
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Table 4-1 
Sediment Sampling Stations – Coordinates, Depth Strata and Analyses 
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DWMP-01 228813 1264047 10             
DWMP-02 228770 1263919 10             
DWMP-03 228638 1263846 10             
DWMP-04 228546 1263631 10             
DWMP-05 229041 1263836 10             
DWMP-06 228839 1263542 2             
DWMP-07 228660 1263350 2             
DWMP-08 228907 1263341 2/10             
DWMP-09 228806 1263215 2             
DWMP-10 229326 1263565 10             
DWMP-11 229156 1263272 2             
DWMP-12 228963 1263055 2             
DWMP-13 229640 1263317 10             
DWMP-14 229553 1263228 10             
DWMP-15 229444 1263053 10             
DWMP-16 229353 1262966 10             
DW-01 229703 1263143 10             
DW-03 229529 1263359 10             
DW-13 229363 1263343 10             
DW-19 229150 1263268 10             
DW-33 229130 1263747 10             
DW-34 228952 1263903 10             
LTBC20 229241 1263454 10             

 
4.4  Sample Acquisition and Analytical Parameters 
Chemistry samples will be collected from either the top 2 cm or top 10 cm of sediment recovered 
from three deployments of a van Veen grab sampler.  Samples will be composited, homogenized, 
and split into laboratory containers in the field.  Parameters of interest will include trace metals 
and organic compounds, as well as conventional sediment chemistry and physical properties.  
Analytical parameters have been chosen based on Ecology and ACOE recommendations for 
conducting baseline sediment quality studies (Ecology 1995; ACOE 2000).  Analytical 
parameters for sediment chemistry will include: 
 

• conventionals - percent solids, percent volatile solids, particle size distribution (PSD), total 
organic carbon (TOC), ammonia, and total sulfide; 
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• metals - arsenic, antimony, cadmium, chromium, copper, lead, mercury, nickel, silver, and 
zinc; and 

• organics -  volatile organic compounds (VOCs), base/neutral/acid extractable semivolatile 
organic compounds (BNAs), chlorinated pesticides, and PCBs (the complete list of organic 
parameters is shown in Section 9.3). 

 
Note that the parameters above are those for which the 16 samples collected as part of the long-
term monitoring program will be analyzed.  The seven samples collected in association with the 
nearshore sediment remediation monitoring will be analyzed for a subset of those parameters 
(see Table 4-1).  Benthic taxonomy samples will be collected concurrently with chemistry 
samples from the eight of the 16 study area stations. Each of these sediment samples will consist 
of the entire contents of 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 and 2007 years one and two, 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. 
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5  PROJECT ORGANIZATION AND SCHEDULE 
 
The tasks involved in conducting the third year, post-operation sediment monitoring event at the 
Denny Way/Lake Union CSO Control Project site, along with the post-construction monitoring 
for the Denny Way CSO Nearshore Interim Sediment Cleanup Project, and the King County and 
contracted personnel who will assume responsibility for those tasks are listed below. 
 

• Scott Mickelson  King County Marine and Sediment Assessment Group – (206) 296-8247 
scott.mickelson@kingcounty.gov  Project management, study design, preparation of SAP, 
data validation and analysis, and preparation of final study report. 

• John Blaine  King County Environmental Laboratory – (206) 684-2384 
john.blaine@kingcounty.gov  Coordination of field activities for sediment chemistry and 
benthic taxonomy sampling and field oversight of contract personnel. 

• Fritz Grothkopp  King County Environmental Laboratory – (206) 684-2327   
fritz.grothkopp@kingcounty.gov  Coordination of all King County Environmental 
Laboratory activities, data validation, and data reporting. 

• Allan Fukuyama  University of Washington – (425) 745-3349                              
allanf@u.washington.edu  Coordination of sampling and analytical activities for benthic 
taxonomy analysis. 

• John Phillips  King County Wastewater Treatment Division – (206) 263-6543  
john.phillips@kingcounty.gov  Review of SAP and final study report; coordination of 
nearshore interim sediment cleanup project. 

• Jeff Stern  King County Wastewater Treatment Division – (206) 263-6447 
jeff.stern@kingcounty.gov   Review of SAP and final study report; coordination of King 
County’s long-term sediment management plan. 

 
Field work for the 2008 monitoring event is anticipated to require up to one week of field time 
and will occur in April 2008.  Sediment chemistry results will be available by August 2008.  
Validated chemistry data packages and electronic data files will be ready for release by 
September 2008.  Benthic taxonomy results will be available by November 2008.  The final 
report for this monitoring event will be ready for release in January 2009. 
 

 12

mailto:scott.mickelson@kingcounty.gov
mailto:john.blaine@kingcounty.gov
mailto:fritz.grothkopp@kingcounty.gov
mailto:allanf@u.washington.edu
mailto:john.phillips@kingcounty.gov
mailto:jeff.stern@kingcounty.gov


 

6  SAMPLING PROCEDURES 
 
All sampling will be performed according to guidelines recommended by the Puget Sound 
Estuary Program's (PSEP) Puget Sound Protocols (PSEP 1987,1997a, 1998).  Sediment samples 
will be collected using dual, tandem 0.1 m2 modified, stainless steel van Veen grab samplers 
deployed via hydrowire and hydraulic winch from the King County research vessel Liberty. 
 
Chemistry samples will be collected from the top 2 or 10 cm of sediment.  Sediment will be 
collected from the contents of three deployments of the dual grab samplers.  Sediment chemistry 
samples will be stored on ice in coolers while in the field, then transported to the King County 
Environmental Laboratory at the end of each sampling day. 
 
Benthic organisms will be extracted from the entire contents of each of three replicate grabs.  
Qualified King County Environmental Laboratory and subcontracted personnel will be 
responsible for the sample collection, sieving, and preservation. 
 
Established chain of custody (COC) procedures will be followed for this sampling event. 
 
6.1  Station Positioning 
Station positioning will employ a Trimble® Differential Global Positioning System (DGPS).  
Prior to the monitoring event, the prescribed station coordinates will be entered into the 
shipboard DGPS laptop computer.  During sampling, the shipboard navigational system will 
utilize the differential data transmissions from regional Coast Guard base stations to 
automatically correct its GPS satellite data.  The GPS antenna is boom-mounted above the 
sampler descent line to achieve a more accurate coordinate fix above the sampling point. 
 
Upon contact of the grab sampler with the bottom, the coordinate data representing the actual 
sediment grab impact point will be electronically recorded in real time. Positioning information 
will include local time and date that a position is recorded, comments, and coordinate data in 
both latitude/longitude and NAD 83 State Plane formats. 
 
Previous DGPS usage indicates that an average precision of ± 2 meters can usually be expected.  
Sample collection is expected to take place within a 6-meter radius of each station’s prescribed 
position and samples will not be collected if the grab deployment is outside of this limit.  If 
conditions such as a steep slope or rocky substrate preclude sample collection at a particular 
station, the station may be relocated after consultation with the study coordinator and if 
relocation will not compromise the project goals.  Any station relocation will be documented and 
reported. 
 
6.2  Sampler Deployment and Retrieval 
Two 0.1 m2, modified, stainless-steel van Veen grab samplers will be deployed in tandem at each 
sampling station.  The grab samplers will be lowered at a controlled speed of approximately 4 
feet per second until it is near the bottom, at which time the speed will be decreased to 
approximately 1 foot per second to minimize potential bow-wake activity and subsequent bottom 
disturbance. 
 
After the grabs have tripped upon reaching the bottom, they will be raised slowly to allow gentle 
and complete closure of the sampler jaws, thus avoiding sample disturbance and loss.  Once clear 
of the bottom, the ascent speed will be increased to approximately 4 feet per second.  Care will 
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be taken to ensure that minimal sample disturbance occurs when swinging the grabs on board.  
Collection of undisturbed sediment requires that the grab samplers: 
 

• create a minimal bow wake when descending; 
• form a leak-proof seal upon closure of the jaws; 
• are carefully retrieved to prevent excessive sample disturbance; and 
• allow easy access to the sediment within the grab. 
 
6.3  Sample Acceptability Criteria 
When the grab samplers have been secured on board, the hinged top flaps will be opened and the 
samples examined for acceptability.  Acceptability criteria will include that: 
 

• the grabs are not overfilled to the point where there is evidence of sample loss around the 
access doors; 

• overlying water is present, indicating minimal leakage; 
• overlying water is not excessively turbid, indicating minimal sample disturbance; and 
• a minimum acceptable sample penetration depth of at least 4 cm has been achieved. 
 
Samples collected from the top 2 cm of sediment will require a minimum grab penetration depth 
of 4 cm.  Samples collected from the top 10 cm of sediment will require a minimum grab 
penetration depth of 11 cm.  Care will be taken to extract sediment from the most undisturbed 
center portion of each grab without collecting sediment that has touched the sides or bottom of 
the grab.  Penetration depth will be determined by measuring the depth of sediment within each 
grab by sliding a ruler vertically along the inside of the grab’s side wall after each successful 
cast.  Penetration depth can also be calculated by measuring the space between the sediment’s 
surface within the grab and the top of the grab, then subtracting this vertical distance from 17 
cm, the total inside height of the grab at the center point.  Overlying water within the grab will be 
carefully siphoned off of the sediment surface for all acceptable samples. 
 
6.4  Sample Processing – Sediment Chemistry 
Prior to any subsampling, sediment aliquots will be collected for analysis of volatile organic 
compounds and total sulfide.  The volatile organic compound and total sulfide sample aliquots 
will always be collected from the top 2 cm of sediment in the first grab using a stainless steel 
spoon and then placed directly in the appropriate sample containers without homogenization.  
The remaining top 2 cm of undisturbed sediment will be collected from the first grab, as well as 
the subsequent two grabs, with a stainless steel "cookie cutter" and spatula.  The sediment will 
then be placed in a stainless-steel bowl for homogenization, after which sediment aliquots will be 
transferred to appropriate laboratory containers.   Prior to homogenization, collected sediment 
will be stored covered with aluminum foil in coolers since multiple grab deployments are 
required. 
 
Head space will be left in all lab containers, with the exception of total sulfide and volatile 
organic compounds, to allow further mixing at the laboratory and for expansion should the 
containers be stored frozen.  All sample containers will be stored in insulated, ice-filled coolers 
while in the field.  Total sulfide samples also require the use of a preservative.  After the 4-ounce 
total sulfide lab container has been filled completely, 5 milliliters (ml) of 2N zinc acetate will be 
added to the top of the sediment prior to sealing the container.  All sample containers, storage 
conditions, and hold times are summarized in Table 6-1. 
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Table 6-1 
Sediment Chemistry – Sample Containers, Storage Conditions, and Hold Times 

 
Analyte 

 
Container 

Preferred 
Storage 
Conditions 

 
Hold Time 

Acceptable 
Storage 
Conditions  

 
Hold Time 

Ammonia 
 

4-oz. PP2,3 refrigerate at 4°C 7 days to analyze freeze at -18°C 6 months to analyze 

PSD 
 

16-oz. PP1,3 refrigerate at 4°C 6 months to analyze N/A N/A 

TOC 
 

4-oz. PP3 freeze at -18°C 6 months to analyze refrigerate at 4°C 14 days to analyze 

Percent Solids 
(collect w/ TOC) 

4-oz.PP3 freeze at -18°C 6 months to analyze refrigerate at 4°C 14 days to analyze 

Total Sulfide 4-oz. PP3

no headspace 
refrigerate at 4°C 
w/ 2N Zn acetate 

7 days to analyze N/A N/A 

Volatile Solids 
(collect w/ TOC) 

4-oz. PP3 freeze at -18°C 6 months to analyze refrigerate at 4°C 14 days to analyze 

Mercury 
 

250-ml PP2 freeze at -18°C 28 days to analyze N/A N/A 

Other Metals 
 

250-ml PP freeze at -18°C 2 years to analyze refrigerate at 4°C 6 months to analyze 

BNAs 16-oz. glass freeze at -18°C 1 year to extract 
40 days to analyze 

refrigerate at 4°C 14 days to extract 
40 days to analyze 

Chl. Pest./PCBs 
(collect w/ BNAs) 

16-oz. glass freeze at -18°C 1 year to extract 
40 days to analyze 

refrigerate at 4°C 14 days to extract 
40 days to analyze 

VOCs 
 

4-oz. glass 
no headspace 

refrigerate at 4°C 14 days to analyze N/A N/A 

1One additional 16-oz. PP container should be collected every 10 samples to be used for quality control purposes. 
2PP – polypropylene. 
3PP container is preferred but glass container is also acceptable. 
 
6.5  Sample Processing – Benthic Taxonomy 
Sediment from acceptable grabs will be flushed with ambient seawater through a 1.0-millimeter 
sieve to remove all fine material.  The remaining sediment will then be transferred into 1-liter 
plastic containers using a minimum amount of seawater. 
 
A 10% solution of buffered formalin will be added to the sample to preserve all tissues prior to 
sealing the container.  Samples will be labeled both on the inside and outside of the container, 
then recorded on chain of custody forms, and placed in coolers for at least 24 hours, but not 
exceeding 96 hours, prior to rescreening by contract laboratory personnel. 
 
Benthic samples will be rescreened at the contract laboratory from the 10% buffered formalin 
solution to 70% ethanol as recommended by PSEP protocols (PSEP 1987). 
 
6.6  Sampling Equipment Decontamination 
The grab samplers will be decontaminated between sampling stations by scrubbing with a brush 
and ambient sea water, followed by a thorough in situ rinsing.  A separate stainless-steel bowl, 
cookie cutter, spatula, and spoon will be dedicated to each sampling station, precluding the need 
for decontamination of this equipment in the field. 
 
6.7  Sample Storage and Delivery 
All sample containers will be stored in an insulated cooler containing ice immediately after 
collection to maintain the samples at a temperature of approximately 4o Celsius until delivery to 
the laboratory.  Sample containers from each station will be grouped and placed in plastic bags to 
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facilitate sample receipt and login.  At the end of each sampling day, all samples will be 
transported back to the King County Environmental Laboratory and the benthic taxonomy 
laboratory.   
 
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.”  Each day, all sample information will be recorded on a COC 
form.  This form will be completed in the field and will accompany all 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. 
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7  SAMPLE DOCUMENTATION 
 
Sampling information and sample metadata will be documented using the methods noted below. 
 

• Field sheets generated by King County’s Laboratory Information Management System 
(LIMS) that will include information such as: 

1. sample identification number 
2. station name 
3. station bottom depth 
4. sediment depth (i.e., sampler penetration depth) for each successful grab deployment 
5. physical sediment characteristics 
6. date and time of sample collection 
7. condition and height of tide 
8. name of recorder 

LIMS-generated container labels will identify each container with a unique sample number, 
station and site names, collect date, analyses required, and preservation method. 

• 

• The Liberty’s logbook will contain records of all shipboard activities, destinations, arrival 
and departure times, general weather and positioning information, the names of shipboard 
personnel. 

• The Liberty’s cruise plan will list the prescribed stations to be sampled, along with their 
respective coordinates and other associated locating information. 

• Electronic DGPS coordinate data will be electronically logged for each acceptable grab 
deployment, using both latitude/longitude and NAD 83 State Plane formats. 

• COC documentation will consist of the King County Environmental Laboratory’s standard 
COC form, which is used to track release and receipt of each sample from collection to 
arrival at the lab. 

 
A sample of a typical field sheet used by the King County Environmental Laboratory is included 
as Figure 4. 
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8  FIELD MEASUREMENTS AND OBSERVATIONS  
 
The following field measurements and observations will be recorded on the appropriate field 
sheet/log for each sample: 
 

• sample (bottom) depth -  measured as keel depth by vessel’s fathometer; 
• sediment depth (grab penetration depth) -  measured by ruler inside the grab; 
• sediment sampling range (0 to 2 cm for Stations DWMP-01 through DWMP-16 and 0 to 10 

cm for Stations DW-01, DW-03, DW-13, DW-19, DW-33, DW-34, and LTBC20); 
• sediment type (a mnemonic code indicating color, gross grain size, odor, and debris); 
• tide condition and height; and 
• collect date, collect time, and sampling personnel. 
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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.2

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. 
Volatile Solids SM 2540-G 0.005 0.01 percent wet wt.3

 1Dry-weight MDLs for ammonia, TOC, and sulfide are based on an assumed 50% solids content. 
 2Stored on King County’s LIMS data base in units of mg/Kg but will be reported to SEDQUAL in units of %. 
 3Stored on King County’s LIMS data base in units of percent but will be reported to SEQUAL in units of mg/Kg. 
 
Total solids will be analyzed on all samples to allow normalization of all other sediment 
chemistry data except PSD to dry weight.  Volatile solids will be analyzed to provide an estimate 
of the organic content of the sediment.  Total and volatile solids analyses 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, 
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silt, sand, and gravel.  Results for the clay and silt fractions are also summed to provide a result 
for “percent fines.” 
 
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 
Antimony EPA 3050B/6010B 1.5 7.5 
Arsenic EPA 3050B/6010B 1.25 6.25 
Cadmium EPA 3050B/6010B 0.10 0.50 
Chromium EPA 3050B/6010B 0.125 .625 
Copper EPA 3050B/6010B 0.20 1.0 
Lead EPA 3050B/6010B .75 3.75 
Mercury EPA 7471A 0.005 0.05 
Nickel EPA 3050B/6010B .25 1.25 
Silver EPA 3050B/6010B 0.20 1.0 
Zinc EPA 3050B/6010B 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 2003).  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, PCBs, and volatile organic compounds (VOCs).  The analytical 
methods and detection limits for the target trace organic compounds are summarized in Tables 9-
3 through 9-6 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 
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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 9-7.  These values are based on 
the wet weight detection limits shown in Tables 9-3 and 9-5 and converted using a 
conservatively-low percent solids concentration of 35% and the minimum TOC content that 
would be applicable for organic-carbon normalization (0.5% by dry weight). 
 
9.3.1  BNA Target Analytes and Detection Limits 
The detection limits for the target BNA compounds are summarized in Table 9-3.  These MDLs 
and RDLs are presented on a wet-weight basis and are based on a 40 g extraction with gel 
permeation cleanup and concentration to a final volume of 0.5 ml for analysis.  Note that the 
detection limits can vary if limited sample is available for extraction (less than 30 g) or if 
dilution is required due to elevated analyte concentration(s).  BNA analysis will be performed 
according to EPA methods 3550B/8270C (SW 846), which employ solvent extraction with 
sonication and analysis by gas chromatography/mass spectroscopy (GC/MS). 

 
Table 9-3 

BNA Target Analytes and Detection Limits (µg/Kg wet weight) 
Analyte MDL RDL Analyte MDL RDL 
1,2,4-Trichlorobenzene 0.27 0.53 Chrysene 2.7 5.3 
1,2-Dichlorobenzene 0.27 0.53 Coprostanol 53 106 
1,3-Dichlorobenzene 0.27 0.53 Dibenzo(a,h)anthracene 2.7 5.3 
1,4-Dichlorobenzene 0.27 0.53 Dibenzofuran 2.7 5.3 
2,4-Dimethylphenol 2.7 5.3 Diethyl Phthalate 5.3 10.6 
2-Methylnaphthalene 2.7 5.3 Dimethyl Phthalate 5.3 10.6 
2-Methylphenol 5.3 10.6 Di-N-Butyl Phthalate 5.3 10.6 
4-Methylphenol 5.3 10.6 Di-N-Octyl Phthalate 5.3 10.6 
Acenaphthene 2.7 5.3 Fluoranthene 2.7 5.3 
Acenaphthylene 2.7 5.3 Fluorene 2.7 5.3 
Anthracene 2.7 5.3 Hexachlorobenzene 0.53 1.1 
Benzo(a)anthracene 2.7 5.3 Hexachlorobutadiene 1.3 2.6 
Benzo(a)pyrene 2.7 5.3 Hexachloroethane 2.7 5.3 
Benzo(b)fluoranthene 2.7 5.3 Indeno(1,2,3-cd)pyrene 2.7 5.3 
Benzo(g,h,i)perylene 2.7 5.3 Naphthalene 2.7 5.3 
Benzo(k)fluoranthene 2.7 5.3 N-Nitrosodiphenylamine 5.3 10.6 
Benzoic Acid 13 26 Pentachlorophenol 13.3 26.7 
Benzyl Alcohol 5.3 10.6 Phenanthrene 2.7 5.3 
Benzyl Butyl Phthalate 5.3 10.6 Phenol 5.3 10.6 
Bis(2-Ethylhexyl) Phthalate 5.3 10.6 Pyrene 5.3 10.6 
Caffeine 4.0 8.0 Total 4-Nonylphenol 5.0 10.0 
Carbazole 2.0 4.0    

 
MDLs for BNA compounds, 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 MDLs for BNAs will meet Ecology’s recommended PQLs.  The 
information in Appendix A shows that all dry-weight normalized MDLs for BNA compounds 
meet the SAPA-recommended PQLs at the range of percent solids from 25 to 75%. 
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9.3.2  Chlorinated Pesticide and PCB Target Analytes and Detection Limits 
The detection limits for the target chlorinated pesticides and PCB Aroclors® are summarized in 
Tables 9-4 and 9-5.  These MDLs and RDLs are presented on a wet-weight basis and are based 
on a 20 g extraction with gel permeation cleanup and concentration to a final volume of 0.5 ml 
for PCB analysis and 2.5 ml for pesticides.  Note that the detection limits can vary if limited 
sample is available for extraction (less than 30 g) or if dilution is required due to elevated analyte 
concentration(s).  Chlorinated pesticide/PCB analysis will be performed according to EPA 
methods 3550B/8081A/8082 (SW 846), which employ solvent extraction with sonication and 
analysis by gas chromatography with electron capture detector (GC/ECD) and dual column 
confirmation. 

 
Table 9-4 

Chlorinated Pesticide Target Analytes and Detection Limits (µg/Kg wet weight) 
Analyte MDL RDL Analyte MDL RDL 
4,4'-DDD  1.0 2.0 Endosulfan II  1.0 2.0 
4,4'-DDE  1.0 2.0 Endosulfan Sulfate  1.0 2.0 
4,4'-DDT  1.0 2.0 Endrin  1.0 2.0 
Aldrin  1.0 2.0 Endrin Aldehyde  2.0 4.0 
Alpha-BHC  0.5 1.0 Gamma-BHC (Lindane) 0.5 1.0 
Alpha-Chlordane 0.5 1.0 Gamma-Chlordane  0.5 1.0 
Beta-BHC  0.5 1.0 Heptachlor  0.5 1.0 
Delta-BHC  0.5 1.0 Heptachlor Epoxide  0.5 1.0 
Dieldrin  1.0 2.0 Methoxychlor  5.0 10 
Endosulfan I  1.0 2.0 Toxaphene  10 20 

 
 

Table 9-5 
PCB Target Analytes and Detection Limits (µg/Kg wet weight) 

Analyte MDL RDL Analyte MDL RDL 
Aroclor 1016  1.3 2.6 Aroclor 1248  1.3 2.6 
Aroclor 1221  3.3 6.6 Aroclor 1254  1.3 2.6 
Aroclor 1232  3.3 6.6 Aroclor 1260  1.3 2.6 
Aroclor 1242  1.3 2.6    

 
MDLs for chlorinated pesticides and PCBs, 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 MDLs for chlorinated pesticides and PCBs will meet Ecology’s 
recommended PQLs.  The information in Appendix A shows that dry-weight normalized MDLs 
for chlorinated pesticides and PCB Aroclors meet the SAPA-recommended PQLs at the range of 
percent solids from 25 to 75% with two exceptions.  The dry-weight normalized MDLs for 
Aroclors 1221 and 1232 at 25% and 50% solids exceed the SAPA-recommended PQL of 6 
µg/Kg DW.  This should not prove problematic, however, since the highest dry-weight 
normalized MDL of 13 µg/Kg DW is still a factor of 10 lower than the LAET of 130 µg/Kg DW.    
 
9.3.3  VOC Target Analytes and Detection Limits 
The detection limits for VOC target analytes are summarized in Table 9-6.  These MDLs and 
RDLs are presented on a wet-weight basis and are based on a 5 g purge onto the VOA trap and 
desorbed onto the GC/MS.  Note that the detection limits can vary if limited sample is available 
for purging (less than 5 g) or if dilution is required due to elevated analyte concentration(s).  
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VOC analysis will be performed according to EPA method 8260, which employs a methanol 
extraction diluted in reagent water and introduced via purge and trap to analysis by GC/MS. 
 

Table 9-6 
VOC Target Analytes and 

Detection Limits (µg/Kg wet weight)  
Analyte MDL RDL 
Ethylbenzene 1.0 2.0 
Tetrachloroethene (PCE) 1.0 2.0 
Trichloroethene (TCE) 1.0 2.0 
Total Xylenes 1.0 2.0 

 
MDLs for VOCs, 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 MDLs for VOCs will meet Ecology’s recommended PQLs.  The information in 
Appendix A shows that dry-weight normalized MDLs for VOCs meet the SAPA-recommended 
PQLs at the range of percent solids from 25 to 75% with four exceptions.  The dry-weight 
normalized MDLs for ethylbenzene, PCE, TCE, and total xylenes at 25% solids exceed the 
SAPA-recommended PQL of 3.2 µg/Kg DW.  This should not prove problematic, however, 
since the lowest percent solids detected in samples collected previously at Denny Way has been 
35%, which provides a dry-weight normalized MDL of 2.9 µg/Kg. 
 
9.3.4  Organic-Carbon Normalized Detection Limits 
Table 9-7 shows the organic-carbon normalized detection limits for the non-ionizable organic 
compounds regulated under the SMS, based on a percent solids concentration of 35% and a TOC 
content of 0.5%. 

 
Table 9-7 

Non-Ionizable Organic Compound Detection Limits (mg/Kg OC) 
Analyte MDL RDL Analyte MDL RDL 
2-Methylnaphthalene 1.5 3.0 Pyrene 3.0 6.1 
Acenaphthene 1.5 3.0 1,2,4-Trichlorobenzene 0.15 0.30 
Acenaphthylene 1.5 3.0 1,2-Dichlorobenzene 0.15 0.30 
Anthracene 1.5 3.0 1,4-Dichlorobenzene 0.15 0.30 
Benzo(a)anthracene 1.5 3.0 Hexachlorobenzene 0.30 0.63 
Benzo(a)pyrene 1.5 3.0 Benzyl Butyl Phthalate 3.0 6.1 
Benzo(b)fluoranthene 1.5 3.0 Diethyl Phthalate 3.0 6.1 
Benzo(g,h,i)perylene 1.5 3.0 Dimethyl Phthalate 3.0 6.1 
Benzo(k)fluoranthene 1.5 3.0 Di-N-Butyl Phthalate 3.0 6.1 
Chrysene 1.5 3.0 Bis(2-Ethylhexyl) Phthalate 3.0 6.1 
Dibenzo(a,h)anthracene 1.5 3.0 Di-N-Octyl Phthalate 3.0 6.1 
Fluoranthene 1.5 3.0 Dibenzofuran 1.5 3.0 
Fluorene 1.5 3.0 Hexachlorobutadiene 0.74 1.5 
Indeno(1,2,3-cd)pyrene 1.5 3.0 N-Nitrosodiphenylamine 3.0 6.1 
Naphthalene 1.5 3.0 PCBs (1016, 1242, 1248, 1254, 1260) 0.74 1.5 
Phenanthrene 1.5 3.0 PCBs (1221, 1232) 1.9 3.8 

 
All of the organic carbon normalized MDLs shown in Table 9-7 are below their respective SQS 
chemical criteria from Table I of Chapter 173-204 WAC (Ecology 1995). 
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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 

 
Duplicate 

 
Triplicate 

Matrix 
Spike (MS) 

MS 
Duplicate 

 
SRM/LCS 

 
Surrogates 

Ammonia  Yes No Yes Yes No No No 
PSD No No Yes No No No No 
TOC Yes No Yes Yes No Yes No 
Total Solids  Yes No Yes No No No No 
Total Sulfide Yes No Yes Yes No No No 
Volatile Solids Yes No Yes No No No No 
Mercury Yes Yes No Yes Yes Yes No 
Other Metals Yes Yes No Yes No Yes No 
BNAs Yes Yes No Yes Yes Yes Yes 
Chl. Pesticides Yes Yes No Yes Yes Yes Yes 
PCBs Yes Yes No Yes Yes Yes Yes 
Vol. Organics Yes Yes No Yes Yes No 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 

 
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 
Volatile Solids < MDL N/A RSD < 20% N/A N/A N/A 
Metals  < MDL RPD < 20% N/A 75 - 125% Appendix B N/A 
BNAs < MDL RPD < 35% N/A Appendix B Appendix B Appendix B 
Chl. Pesticides < MDL RPD < 35% N/A Appendix B Appendix B Appendix B 
PCBs < MDL RPD < 35% N/A Appendix B Appendix B Appendix B 
Vol. Organics <MDL RPD < 35% N/A Appendix B N/A 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. 
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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 
included as Appendix B.  QC results that exceed the acceptance limits will be evaluated to 
determine appropriate corrective actions.  Samples will typically be reanalyzed if the 
unacceptable QC results indicate a systematic problem with the overall analysis.  Unacceptable 
QC results caused by a particular sample or matrix will not require reanalysis unless an allowed 
method modification would improve the results. 
 
Analytical results that do not meet QA1 acceptance criteria will be qualified and flagged 
according to QA1 data validation guidance (Ecology 1989).  Data qualifier flags and their 
interpretations are presented in Table 11-3. 
 

Table 11-3 
Data Qualifier Flags and QA1 Acceptance Criteria  

 
Condition to Qualify 

 
Flag 

Organics 
QC Limits 

Metals 
QC Limits 

Conventionals 
QC Limits 

Very low matrix spike recovery X <10 % < 10 % <10 % 
Low matrix spike recovery  G Appendix B < 75% <65 - 75% 
High matrix spike recovery L Appendix B >125% >125 - 135% 
Low SRM/LCS recovery G Appendix B Appendix B <80% 
High SRM/LCS recovery L Appendix B Appendix B >120% 
High duplicate RPD E >35 % >20% N/A 
High triplicate RSD E N/A N/A >20% 
Less than the reporting detection limit <RDL RDL RDL RDL 
Less than the method detection limit <MDL MDL MDL MDL 
Contamination in method blank B >MDL > MDL >MDL 
Very biased data, low surrogate recoveries X <10% N/A N/A 
Biased data, low surrogate recoveries G Appendix B N/A N/A 
Biased data, high surrogate recoveries L Appendix B N/A N/A 
Rejected, unusable for all purposes R    
A sample handling criterion has been exceeded H    

The individual surrogate recovery is used for all organic analyses with the following exception – for BNA analysis, one surrogate 
recovery per fraction is allowed to be outside acceptance limits without causing the associated sample data to be flagged. 
Sample handling criteria include an exceedance of hold time and incorrect preservation, container, or storage conditions. 
 
11.2  Benthic Taxonomy QA/QC 
The contractor for benthic taxonomic analysis will follow recommended PSEP guidelines for 
QA/QC  (PSEP 1987).  Benthic taxonomy QC will involve: 
 

• independent verification by a qualified regional expert of 5% of the samples from each major 
taxonomic group; and 

• the resorting of 20% of each processed sample by a different taxonomist to check for sorting 
efficiency and accuracy.  The similarity index between the original and resorted sample 
results must be within the acceptance limits of the contract laboratory. 
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12  DATA REPORTING AND RECORD KEEPING 
 

All project data will be reported to the following agencies as specified in the Biological Opinion: 
 

• King County Department of Natural Resources, Wastewater Treatment Division 
• National Marine Fisheries Service 
• United States Fish and Wildlife Service 
• United States Environmental Protection Agency 
• Washington State Department of Natural Resources 
• Washington State Department of Ecology 
 
12.1  Sediment Chemistry Data 
All sediment chemistry data will be reported in QA1 format (Ecology 1989).  The final QA1 
report will contain the following information and deliverables: 
 

• a QA1 narrative discussing data quality in relation to study objectives and data criteria; 
• all associated QC data (LIMS QC reports and worklists);  
• copies of field sheets and COC forms; and 
• a comprehensive report containing all analytical and field data (including data qualifier 

flags). 
 
12.2  Benthic Taxonomy Data 
The mean abundance and richness of each major taxon at the benthic taxonomy stations (at three 
replicates per station) will be reported.  Various diversity indices will also be calculated for each 
station.  Data will be compared to regional Puget Sound benthic data.  A narrative explaining the 
results, including any anomalies and statistical evaluations, will be included. 
 
12.3  Final Report and SEDQUAL Files 
A final monitoring report will be prepared that will include a presentation and interpretation of 
the sediment chemistry and benthic taxonomy results.  The report will compare sediment 
chemistry results to published sediment quality chemical criteria (ACOE 2000; Ecology 1995) as 
well as regional Puget Sound values in order to provide an evaluation of year one, post-
construction sediment quality around the new CSO outfalls.  Benthic taxonomy data will be 
compared to regional Puget Sound benthic data.  The report narrative will include summary 
tables of sediment chemistry and benthic taxonomy results.  Complete data packages and the 
QA1 review will be included as report appendices.  The chemistry data will be also reported in 
SEDQUAL format (latest version) for delivery to Ecology. 
 
12.4  Record Keeping 
All field and sampling records, custody documents, raw lab data, and summaries and narratives 
will be archived according to King County Environmental Laboratory policy, for a minimum of 
10 years from the date samples were collected.  Interpretative reports and memoranda, along 
with all chemistry data, benthic taxonomy data, and their respective data analysis project 
narratives and reports will be stored in project files for a minimum of 10 years from the date 
samples were collected.  Appendix C includes LIMS “product names” and “list types” under 
which analytical data will be stored. 
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13  PROJECT HEALTH AND SAFETY 
 

The following general health and safety guidelines have been provided in lieu of a site-specific 
Health and Safety Plan.  These guidelines will be read and understood by all members of the 
sampling crew. 
 

• All crew of the research vessel will have received annual vessel safety training, which will 
include proper chain of communication, equipment operation, and safe boating practices. 

• Samplers will wear chemical-resistant gloves when coming into contact with sediment. 
• No eating or drinking by sampling personnel will be allowed during sampling operations. 
• All sampling operations will be conducted during daylight hours. 
• All accidents, “near misses,” and symptoms of possible exposure will be reported to a crew 

member’s supervisor within 24 hours of occurrence. 
• All crew members will be aware of the potential hazards associated with any chemicals used 

during the sampling effort. 
 
Several hazards are inherent to marine sediment sampling.  General vessel safety, physical 
hazards unique to sediment grab sampling, and chemical hazards are discussed in sections 13.1 
through 13.3. 
 
13.1  General Vessel Safety 
To help prevent accidents and ensure adequate preparation for emergencies that may possibly 
arise, the following safety equipment will be required on the Liberty: 
 

• one personal floatation device for each crew member as well as at least one throwable 
floatation device; 

• an accessible, clearly labeled, fully stocked first-aid/CPR kit; 
• an accessible and clearly-labeled eye wash; 
• one (preferably two) VHF marine radio(s) with weather channel; 
• a cellular telephone; 
• a horn; 
• navigation lights; 
• an emergency life raft with oars or paddles; 
• an anchor and suitable line; 
• signal flares; and 
• a reach pole or shepherd's hook. 
 
Personal protective equipment will be selected and used that will protect workers involved in 
sediment sampling from the hazards and potential hazards likely to be encountered.  Minimum 
required personal protective equipment for marine sediment sampling shall include the 
following: 
 

• hard hat; 
• steel-toed rubber boots; 
• chemical-resistant gloves (i.e. Nitrile); and 
• safety glasses (safety glasses will be available for use if sediment characteristics indicate the 

possible presence of hazardous chemicals; i.e., sheen or petroleum/solvent odor). 
 
Recommended additional personal protective equipment will include rain gear and hearing 
protection when on board the Liberty. 
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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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APPENDIX A 
TRACE METAL AND TRACE ORGANIC DRY-WEIGHT NORMALIZED 

METHOD DETECTION LIMITS (MDLS) COMPARED TO 
RECOMMENDED PRACTICAL QUANTITATION LIMITS (PQLS) 

TABLES A-1 THROUGH A-5 



 

Table A-1 
Dry-Weight Normalized MDLs for Trace Metals 
Compared to SAPA PQLs (all values in mg/Kg) 

 
Trace Metal 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

Antimony 1.5 6.0 3.0 2.0 50 
Arsenic 1.25 5 2.5 1.7 19 
Cadmium 0.10 0.40 0.20 0.13 1.7 
Chromium 0.125 0.50 0.25 .17 87 
Copper 0.20 0.80 0.40 0.27 130 
Lead 0.75 3.0 1.5 1.0 150 
Mercury 0.005 0.020 0.010 0.0067 0.14 
Nickel 0.25 1.0 0.50 0.33 47 
Silver 0.20 0.80 0.40 0.27 2 
Zinc 0.25 1.0 0.50 0.33 137 
WW MDL – Nominal wet weight method detection limit from Table 9-2. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
All dry-weight normalized MDLs for trace metals meet the SAPA-recommended PQLs at the range of percent solids from 
25 to 75%. 



 

Table A-2 
Dry-Weight Normalized MDLs for BNAs 

Compared to SAPA PQLs (all values in µg/Kg) 
 
BNA 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

1,2,4-Trichlorobenzene 0.27 1.1 0.54 0.36 31 
1,2-Dichlorobenzene 0.27 1.1 0.54 0.36 35 
1,3-Dichlorobenzene 0.27 1.1 0.54 0.36 37 
1,4-Dichlorobenzene 0.27 1.1 0.54 0.36 37 
2,4-Dimethylphenol 2.7 11 5.4 3.6 29 
2-Methylnaphthalene 2.7 11 5.4 3.6 223 
2-Methylphenol 5.3 21 11 7.1 63 
4-Methylphenol 5.3 21 11 7.1 223 
Acenaphthene 2.7 11 5.4 3.6 167 
Acenaphthylene 2.7 11 5.4 3.6 433 
Anthracene 2.7 11 5.4 3.6 320 
Benzo(a)anthracene 2.7 11 5.4 3.6 433 
Benzo(a)pyrene 2.7 11 5.4 3.6 533 
Benzo(b)fluoranthene 2.7 11 5.4 3.6 1,067 
Benzo(g,h,i)perylene 2.7 11 5.4 3.6 223 
Benzo(k)fluoranthene 2.7 11 5.4 3.6 1,067 
Benzoic Acid 13 52 26 17 217 
Benzyl Alcohol 5.3 21 11 7.1 57 
Benzyl Butyl Phthalate 5.3 21 11 7.1 21 
Bis(2-Ethylhexyl) Phthalate 5.3 21 11 7.1 433 
Caffeine 4.0 16 8 5.2 -- 
Carbazole 2.0 8.0 4.0 2.6 -- 
Chrysene 2.7 11 5.4 3.6 467 
Coprostanol 53 210 110 71 -- 
Dibenzo(a,h)anthracene 2.7 11 5.4 3.6 77 
Dibenzofuran 2.7 11 5.4 3.6 180 
Diethyl Phthalate 5.3 21 11 7.1 67 
Dimethyl Phthalate 5.3 21 11 7.1 24 
Di-N-Butyl Phthalate 5.3 21 11 7.1 467 
Di-N-Octyl Phthalate 5.3 21 11 7.1 2,067 
Fluoranthene 2.7 11 5.4 3.6 567 
Fluorene 2.7 11 5.4 3.6 180 
Hexachlorobenzene 0.53 2.1 1.1 0.71 22 
Hexachlorobutadiene 1.3 5.2 2.6 1.7 11 
Hexachloroethane 2.7 11 5.4 3.6 47 
Indeno(1,2,3-cd)pyrene 2.7 11 5.4 3.6 200 
Naphthalene 2.7 11 5.4 3.6 700 
N-Nitrosodiphenylamine 5.3 21 11 7.1 28 
Pentachlorophenol 13 52 26 17 120 
Phenanthrene 2.7 11 5.4 3.6 500 
Phenol 5.3 21 11 7.1 140 
Pyrene 5.3 21 11 7.1 867 
Total 4-Nonylphenol 5.0 20 10 6.7 -- 
WW MDL – Nominal wet weight method detection limit from Table 9-3. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003a). 
 
All dry-weight normalized MDLs for BNA compounds meet the SAPA-recommended PQLs at the range of percent solids 
from 25 to 75%. 



 

Table A-3 
Dry-Weight Normalized MDLs for Chlorinated Pesticides 

Compared to SAPA PQLs (all values in µg/Kg) 
 
Pesticide 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

4,4'-DDD  1.0 4 2 1.3 3.3 
4,4'-DDE  1.0 4 2 1.3 2.3 
4,4'-DDT  1.0 4 2 1.3 6.7 
Aldrin  1.0 4 2 1.3 1.7 
Alpha-BHC  0.5 2 1 0.7 -- 
Alpha-Chlordane 0.5 2 1 0.7 1.7 
Beta-BHC  0.5 2 1 0.7 -- 
Delta-BHC  0.5 2 1 0.7 -- 
Dieldrin  1.0 4 2 1.3 2.3 
Endosulfan I  1.0 4 2 1.3 -- 
Endosulfan II  1.0 4 2 1.3 -- 
Endosulfan Sulfate  1.0 4 2 1.3 -- 
Endrin  1.0 4 2 1.3 -- 
Endrin Aldehyde  2.0 8 4 2.7 -- 
Gamma-BHC (Lindane)  0.5 2 1 0.7 1.7 
Gamma-Chlordane  0.5 2 1 0.7 1.7 
Heptachlor  0.5 2 1 0.7 1.7 
Heptachlor Epoxide  0.5 2 1 0.7 -- 
Methoxychlor  5.0 20 10 6.7 -- 
Toxaphene  10 40 20 13 -- 
WW MDL – Nominal wet weight method detection limit from Table 9-4. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 

 
All dry-weight normalized MDLs for chlorinated pesticides meet the SAPA-recommended PQLs at the range of percent 
solids from 50 to 75%.  Except for DDT, all dry-weight normalized MDLs are above the SAPA-recommended 
PQL at 25% total solids. 

 
 

Table A-4 
Dry-Weight Normalized MDLs for PCBs 

Compared to SAPA PQLs (all values in µg/Kg) 
 
PCB 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

Aroclor 1016 1.3 5.2 2.6 1.7 6 
Aroclor 1221 3.3 13 6.6 4.4 6 
Aroclor 1232 3.3 13 6.6 4.4 6 
Aroclor 1242 1.3 5.2 2.6 1.6 6 
Aroclor 1248 1.3 5.2 2.6 1.7 6 
Aroclor 1254 1.3 5.2 2.6 1.7 6 
Aroclor 1260 1.3 5.2 2.6 1.7 6 
WW MDL – Nominal wet weight method detection limit from Table 9-5. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
Dry-weight normalized MDLs for PCB Aroclors meet the SAPA-recommended PQLs at the range of percent solids from 
25 to 75% with two exceptions.  The dry-weight normalized MDLs for Aroclors 1221 and 1232 at 25% and 50% solids 
exceed the SAPA-recommended PQL of 6 µg/Kg DW.     



 

Table A-5 
Dry-Weight Normalized MDLs for VOCs 

Compared to SAPA PQLs (all values in µg/Kg) 
 
VOC 

 
WW MDL 

DW MDL 
25% 

DW MDL 
50% 

DW MDL 
75% 

DW SAPA 
PQL 

Ethylbenzene 1.0 4.0 2.0 1.3 3.2 
Tetrachloroethene (PCE) 1.0 4.0 2.0 1.3 3.2 
Trichloroethene (TCE) 1.0 4.0 2.0 1.3 3.2 
Total Xylenes 1.0 4.0 2.0 1.3 3.2 
WW MDL – Nominal wet weight method detection limit from Table 9-6. 
DW MDL – Dry-weight normalized method detection limit based on percent solids content of 25, 50, and 75%. 
DW SAPA PQL – Recommended practical quantitation limit from Sampling and Analysis Plan Appendix (Ecology 2003). 
 
Dry-weight normalized MDLs for VOCs meet the SAPA-recommended PQLs at the range of percent solids from 25 to 
75% with four exceptions.  The dry-weight normalized MDLs for ethylbenzene, PCE, TCE, and total xylenes at 25% 
solids exceed the SAPA-recommended PQL of 3.2 µg/Kg DW. 
 

 



 

 
 
 
 
 
 
 
 
 

APPENDIX B 
TRACE METAL AND TRACE ORGANIC QC LIMITS 

TABLES B1 – B10 



 

Table B-1a 
Laboratory QC Limits for Sediment Metals – SRM Recoveries (PACS-2) 

Parameter                        Lower Limit (%) Upper Limit (%) 
Chromium  30 70 
Copper  78 118 
Lead  74 114 
Mercury  80 120 
Nickel 51 91 
Zinc  73 113 

 
Table B-1b 

Laboratory QC Limits for Sediment Metals – LCS Recoveries (ERA Soil) 
Parameter                        Lower Limit (%) Upper Limit (%) 
Antimony 10 211 
Arsenic 80 120 
Cadmium 80 120 
Chromium 79 121 
Copper 80 120 
Lead 80 120 
Nickel 80 120 
Silver 66 134 
Zinc  79 121 

  No QA1 flagging occurs as a result of LCS recoveries being outside of control limits. 
 

Table B-2 
Laboratory QC Limits for Sediment BNAs, Matrix Spike Recoveries 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

1,2,4-Trichlorobenzene           10 115 Chrysene                         14 184 
1,2-Dichlorobenzene              10 105 Coprostanol                      10 183 
1,3-Dichlorobenzene              10 103 Di-N-Butyl Phthalate             10 194 
1,4-Dichlorobenzene              10 104 Di-N-Octyl Phthalate             52 151 
2,4-Dimethylphenol               10 150 Dibenzo(a,h)anthracene           10 166 
2-Methylnaphthalene              22 112 Dibenzofuran                     21 134 
2-Methylphenol                   10 142 Diethyl Phthalate                31 150 
4-Methylphenol                   10 163 Dimethyl Phthalate               13 162 
Acenaphthene                     25 130 Fluoranthene                     12 188 
Acenaphthylene                   27 132 Fluorene                         22 147 
Anthracene                       10 181 Hexachlorobenzene                18 151 
Benzo(a)anthracene               32 168 Hexachlorobutadiene              10 97 
Benzo(a)pyrene                   10 200 Hexachloroethane                 10 89 
Benzo(b)fluoranthene             10 199 Indeno(1,2,3-Cd)Pyrene           10 177 
Benzo(g,h,i)perylene             10 173 N-Nitrosodiphenylamine           10 169 
Benzo(k)fluoranthene             10 192 Naphthalene                      12 97 
Benzoic Acid                     10 158 Pentachlorophenol                17 170 
Benzyl Alcohol                   10 138 Phenanthrene                     10 200 
Benzyl Butyl Phthalate           41 145 Phenol                           10 127 
Bis(2-Ethylhexyl)Phthalate       10 189 Pyrene                           20 174 

 



 

Table B-3 
Laboratory QC Limits for Sediment BNAs, Blank Spike Recoveries 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

 
Parameter 

Lower Limit 
(%) 

Upper Limit 
(%) 

1,2,4-Trichlorobenzene           13 110 Chrysene                         69 111 
1,2-Dichlorobenzene              10 116 Coprostanol                      10 159 
1,3-Dichlorobenzene              18 95 Di-N-Butyl Phthalate             17 180 
1,4-Dichlorobenzene              21 99 Di-N-Octyl Phthalate             10 200 
2,4-Dimethylphenol               10 81 Dibenzo(a,h)anthracene           53 129 
2-Methylnaphthalene              22 99 Dibenzofuran                     37 97 
2-Methylphenol                   16 91 Diethyl Phthalate                51 118 
4-Methylphenol                   10 125 Dimethyl Phthalate               38 114 
Acenaphthene                     29 102 Fluoranthene                     55 132 
Acenaphthylene                   31 101 Fluorene                         39 106 
Anthracene                       45 114 Hexachlorobenzene                40 111 
Benzo(a)anthracene               69 117 Hexachlorobutadiene              10 97 
Benzo(a)pyrene                   15 137 Hexachloroethane                 17 92 
Benzo(b)fluoranthene             50 121 Indeno(1,2,3-Cd)Pyrene           51 132 
Benzo(g,h,i)perylene             46 126 N-Nitrosodiphenylamine           11 148 
Benzo(k)fluoranthene             58 128 Naphthalene                      17 94 
Benzoic Acid                     10 170 Pentachlorophenol                38 124 
Benzyl Alcohol                   10 119 Phenanthrene                     57 104 
Benzyl Butyl Phthalate           15 183 Phenol                           10 107 
Bis(2-Ethylhexyl)Phthalate       10 182 Pyrene                           48 132 

 
Table B-4 

Laboratory QC Limits for Sediment BNAs, Surrogate Recoveries 
Parameter                        Lower Limit (%) Upper Limit (%) 
2,4,6-Tribromophenol             29 112 
2-Fluorophenol                   10 112 
d5-Phenol                        10 106 
d5-Nitrobenzene                  28 94 
d4-2-Chlorophenol                11 105 
d4-1,2-Dichlorobenzene           24 91 
2-Fluorobiphenyl                 31 101 
d14-Terphenyl                    51 130 



 

Table B-5 
Laboratory QC Limits for Sediment BNAs, SRM Recoveries 

Parameter                        Lower Limit (%) Upper Limit (%) 
Anthracene                       28 98 
Benzo(a)anthracene               66 124 
Benzo(a)pyrene                   60 116 
Benzo(b)fluoranthene             52 190 
Benzo(g,h,i)perylene             15 121 
Benzo(k)fluoranthene             60 146 
Chrysene                         77 136 
Dibenzo(a,h)anthracene           10 200 
Fluoranthene                     45 126 
Indeno(1,2,3-Cd)Pyrene           33 121 
Naphthalene                      10 29 
Phenanthrene                     51 106 
Pyrene                           36 135 

 
Table B-6 

Laboratory QC Limits for Sediment Pesticides and PCBs 
Matrix Spike Recoveries 

Parameter Lower Limit (%) Upper Limit (%) 
4,4'-DDD 41 157 
4,4'-DDE 59 125 
4,4'-DDT 50 144 
Aldrin 61 119 
Alpha-BHC 59 111 
Aroclor 1016 43 176 
Aroclor 1260 13 198 
Beta-BHC 60 119 
Delta-BHC 54 126 
Dieldrin 60 139 
Endosulfan I 64 113 
Endosulfan II 36 146 
Endosulfan Sulfate  46 113 
Endrin 62 166 
Endrin Aldehyde  10 66 
Gamma-BHC (Lindane)  61 135 
Heptachlor  52 157 
Heptachlor Epoxide 61 118 
Methoxychlor  53 129 



 

Table B-7 
Laboratory QC Limits for Sediment Pesticides and PCBs 

Blank Spike Recoveries 
Parameter Lower Limit (%) Upper Limit (%) 
4,4'-DDD 78 121 
4,4'-DDE 75 111 
4,4'-DDT 57 145 
Aldrin 28 113 
Alpha-BHC 20 99 
Aroclor 1016 35 111 
Aroclor 1260 47 146 
Beta-BHC 66 102 
Delta-BHC 63 108 
Dieldrin 58 139 
Endosulfan I 62 104 
Endosulfan II 72 109 
Endosulfan Sulfate 61 104 
Endrin 60 160 
Endrin Aldehyde 0 77 
Gamma-BHC (Lindane) 27 130 
Heptachlor 20 137 
Heptachlor Epoxide 59 107 
Methoxychlor 72 131 

 
Table B-8 

Laboratory QC Limits for Sediment Pesticides and PCBs 
SRM and Surrogate Recoveries 

Parameter                        Lower Limit (%) Upper Limit (%) 
4,4'-DDT                         10 200 
Alpha-Chlordane                  48 144 
Aroclor 1254 57 139 
Decachlorobiphenyl 43 160 
2,4,5,6-Tetrachloro-m-xylene 35 144 

 
Table B-9 

Laboratory QC Limits for Sediment VOCs, Matrix Spike Recoveries 
Parameter                        Lower Limit (%) Upper Limit (%) 
1,1,2-Trichloroethene          35 118 
Ethylbenzene                     70 130 
Tetrachloroethene              70 130 
Total Xylenes                    70 130 

 
Table B-10 

Laboratory QC Limits for Sediment VOCs, Surrogate Recoveries 
Parameter                        Lower Limit (%) Upper Limit (%) 
4-Bromofluorobenzene 91 107 
d4-1,2-Dichloroethane 76 120 
d8-Toluene 88 105 



 

 
 
 
 
 
 
 
 
 
 

APPENDIX C 
LABORATORY INFORMATION MANAGEMENT SYSTEM (LIMS) 

PRODUCTS AND LIST TYPES 
TABLE C-1



 

Table C-1 
King County Environmental Laboratory 

Laboratory Information Management System (LIMS) 
LIMS Products and List Types 

Parameter LIMS Product LIMS List Type 
Ammonia  NH3-KCL CVNH3-KCL 
PSD PSD CVPSD 
TOC TOC CVTOC 
Total Solids TOTS CVTOTS 
Total Sulfide TOTSULFIDE CVTOTSULFIDE 
Volatile Solids TVS CVTVS 
Mercury by CVAA HG-CVAA MTHG-MIDS, 6-SED 
Other Metals by ICP AS-ICP, CD-ICP, CR-ICP, CU-ICP, 

PB-ICP, AG-ICP, ZN-ICP 
MTICP-SED, 6-SED 

BNAs (low-level) BNASMS ORBNASMS 
Chlorinated Pesticides (low-level) PESTLL ORPESTLL 
PCBs (low-level) PCBLL ORPCBLL 
VOCs VOA-GC/MS-LOWSED ORVOA-LOWSED 

CVAA – Cold vapor atomic absorption spectroscopy. 
ICP – Inductively coupled plasma optic emission spectroscopy. 
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INTRODUCTION 
 

This quality assurance (QA) narrative is intended to document the QA review conducted on the 
chemistry analyses performed for the Denny Way CSO and Elliott West CSO Nearshore 
Sediment Remediation Pre Dredging Perimeter Monitoring Event.  The QA narrative is organized 
into the five sections listed below. 
 
• General Comments 
• Sample Collection 
• Conventional Analyses 
• Metal Chemistry 
• Organic Chemistry 
 
An overview of the approach used for the QA review is detailed in the General Comments 
section.  Additional information specific to each analysis is included in the appropriate analytical 
section.   
 
This QA review and narrative (specifically defined as QA1) have been conducted in accordance 
with guidelines established through the Puget Sound Dredged Disposal Analysis (PSDDA) 
program, Sediment Management Standards (WAC 173-204-610) and the Sediment Sampling and 
Analysis Appendix (SAPA), WDOE 2003.  Other approaches incorporated in the QA review have 
been established through collaboration between the King County Environmental Laboratory (KC 
Laboratory) and the Washington State Department of Ecology (Ecology) Sediment Management 
Unit. 
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GENERAL COMMENTS 
 

Scope of Samples Submitted 
This QA review is associated with marine sediment samples collected on November 14, 2007 as 
part of the Denny Way CSO and Elliott West CSO Nearshore Sediment Remediation Pre 
Dredging Perimeter Monitoring Event. 
 
Except where noted in the subcontracting sections of this QA review, all analyses have been 
conducted by the King County Environmental Laboratory (KCEL).  Sediment analytical data are 
reported with associated data qualifiers and have undergone QA1 review, as summarized in this 
narrative report. 
 
Completeness 
Completeness has been evaluated for this data submission and QA review by considering the 
following criteria: 
 
• Comparing reported data to the planned project analyses summarized in Table 1. 
• Compliance with storage conditions and holding times. 
• Frequency of analysis of the complete set of quality control (QC) samples outlined in Table 2. 
 
Subcontracted Analyses 
Analyses that have been subcontracted and the issues associated with these subcontracted 
analyses are noted in this narrative. 
 
Methods 
Analytical methods are noted in the applicable analytical sections of this QA review. 
 
Target Lists 
The reported target lists have been compared to the target analytes listed in Table 1 - Marine 
Sediment Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment 
Cleanup Screening Levels Chemical Criteria contained in Chapter 173-204 WAC.  
 
Detection Limits  
As part of the QA1 review, the detection limits reported for each parameter have been reviewed 
against the detection limit requirements defined in the SAP.  When sample results have been 
reported as less than the Method Detection Limit (<MDL) and the associated detection limits are 
higher than those defined in the SAP, the particular samples and parameters have been identified 
and the circumstances explained.  These summaries are included with each analytical section of 
this QA review. 
 
 The KC Laboratory reports include both the reporting detection limit (RDL) and the method 
detection limit (MDL) for each sample and parameter, where applicable.  The RDL is defined as 
the minimum concentration of a chemical constituent that can be reliably quantified while the MDL 
is defined as the minimum concentration of a chemical constituent that can be detected. Some 
subcontracted laboratory data are available with an MDL only, in accordance with the 
subcontracting laboratory policies.  For some methods the detection limits reported may vary from 
sample to sample depending on the amount of sample analyzed and any additional dilutions 
required. 
 
Storage Conditions and Holding Times 
Storage conditions and holding times have been evaluated using guidelines defined in the project 
SAP.  Preparation and analysis holding times for each method are summarized in each analytical 
section. 
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Method Blanks 
Method blank results have been used to evaluate the possible laboratory contamination of 
samples.  Method blank results have been reviewed for the presence of analytes detected at or 
greater than the MDL.  For analytes where the method blank response was at or above the MDL 
all associated sample results have been qualified with a B flag. 
 
Standard Reference Materials  
Standard reference material (SRM) recoveries have been used to evaluate possible low or high 
analytical bias on a batch-specific basis. SRM analysis is included with metals and selected 
organic and conventional parameters (see Table 2).  SRMs are purchased from outside agencies 
(NIST or NRCC) and must have a certified analyte value in order for a particular parameter to be 
evaluated.  All associated sample results for the certified analytes are flagged if the SRM 
recoveries are unacceptable.  Associated sample results are flagged with an L whenever 
recoveries are measured above the acceptance limits and are flagged with a G when recoveries 
are measured below the acceptance limits.   
 
Matrix Spikes 
Matrix spike recoveries have been used to evaluate possible low or high analytical bias on a 
matrix and batch-specific basis.  Matrix spikes are analyzed with metals, organics and selected 
conventionals parameters (see Table 2). Associated sample results are flagged with an L 
whenever recoveries are measured above the acceptance limits and are flagged with a G when 
recoveries are measured below the acceptance limits (but at or above 10%).  Associated results 
are flagged with an X whenever recoveries are less than 10%. 
 
For Metals only, matrix spike recovery results are used to qualify sample data only when the 
sample levels in the spiked sample are less than 4 times the spiked concentration.  High sample 
levels relative to the spiked concentration can compromise the measurement of accurate spike 
recoveries. 
 
Laboratory Replicate Samples  
Replicate analysis (laboratory duplicates or triplicates) is used as an indicator of method precision 
and is used to qualify data on an analyte and batch-specific basis.  Not all replicate data are 
used, however, as an indicator for data qualification.  Only sets of replicate results which include 
at least one result greater than the RDL are considered for data qualification.  These guidelines 
have been used to account for the fact that precision obtained near the detection limit is not 
representative of precision obtained throughout the entire analytical range. Associated results are 
flagged with an E whenever the measured precision is unacceptable (greater than the 
acceptance limit). 
 
Surrogates 
Surrogate recoveries have been used to evaluate possible low or high analytical bias on a 
sample-specific basis.  Surrogates are only analyzed for organic parameters. Individual sample 
results are flagged with an L whenever recoveries are measured above the acceptance limits and 
are flagged with a G when recoveries are measured below the acceptance limits (but at or above 
10%).  Associated results are flagged with an X whenever recoveries are less than 10%. 
 
Data Qualifiers 
The data qualification guidelines described above has been summarized in Table 3.  This table 
conforms to the guidelines in the 2003 SAPA and also shows the data qualifiers used for the 
Sedqual electronic data format. 
 
Units and Significant Figures 
Units and the reporting basis vary, depending on the parameter and are explained in the 
analytical sections below.   Data generally have been reported to three significant figures if above 
the RDL and two significant figures if equal to or below the RDL.   
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SAMPLE COLLECTION 
 
This section describes sampling activities associated with the collection of 8 marine sediment 
samples on November 14, 2007.  All sampling was conducted by Anchor Environmental, LLC.  All 
sampling activities were conducted following guidance suggested in the Puget Sound Protocols 
(PSEP, 1996 and 1998). 
 
Sampling Locations and Station Positioning 
Sampling locations (stations) were selected and the prescribed coordinates determined prior to 
field activities.  The prescribed station coordinates are presented in the following table.  Also 
presented in the table are the actual coordinates recorded during sampling activities.  All station 
coordinates are recorded in state plane coordinate system North American Datum 1983 (NAD83). 
 

SEDIMENT GRAB SAMPLING POINTS, November 2007 
  
Lab 
Number 

Locator Cast 
# 

Grabs 
Accepted 

Prescribed 
Northing 

Actual 
Northing 

Prescribed 
Easting 

Actual 
Easting 

L44480-1 DW-01   229703  1263143  
  1 1  229693  1263149 
L44480-2 DW-03   229529  1263359  
  1 1  229533  1263359 
  2 1  229533  1263363 
L44480-3 DW-13   229363  1263343  
  1 1  229351  1263347 
L44480-4 DW-19   229150  1263268  
  1 1  229147  1263266 
L44480-5 DW-33   229130  1263747  
  1 1  229110  1263731 
L44480-6 DW-34   228952  1263903  
  1 1  228918  1263869 
L44480-7 LTBC20 (J)   229246  1263461  
  1 1  229253  1263461 
L44480-8 LTBC20 (J)   229246  1263461  
 (Field Rep) 1 1  229234  1263460 
 
Sediment grab samples were collected from the Anchor Environmetnal research vessel RV 
Roostertail, which is equipped with a differential global positioning system (DGPS).  Field 
coordinates were recorded using DGPS for each deployment grab sampler as it contacted the 
sediment.  All field coordinates for individual casts listed in the above table are within the +/- 6 
meter accuracy limits, as defined in the SAP, with the following exceptions.  The casts at 
locations DW-33 & DW-34 were sampled 6.1 and 10.4 meters, respectively, from the prescribed 
coordinate location due to the presence of inferior sample material and subsequent unacceptable 
grabs at the prescribed coordinates. 
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Sample Description Table 

 
Lab Sample # Locator Sample Collection Average 

Sediment 
Sampling 
Depth (cm) 

Sample Usage 

L44480-1 DW-01 Surface Grabs 11 Chemistry 
L44480-2 DW-03 Surface Grabs 7 Chemistry 
L44480-3 DW-13 Surface Grabs 13 Chemistry 
L44480-4 DW-19 Surface Grabs 14 Chemistry 
L44480-5 DW-33 Surface Grabs 12 Chemistry 
L44480-6 DW-34 Surface Grabs 10 Chemistry 
L44480-7 LTBC20 Surface Grabs 11 Chemistry 
L44480-8 LTBC20 Surface Grabs 13 Chemistry 

 
Sample Collection  
Sediment was collected at each station using a stainless steel, modified, 0.1 m2 Van Veen grab 
sampler deployed via hydrowire.  For each acceptable deployment, between 7-14 cm of sediment 
was recovered in each grab. 
 
Water depth at the 7 subtidal sample stations ranged between 23.9 and 63.4 MLLW. 
 
Sample Handling 
At each station, approximately equal amounts of sediment from the top 10 cm (7 cm for DW-03) 
were subsampled from each grab at each sample location through the use of a stainless steel 
sampling spoon.  The sediment was placed into a stainless steel compositing bowl and covered 
with foil.  The sediment within the bowl was thoroughly homogenized and split out into pre-labeled 
containers.  Sample containers were supplied by the King County Environmental Laboratory and 
were pre-cleaned according to analytical specifications. 
 
Decontamination 
Two sets of the compositing bowls and sub-sampling and mixing equipment were used to sample 
each station, and was thoroughly decontaminated by scrubbing with a brush and distilled water 
and Alconox followed by a distilled water rinse.  The Van Veen grab sampler was decontaminated 
between stations by scrubbing with a brush and ambient seawater, followed by a thorough in situ 
rinsing. 
 
Sample Storage and Preservation 
Samples were stored in ice-filled coolers from the time of collection until delivery to the King 
County Environmental Laboratory.  Samples were delivered under chain-of-custody and were 
maintained as such throughout the analytical process.  Samples were stored frozen (-18°C) by 
the laboratory until analysis with the exception of samples for particle size distribution (PSD).  
PSD samples were stored refrigerated at approximately 4°C.  A more complete description of 
sample handling and storage can be found in each analytical chemistry section of this narrative. 
 
Copies of chain-of-custody forms and field notes are included as an appendix to this QA review 
narrative.  The collect time is defined as that time that sampling commences at each station. 
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CONVENTIONAL ANALYSES 

 
Completeness 
Conventional data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Subcontracted Analyses 
All analyses were performed at the King County Environmental Lab. 
 
Methods 
PSD analysis was performed in accordance with ASTM and Puget Sound Protocols 
methodologies (Recommended Protocols for Measuring Conventional Sediment Variables in 
Puget Sound - page 9 - PSEP, 1986). TOC analysis was performed in accordance with SM5310-
B and EPA 9060. Total solids analyses were performed in accordance with SM2540-G. 
 
Detection Limits 
The detection limits (MDLs) reported for Conventionals parameters are all within the requirements 
defined in the SAP, except for the following: 
 
Parameter (mg/Kg) Sample ID# SAP 

MDL 
(dry wt.) 

Reported 
MDL (dry 
wt.) 

Reason for higher MDL Value 

Total Organic Carbon L44480-1 to 
8 

1000 (1) Reduced sample size analyzed. 
All samples had detectable 
levels of TOC. 

(1) See attached SAP MDL Comparison table 
In all cases where the reported MDL was higher than the SAP MDL, a detectable level was 
measured, therefore project objectives were met. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
This may not apply to subcontracted data. 
 
In the Comprehensive Report attached, Conventionals parameters are reported in mg/Kg, dry 
weight basis, for TOC.  Particle Size Distribution (PSD) and Total Solids are reported in percent, 
wet weight basis. For all parameters, the MDL and RDL values for each individual sample are 
reported in the same units and basis as the sample result.  Any result measured at less than the 
MDL or less than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers 
added are based on QA/QC failures and are individually explained in this narrative. 
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Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAP.  The dates and holding time criteria for the actual storage conditions used for 
conventional analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Prep Date Date 
Analyzed 

Sample 
Holding Time 

Extract Holding 
Time 

Particle Size       
Distribution L44480-1,2,3,4,5,6,7,8 14-Nov-2007 19-Dec-2007 20-Dec-2007 6 months at 4°C NA 

       
Total Organic L44480-1,2,3,4,5,6,7,8 14-Nov-2007 19-Nov-2007 05-Dec-2007 6 months at -18°C 6 months at -18°C 

Carbon       
Total Solids L44480-1,2,3,4,5,6,7,8 14-Nov-2007 19-Nov-2007 19-Nov-2007 6 months at -18°C NA 

       
 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed in connection with total solids and total organic carbon analyses.  
All method blanks results were less than the MDL. 
 
Standard Reference Materials  
An SRM (Buffalo River Sediment) was analyzed in connection with TOC analysis.  The percent 
recovery for the SRM analysis was within the 80 to 120% QC limits. 
 
Matrix Spikes 
The matrix spike recovery for TOC were within the 75 to 125% acceptance limits.. The 
acceptance limits are not applicable when the unspiked sample level is 4 times or greater than 
the spiked concentration. 
 
Laboratory Replicate Samples 
A set of laboratory triplicates was analyzed for each of the conventional parameters.  The percent 
relative standard deviation (%RSD) for each triplicate set was less than or equal to the 20% 
acceptance limit. 
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METALS CHEMISTRY 
 

Completeness 
Metal chemistry data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed for mercury and other metals in association with the complete set of QC 
samples outlined in Table 2. 
 
Subcontracted Analyses 
Metals analysis was not subcontracted for these sets of samples. 
 
Methods 
Mercury analysis was performed in accordance with EPA Method 7471A.  Analysis for other 
metals was performed in accordance with EPA method 3050B/6010B. 
 
Target List 
The reported target list includes all metals specified in Table 1.   
 
Detection Limits 
The detection limits (MDLs) reported for Metals parameters are all within the requirements 
defined by the SAP with the exception of those noted on the SAP MDL comparison table.  The 
MDL for mercury samples L44480-1 & 6 was elevated due to necessary dilution of the sample. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
 
In the Comprehensive Report attached, Metals parameters are reported in mg/Kg, dry weight 
basis, for all elements.  The MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QA/QC failures and are individually explained in this narrative. 
 
Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
during the Third Annual PSDDA Review Meeting.  The dates and holding time criteria for the 
actual storage conditions used for metals analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Digested/ 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Digestate/Extract  
Holding Time 

Total Metals L44480-1 
through-8 

11/14/2007 12/20/2007 12/20/2007 2 Years at -18°C 6 months 

Total Mercury L44480-1 
through-8 

11/14/2007  12/3/2007 12/3/2007 28 days at -18°C NA 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
All metals method blanks results were less than the MDL 
 
Standard Reference Materials 
The SRM analyzed in association with samples included in this data submission is National 
Research Council of Canada PACS-2.  This SRM is not certified for Silver, Arsenic or Cadmium.  
Acceptance limits for the certified elements have been developed using historical lab data since 
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the certified SRM values and limits were determined with different analysis techniques.  SRM 
recoveries outside these lab-defined limits indicate the method has not performed as expected 
and the sample data have been qualified to indicate the expected bias.   
 
All metals SRM recoveries were within the lab defined limits indicated in the SAP. 
 
A laboratory control sample (LCS) ERA Soil was also analyzed with the total metals digestion.  All 
recoveries were within the certified limits of the sample.  The LCS is used as a secondary check 
for the total metals digestion procedure because the certified values for the elements are 
determined using the same methodology.  No results from the LCS are used to qualify data. 
 
Matrix Spikes 
All matrix spike recoveries were within the 75 to 125% QC limits with the following exceptions: 

- The reported matrix spike recovery of 24% for Antimony in WG94850 for sample 
numbers L44480-1 through 8 failed to meet the 75 to 125% QC acceptance criteria.  All 
antimony results have been qualified with a “G”. 
- The reported matrix spike duplicate recovery of 28% for Mercury in WG94501 for 
sample numbers L44480-1 through 8 failed to meet the 75 to 125% acceptance criteria.  
Since the matrix spike for these samples was acceptable, sample data has not been 
qualified based on the matrix spike duplicate recovery. 

 
Laboratory Replicate Samples 
The relative percent differences (RPDs) for laboratory duplicate results for all metals were less 
than or equal to the QC limit of 20% with the exceptions:  The reported RPD of 60% for Mercury 
in WG94501 for sample numbers L44480-1 through 8 failed to meet the 20% QC acceptance 
limit.  Mercury results for all samples in this data submission have been qualified with an “E”. 
 
 

 9



 
ORGANIC CHEMISTRY 

 
Completeness 
Organics data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Methods 
BNA analysis was performed in accordance with EPA method 8270. PCB analysis was performed 
in accordance with EPA method 8082.   
 
Target List 
The reported BNA target list includes all compounds specified in Table 1 - Marine Sediment 
Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment Cleanup 
Screening Levels Chemical Criteria contained in Chapter 173-204 WAC with the exception of 
benzo(j)fluoranthene. The KC Laboratory has verified that analytical conditions are sufficient to 
calculate a total benzofluoranthene result using the reported b and k isomers. 
 
Reported PCB data include Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260. 
 
Detection Limits, Units and Significant Figures 
The detection limits (MDLs), as reported on a wet weight basis for Organics parameters, are all 
within the requirements defined in the SAP, except for the following: 
 
PCBs 
The reported MDLs for Aroclors 1016, 1232 and 1242 in selected samples were greater than the 
wet weight MDL values listed in the SAP.  The reported MDLs for these Aroclors were elevated to 
compensate for overlap of PCB congeners from other Aroclors detected in these samples.  
Detectable levels of Aroclors 1260, 1254 and 1248 were reported in all samples.   
 
For Non-ionizable Organic parameters, MDL values were also converted to an Organic Carbon 
(OC) basis, using the TOC values determined for each sample.  The attached SMS OC and Dry 
Weight Comparison table list those samples where the reported MDL value did not meet the SAP 
requirements, when converted to an OC basis. 
 
BNAs 
All of the OC normalized Non-ionizable Organic parameters met the SAP required limits. 
 
PCBs 
The reported OC MDLs for Aroclors 1016, 1232 and 1242 in selected samples were greater than 
the values listed in the SAP.  As stated above, the MDLs were elevated to compensate for 
overlap of PCB congeners from other Aroclors detected in the samples. 
 
 Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.   
 
In the Comprehensive Report attached, Organics parameters are reported in ug/Kg, dry weight 
basis.  In this report format, non-ionizable organic parameters have not been converted to mg/Kg 
TOC. For all parameters, the MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QC failures and are individually explained in this narrative. 
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Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAPA (WDOE, 2003). The dates and holding time criteria for the actual storage conditions 
used for organics analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Extract Holding 
Time 

BNAs 
 

L44480-
1 to 8 

14-Nov-07 19-Nov-07 28-Nov-07 1 year at -18°C 
 

40 days at 4°C 
 

PCBs L44480-
1 to 8 

14-Nov-07 20-Nov-07 26, 27-
Dec-07 

1 year at -18°C 40 days at 4°C 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed for all Organics parameters and all method blank results were less 
than the MDL, except as noted below:  
 
1. BNAs 
The method blank analyzed with BNAs for L44480 had a result above the MDL for Bis (2-
Ethylhexyl) Phthalate (20.0 ug/Kg) and Di-N-Butyl Phthalate (10.9 ug/Kg). Sample results for Bis 
(2-Ethylhexyl) Phthalate and Di-N-Butyl Phthalate for that batch (L44480) have been qualified 
with the B flag.  All Bis (2-Ethylhexyl) Phthalate and Di-N-Butyl Phthalate results for these 
samples should be treated as estimated values. 
 
Surrogate Recoveries 
Surrogate recovery acceptance limits for sediment samples have been developed based on 
historical lab performance using the current analytical methods. Recoveries measured above the 
acceptance limits are flagged with an L.  Recoveries measured below the acceptance limits (but 
at or above 10%) are flagged with a G.  Recoveries below 10% are flagged with an X.  Surrogate 
recovery summaries for each method are shown below. 
 
1.  BNAs 
For BNA sample data, surrogate recoveries are evaluated separately for the acid and 
base/neutral fractions.  Within each fraction, 2 or more surrogates must be outside the 
acceptance limits in order to qualify the associated sample data.  All BNA surrogate recoveries 
were within the lab-specific acceptance limits. 
 
2. PCBs 
Sample data are qualified when individual surrogate recoveries are outside lab-specific 
acceptance limits.  All surrogate recoveries were within the lab-specific acceptance limits for all 
samples in this data submission. 
 
Standard Reference Materials (SRMs) 
The SRM results associated with these samples are summarized below, according to the analysis 
method.  Acceptance limits for the certified parameters reported in this data set have been 
developed using historical lab data.  SRM recoveries outside these lab-defined limits indicate the 
method has not performed as expected and the associated sample data have been flagged.  
 
1.  BNAs 
The sediment SRM analyzed in association with the reported BNA results is 1944, certified by the 
National Institute of Standards and Technology (NIST).  The certified organics parameters in 
SRM 1944 are only a partial list of all the BNA compounds reported in this analysis. All measured 
recoveries for this SRM were within acceptance limits for this data set. 
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2.  PCBs  
The sediment SRM analyzed in association with the reported PCB results is HS-2, certified by the 
National Research Council of Canada.  SRM HS-2 contains Aroclor 1254.  Measured recoveries 
for this SRM were within acceptance limits. 
 
Matrix Spikes 
Matrix Spikes have been analyzed for each method.  Recovery acceptance limits for each 
parameter in sediment have been developed based on historical lab performance using the 
current analytical methods. When applicable, matrix spike recoveries outside these lab-defined 
limits indicate the method has not performed as expected and the associated sample data have 
been flagged.    
 
1.  BNAs 
Each of the reported BNA compounds was included in the matrix spike and measured recoveries 
for each were within their acceptance limits. 
 
2.  PCBs and Chlorinated Pesticides 
Aroclor 1260 and 1016 only are used as the spiking parameters for PCB matrix spike. The 
measured recovery for each spiked parameter was above their acceptance limits.  All results for 
Aroclor 1016 and 1260 have been flagged with an “L” qualifier. 
 
Laboratory Replicate Samples 
A laboratory duplicate sample(s) was analyzed for each Organics parameter.  The relative 
percent differences (RPDs) for laboratory duplicate for all parameters at or above the RDL were 
less than or equal to the acceptance limit of 35%, except for the following: 
 
1.  PCB 
The RPD for Aroclor 1248, 1254 and 1260 for the duplicate analysis of sample L44480-3 were 
69, 69 and 80% respectively.  All sample results for these parameters have been flagged with an 
“E” qualifier to indicate estimated results. 
 
Additional QA Issues: 
 
PCB Analysis: 
PCB data reported for this set of samples include numeric values for only those Aroclors that 
could be positively identified in each sample and were measured above the detection limit.   
Identification of Aroclors 1016, 1232 and 1242 was not possible for selected samples (L44480-1 
through – 4, -6 through -8) due to the overlap of the congeners from Aroclors 1248, 1254 and 
1260.   For those Aroclors where this overlap was significant enough to interfere, the result is 
reported as <MDL with elevated MDL and RDL values.  The elevated MDL represents the 
maximum amount that would have been reported for that Aroclor had it been positively identified.   
The RDL value has also been elevated by the same proportion. 
 
The table below lists the samples and affected Aroclors. 
 

Lab 
Sample 
Number 

PCB 1016 PCB 1232 PCB 1242 

L44480-1 x x x 
L44480-2 x   
L44480-3 x   
L44480-4 x x x 
L44480-6 x x x 
L44480-7 x   
L44480-8 x   
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TABLE 3 - SUMMARY OF SEDIMENT DATA QUALIFIERS 

 
 
Condition to Qualify 

King County 
Data Qualifier 

Sedqual Data 
Qualifier 

Organic QC 
Limits 

Metal QC 
Limits 

Conventional 
QC Limits 

 
Comment 

very low matrix spike 
recovery 

X X < 10 % < 10 % < 10 %  

low matrix spike recovery  G G Compound 
specific 

< 75% < 75% *  

high matrix spike recovery L L Compound 
specific 

>125% >125% *  

low standard reference 
material recovery  

G G Compound 
and SRM 
specific 

Element and 
SRM specific 

< 80%  

high standard reference 
material recovery  

L L Compound 
and SRM 
specific 

Element and 
SRM specific 

>120%  

high duplicate relative 
percent difference 

E E >35 % >20% NA for organics and 
metals 

high triplicate relative 
standard deviation 

E E NA NA > 20% for conventionals 

less than the reporting 
detection limit 

<RDL** T NA NA NA  

less than the method 
detection limit 

<MDL U NA NA NA  

contamination detected in 
method blank 

B B >/=MDL >/=MDL >/=MDL  

biased data based on very 
low surrogate recoveries 

X X any surrogate 
<10% 

NA NA  

biased data based on low 
surrogate recoveries 

G G Surrogate 
specific 

NA NA At least 2 surrogates 
< limit for BNAs 

biased data based on high 
surrogate recoveries 

L L Surrogate 
specific 

NA NA At least 2 surrogates 
> limit for BNAs 

rejected - unusable for all 
purposes 

R J or Q NA NA NA  

a sample handling criteria 
has not been met 

H H NA NA NA container, hold time, 
preservation  

  -     

* 65% to 135% for Total Sulfides. 
**  For Sedqual files, <MDL uses a “U” flag, <RDL is not flagged since the RDL value is not 
included in the Sedqual templates generated by King County. 
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INTRODUCTION 
 

This quality assurance (QA) narrative is intended to document the QA review conducted on the 
chemistry analyses performed for the Denny Way CSO and Elliott West CSO Nearshore 
Sediment Remediation Post Dredging Dredge Prism Monitoring Event.  The QA narrative is 
organized into the five sections listed below. 
 
• General Comments 
• Sample Collection 
• Conventional Analyses 
• Metal Chemistry 
• Organic Chemistry 
 
An overview of the approach used for the QA review is detailed in the General Comments 
section.  Additional information specific to each analysis is included in the appropriate analytical 
section.   
 
This QA review and narrative (specifically defined as QA1) have been conducted in accordance 
with guidelines established through the Puget Sound Dredged Disposal Analysis (PSDDA) 
program, Sediment Management Standards (WAC 173-204-610) and the Sediment Sampling and 
Analysis Appendix (SAPA), WDOE 2003.  Other approaches incorporated in the QA review have 
been established through collaboration between the King County Environmental Laboratory (KC 
Laboratory) and the Washington State Department of Ecology (Ecology) Sediment Management 
Unit. 
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GENERAL COMMENTS 
 

Scope of Samples Submitted 
This QA review is associated with marine sediment samples collected on January 15, 2008 as 
part of the Denny Way CSO and Elliott West CSO Nearshore Sediment Remediation Post 
Dredging Dredge Prism Monitoring Event. 
 
Except where noted in the subcontracting sections of this QA review, all analyses have been 
conducted by the King County Environmental Laboratory (KCEL).  Sediment analytical data are 
reported with associated data qualifiers and have undergone QA1 review, as summarized in this 
narrative report. 
 
Completeness 
Completeness has been evaluated for this data submission and QA review by considering the 
following criteria: 
 
• Comparing reported data to the planned project analyses summarized in Table 1. 
• Compliance with storage conditions and holding times. 
• Frequency of analysis of the complete set of quality control (QC) samples outlined in Table 2. 
 
Subcontracted Analyses 
Analyses that have been subcontracted and the issues associated with these subcontracted 
analyses are noted in this narrative. 
 
Methods 
Analytical methods are noted in the applicable analytical sections of this QA review. 
 
Target Lists 
The reported target lists have been compared to the target analytes listed in Table 1 - Marine 
Sediment Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment 
Cleanup Screening Levels Chemical Criteria contained in Chapter 173-204 WAC.  
 
Detection Limits  
As part of the QA1 review, the detection limits reported for each parameter have been reviewed 
against the detection limit requirements defined in the SAP.  When sample results have been 
reported as less than the Method Detection Limit (<MDL) and the associated detection limits are 
higher than those defined in the SAP, the particular samples and parameters have been identified 
and the circumstances explained.  These summaries are included with each analytical section of 
this QA review. 
 
 The KC Laboratory reports include both the reporting detection limit (RDL) and the method 
detection limit (MDL) for each sample and parameter, where applicable.  The RDL is defined as 
the minimum concentration of a chemical constituent that can be reliably quantified while the MDL 
is defined as the minimum concentration of a chemical constituent that can be detected. Some 
subcontracted laboratory data are available with an MDL only, in accordance with the 
subcontracting laboratory policies.  For some methods the detection limits reported may vary from 
sample to sample depending on the amount of sample analyzed and any additional dilutions 
required. 
 
Storage Conditions and Holding Times 
Storage conditions and holding times have been evaluated using guidelines defined in the project 
SAP.  Preparation and analysis holding times for each method are summarized in each analytical 
section. 
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Method Blanks 
Method blank results have been used to evaluate the possible laboratory contamination of 
samples.  Method blank results have been reviewed for the presence of analytes detected at or 
greater than the MDL.  For analytes where the method blank response was at or above the MDL 
all associated sample results have been qualified with a B flag. 
 
Standard Reference Materials  
Standard reference material (SRM) recoveries have been used to evaluate possible low or high 
analytical bias on a batch-specific basis. SRM analysis is included with metals and selected 
organic and conventional parameters (see Table 2).  SRMs are purchased from outside agencies 
(NIST or NRCC) and must have a certified analyte value in order for a particular parameter to be 
evaluated.  All associated sample results for the certified analytes are flagged if the SRM 
recoveries are unacceptable.  Associated sample results are flagged with an L whenever 
recoveries are measured above the acceptance limits and are flagged with a G when recoveries 
are measured below the acceptance limits.   
 
Matrix Spikes 
Matrix spike recoveries have been used to evaluate possible low or high analytical bias on a 
matrix and batch-specific basis.  Matrix spikes are analyzed with metals, organics and selected 
conventionals parameters (see Table 2). Associated sample results are flagged with an L 
whenever recoveries are measured above the acceptance limits and are flagged with a G when 
recoveries are measured below the acceptance limits (but at or above 10%).  Associated results 
are flagged with an X whenever recoveries are less than 10%. 
 
For Metals only, matrix spike recovery results are used to qualify sample data only when the 
sample levels in the spiked sample are less than 4 times the spiked concentration.  High sample 
levels relative to the spiked concentration can compromise the measurement of accurate spike 
recoveries. 
 
Laboratory Replicate Samples  
Replicate analysis (laboratory duplicates or triplicates) is used as an indicator of method precision 
and is used to qualify data on an analyte and batch-specific basis.  Not all replicate data are 
used, however, as an indicator for data qualification.  Only sets of replicate results which include 
at least one result greater than the RDL are considered for data qualification.  These guidelines 
have been used to account for the fact that precision obtained near the detection limit is not 
representative of precision obtained throughout the entire analytical range. Associated results are 
flagged with an E whenever the measured precision is unacceptable (greater than the 
acceptance limit). 
 
Surrogates 
Surrogate recoveries have been used to evaluate possible low or high analytical bias on a 
sample-specific basis.  Surrogates are only analyzed for organic parameters. Individual sample 
results are flagged with an L whenever recoveries are measured above the acceptance limits and 
are flagged with a G when recoveries are measured below the acceptance limits (but at or above 
10%).  Associated results are flagged with an X whenever recoveries are less than 10%. 
 
Data Qualifiers 
The data qualification guidelines described above has been summarized in Table 3.  This table 
conforms to the guidelines in the 2003 SAPA and also shows the data qualifiers used for the 
Sedqual electronic data format. 
 
Units and Significant Figures 
Units and the reporting basis vary, depending on the parameter and are explained in the 
analytical sections below.   Data generally have been reported to three significant figures if above 
the RDL and two significant figures if equal to or below the RDL.   
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SAMPLE COLLECTION 
 

This section describes sampling activities associated with the collection of 7 marine sediment 
samples on January 15, 2008.  All sampling activities were conducted following guidance 
suggested in the Puget Sound Protocols (PSEP, 1996 and 1998). 

 
Sampling Locations and Station Positioning 
Sampling locations (stations) were selected and the prescribed coordinates determined prior to 
field activities.  The prescribed station coordinates are presented in the following table.  Also 
presented in the table are the actual coordinates recorded during sampling activities.  All station 
coordinates are recorded in state plane coordinate system North American Datum 1983 (NAD83). 
 

DENNY WAY CHEM. SEDIMENT GRAB SAMPLING POINTS, January 2008 
 
Lab 
Number 

Locator Cast 
# 

Grabs 
Accepted 

Prescribed 
Northing 

Actual 
Northing 

Prescribed 
Easting 

Actual 
Easting 

L44926-1 DWPD-01   299275  1263562  
  1 1  229274  1263562 
L44926-2 DWPD-02   229418  1263436  
  1 1  229417  1263436 
L44926-3 DWPD-03   229578  1263420  
   multiple  229539  1263418 
L44926-4 DWPD-04   229493  1263513  
   multiple  229314  1263607 
L44926-5 DWPD-05   229394  1263688  
   multiple  229400  1263664 
L44926-6 DW105 

1-2 ft 
 core 

sample 
229326 229327 1263612 1263613 

        
L44926-7 DW105 

0-1 ft 
 core 

sample 
Same as 
above 

Same as 
above 

Same as 
above 

Same as 
above 

        
 
Sediment grab samples were collected from the Anchor Environmental research vessel RV 
Roostertail, which is equipped with a differential global positioning system (DGPS).  Field 
coordinates were recorded using DGPS for each deployment of the grab sampler as it contacted 
the sediment.  All field coordinates for individual casts listed in the above table are within the +/- 6 
meter accuracy limits, as defined in the SAP, with the following exceptions.  Locations DWPD-03, 
-04 and -05 were sampled 12, 62 and 7.5 meters, respectively from the prescribed coordinate 
locations due to the presence of inferior sample material at the proposed coordinates. 
 

Sample Description Table 
 

Lab Sample # Locator Sample Collection Average 
Sediment 
Sampling 
Depth (cm) 

Sample Usage 

L44926-1 DWPD-01 Surface Grabs 15 Chemistry 
L44926-2 DWPD-02 Surface Grabs 8 Chemistry 
L44926-3 DWPD-03 Surface Grabs < 10 Chemistry 
L44926-4 DWPD-04 Surface Grabs < 10 Chemistry 
L44926-5 DWPD-05 Surface Grabs < 10 Chemistry 
L44926-6 DW105 Core Section 1 to 2 ft Chemistry 
L44926-7 DW105 Core Section 0 to 1 ft Chemistry 

 

 4



Sample Collection  
Surface sediment was collected at locations DWPD- 01, -02, -03, -04 and -05 using a stainless 
steel, modified, 0.1 m2 Van Veen grab sampler deployed via hydrowire.  For each acceptable 
deployment, between 8-15 cm of sediment was recovered.  Multiple sampler deployments were 
performed to collect sufficient sample volume to perform all chemistry analyses.   
 
A sediment core (DW105) was collected using a piston coring device fitted with a polycarbonate 
tube.  There was 2 feet of recovery for the collected core.   
 
Water depth at the 8 subtidal cap sample stations ranged between 7.1 and 28.9 meters (not 
corrected for tide). 
 
Sample Handling 
At locations DWPD-01 and -02, sediment from the top 10 and 8 cm, respectively, were sub-
sampled from the single Van Veen grab through the use of a stainless steel sampling spoon.  At 
locations DWPD-03, -04 and -05, the gravel and rock in the sediment prevented full penetration 
and proper closure of the Van Veen samplers so less than 10 cm of depth was collected per grab.  
Multiple grabs were therefore needed in order to composite enough material for testing.  For all 
samples, the sediment was placed into a stainless steel compositing bowl, covered with foil.  The 
sediment within the bowl was then thoroughly homogenized and split out into pre-labeled 
containers.  Sample containers were supplied by the King County Environmental Laboratory and 
were pre-cleaned according to analytical specifications. 
 
At the core location, sediment was sectioned into two 1-ft intervals (i.e., 0 to 1 ft, and 1 to 2 ft).  
Sediment from each 1-ft interval was subsampled through the use of a stainless steel sampling 
spoon.  The sediment was placed into a stainless steel compositing bowl, covered with foil.  The 
sediment within the bowl was then thoroughly homogenized and split out into pre-labeled 
containers.  Sample containers were supplied by the King County Environmental Laboratory and 
were pre-cleaned according to analytical specifications. 
 
Decontamination 
Two sets of the compositing bowls and sub-sampling and mixing equipment were used to sample 
each station, and was thoroughly decontaminated by scrubbing with a brush and distilled water 
and Alconox followed by a distilled water rinse.  The Van Veen grab sampler was decontaminated 
between stations by scrubbing with a brush and ambient seawater, followed by a thorough in situ 
rinsing.  The polycarbonate coring tube was pre-decontaminated, followed by a thorough in situ 
rinsing. 
 
Sample Storage and Preservation 
Samples were stored in ice-filled coolers from the time of collection until delivery to the King 
County Environmental Laboratory.  Samples were delivered under chain-of-custody and were 
maintained as such throughout the analytical process.  Samples were stored frozen (-18°C) by 
the laboratory until analysis with the exception of samples for particle size distribution (PSD).  
PSD samples were stored refrigerated at approximately 4°C.  A more complete description of 
sample handling and storage can be found in each analytical chemistry section of this narrative. 
 
Copies of chain-of-custody forms and field notes are included as an appendix to this QA review 
narrative.  The collect time is defined as that time that sampling commences at each station. 
 

 5



 
CONVENTIONAL ANALYSES 

 
Completeness 
Conventional data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Subcontracted Analyses 
All analyses were performed at the King County Environmental Lab. 
 
Methods 
PSD analysis was performed in accordance with ASTM and Puget Sound Protocols 
methodologies (Recommended Protocols for Measuring Conventional Sediment Variables in 
Puget Sound - page 9 - PSEP, 1986). TOC analysis was performed in accordance with SM5310-
B and EPA 9060. Total solids analyses were performed in accordance with SM2540-G. 
 
Detection Limits 
The detection limits (MDLs) reported for Conventionals parameters are all within the requirements 
defined in the SAP, except for the following: 
 
Parameter (mg/Kg) Sample ID# SAP 

MDL 
(dry wt.) 

Reported 
MDL (dry 
wt.) 

Reason for higher MDL Value 

Total Organic Carbon L44926-1, 2, 
4 to 7 

1000 (1) Reduced sample size analyzed 
and necessary dilution of the 
sample. 

(1) See attached SAP MDL Comparison table 
In all cases where the reported MDL was higher than the SAP MDL, a detectable level was 
measured, therefore project objectives were met. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
This may not apply to subcontracted data. 
 
In the Comprehensive Report attached, Conventionals parameters are reported in mg/Kg, dry 
weight basis, for TOC.  Particle Size Distribution (PSD) and Total Solids are reported in percent, 
wet weight basis. For all parameters, the MDL and RDL values for each individual sample are 
reported in the same units and basis as the sample result.  Any result measured at less than the 
MDL or less than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers 
added are based on QA/QC failures and are individually explained in this narrative. 
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Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAP.  The dates and holding time criteria for the actual storage conditions used for 
conventional analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Prep Date Date 
Analyzed 

Sample 
Holding Time 

Extract Holding 
Time 

Particle Size       
Distribution L44926-1,2,3,4,5,6,7 15-Jan-08 29-Jan-08 30-Jan-08 6 months at 4°C NA 

       
Total Organic L44926-1,2,3,4,5,6,7 15-Jan-08 06-Feb-08 13-Mar-08 6 months at -18°C 6 months at -18°C 

Carbon       
Total Solids L44926-1,2,3,4,5,6,7 15-Jan-08 06-Feb-08 06-Feb-08 6 months at -18°C NA 

       
 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed in connection with total solids and total organic carbon analyses.  
All method blanks results were less than the MDL. 
 
Standard Reference Materials  
An SRM (Buffalo River Sediment) was analyzed in connection with TOC analysis.  The percent 
recovery for the SRM analysis was within the 80 to 120% QC limits. 
 
Matrix Spikes 
The matrix spike recovery for TOC were within the 75 to 125% acceptance limits.. The 
acceptance limits are not applicable when the unspiked sample level is 4 times or greater than 
the spiked concentration. 
 
Laboratory Replicate Samples 
A set of laboratory triplicates was analyzed for each of the conventional parameters.  The percent 
relative standard deviation (%RSD) for each triplicate set was less than or equal to the 20% 
acceptance limit. 
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METALS CHEMISTRY 
 

Completeness 
Metal chemistry data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed for mercury and other metals in association with the complete set of QC 
samples outlined in Table 2. 
 
Subcontracted Analyses 
Metals analysis was not subcontracted for these sets of samples. 
 
Methods 
Mercury analysis was performed in accordance with EPA Method 7471A.  Analysis for other 
metals was performed in accordance with EPA method 3050B/6010B. 
 
Target List 
The reported target list includes all metals specified in Table 1.   
 
Detection Limits 
The detection limits (MDLs) reported for Metals parameters are all within the requirements 
defined by the SAP, except for Total Mercury.  For samples L44926-2, -4, -6 and -7, extra 
dilutions were required thus elevating the MDL and RDL values for Total Mercury.   Since 
Mercury was detected in all samples, the elevated detection limits did not compromise the project 
objectives. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
 
In the Comprehensive Report attached, Metals parameters are reported in mg/Kg, dry weight 
basis, for all elements.  The MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QA/QC failures and are individually explained in this narrative. 
 
Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
during the Third Annual PSDDA Review Meeting.  The dates and holding time criteria for the 
actual storage conditions used for metals analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Digested/ 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Digestate/Extract  
Holding Time 

Total Metals L44926-1 
through-7 

1/15/2008 1/24/2008 1/24/2008 2 Years at -18°C 6 months 

Total Mercury L44926-1 
through-7 

1/15/2008 1/28/2008 1/29/2008 28 days at -18°C NA 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
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Method Blanks 
All metals method blanks results were less than the MDL 
 
Standard Reference Materials 
The SRM analyzed in association with samples included in this data submission is National 
Research Council of Canada PACS-2.  This SRM is not certified for Silver, Arsenic or Cadmium.  
Acceptance limits for the certified elements have been developed using historical lab data since 
the certified SRM values and limits were determined with different analysis techniques.  SRM 
recoveries outside these lab-defined limits indicate the method has not performed as expected 
and the sample data have been qualified to indicate the expected bias.   
 
All metals SRM recoveries were within the lab defined limits indicated in the SAP. 
 
A laboratory control sample (LCS) ERA Soil was also analyzed with the total metals digestion.  All 
recoveries were within the certified limits of the sample.  The LCS is used as a secondary check 
for the total metals digestion procedure because the certified values for the elements are 
determined using the same methodology.  No results from the LCS are used to qualify data. 
 
Matrix Spikes 
All matrix spike recoveries were within the 75 to 125% QC limits with the following exceptions: 

- The reported matrix spike recovery of 17% for Antimony in WG95153 for sample 
numbers L44926-1 through -7 failed to meet the 75 to 125% QC acceptance criteria.  
Antimony results for all samples in this data submission have been qualified with a “G”.   

- The reported matrix spike recovery of 23% for Mercury in WG95161 for sample numbers 
L44926-1 through -7 failed to meet the 75 to 125% acceptance criteria.  The reported 
matrix spike duplicate recovery of 35% for Mercury in WG95161 also failed to meet the 
75 to 125% QC acceptance criteria.   The relative percent differences (RPDs) between 
the matrix and the matrix spike duplicate for mercury, failed to meet the 20% QC 
acceptance limit.  It is expected that the unacceptable recovery is due to the observed in-
homogeneity of the background levels of mercury in these samples rather than a low 
bias.  Mercury results for all samples in this data submission have therefore been 
qualified with an “E”. 

 
Laboratory Replicate Samples 
The relative percent differences (RPDs) for laboratory duplicate results for all metals were less 
than or equal to the QC limit of 20% with the exceptions:   

- The reported RPD for Cadmium in WG95153 for sample numbers L44926-1 through 7 
failed to meet the 20% QC acceptance limit.  Cadmium results for all samples in this data 
submission have been qualified with an “E”.   

- The reported RPD of 64% and 59% for Mercury in WG95161 for sample numbers 
L44926-1 through 7 failed to meet the 20% QC acceptance limit.  Mercury results for all 
samples in this data submission have been qualified with an “E”. 
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ORGANIC CHEMISTRY 
 

Completeness 
Organics data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Methods 
BNA analysis was performed in accordance with EPA method 8270. PCB analysis was performed 
in accordance with EPA method 8082A. 
 
Target List 
The reported BNA target list includes all compounds specified in Table 1 - Marine Sediment 
Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment Cleanup 
Screening Levels Chemical Criteria contained in Chapter 173-204 WAC with the exception of 
benzo(j)fluoranthene. The KC Laboratory has verified that analytical conditions are sufficient to 
calculate a total benzofluoranthene result using the reported b and k isomers. 
 
Reported PCB data include Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260. 
 
Detection Limits, Units and Significant Figures 
The detection limits (MDLs), as reported on a wet weight basis for Organics parameters, are all 
within the requirements defined in the SAP, except for the following: 
 
BNAs 
The reported MDLs for all compounds for samples L44926-1, 2, 4, 6, 7 were increased due to 
high levels of co-extractives which necessitate dilution of the samples. 
 
PCBs 
The reported MDLs for Aroclors 1016, 1232 and 1242 in all samples (and for 1221 in all samples 
but L44926-3) were greater than the wet weight MDL values listed in the SAP.  The reported 
MDLs for these Aroclors were elevated to compensate for overlap of PCB congeners from other 
Aroclors detected in the samples.  Elevated MDLs for all Aroclors in samples L44926-1 and -2 
were due to additional dilutions done prior to analysis.  Detectable levels of Aroclors 1260, 1254 
and 1248 were reported in all samples.   
 
For Non-ionizable Organic parameters, MDL values were also converted to an Organic Carbon 
(OC) basis, using the TOC values determined for each sample.  The attached SMS OC and Dry 
Weight Comparison table list those samples where the reported MDL value did not meet the SMS 
requirements, when converted to an OC basis. 
 
BNAs 
All of the OC normalized Non-ionizable Organic parameters met the SMS required limits.  For 
sample L44926-1, the MDL for 2,4-Dimethylphenol was slightly higher than the SMS dry weight 
limit due to the dilution needed and the low percent solids for this sample. 
 
PCBs 
The reported OC MDLs for Aroclors 1016, 1232 and 1242 in all samples (and for 1221 in all 
samples but L44926-3) were greater than the values listed in the SAP.  As stated above, the 
MDLs were elevated to compensate for overlap of PCB congeners from other Aroclors detected 
in the samples. 
 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
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For results reported with less than two or three significant figures, significant zeroes are implied.  
This may not apply to subcontracted data. 
 
In the Comprehensive Report attached, Organics parameters are reported in ug/Kg, dry weight 
basis.  In this report format, non-ionizable organic parameters have not been converted to mg/Kg 
TOC. For all parameters, the MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QA/QC failures and are individually explained in this narrative. 
 
Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAPA (WDOE, 2003). The dates and holding time criteria for the actual storage conditions 
used for organics analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Extract Holding 
Time 

L44926-
1, 2, 4, 
6, 7 

15-Jan-08 25-Jan-08 31-Jan-08 BNA 
 

L44926-
3, 5 

15-Jan-08 25-Jan-08 01-Feb-08 

1 year at -18°C 
 

40 days at 4°C 
 

L44926-
1, 3, 5 

15-Jan-08 24-Jan-08 21-Feb-08 PCB 

L44926-
2, 4, 6, 7 

15-Jan-08 24-Jan-08 26-Jan-08 

14 Days at 4°C Same as sample  

 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed for all Organics parameters and all method blank results were less 
than the MDL, except as noted below:  
 
1. BNAs 
The method blank analyzed with BNAs for L44926 had a result above the MDL for Benzyl Butyl 
Phthalate (2.09 ug/Kg), Bis (2-Ethylhexyl) Phthalate (10.2 ug/Kg) and Di-n-Butyl Phthalate (4.3 
ug/Kg). Sample results for Benzyl Butyl Phthalate, Bis (2-Ethylhexyl) Phthalate and Di-n-Butyl 
Phthalate for that batch (L44926) have been qualified with the B flag.  All Benzyl Butyl Phthalate, 
Bis (2-Ethylhexyl) Phthalate and Di-n-Butyl Phthalate results for these samples should be treated 
as estimated values. 
 
Surrogate Recoveries 
Surrogate recovery acceptance limits for sediment samples have been developed based on 
historical lab performance using the current analytical methods. Recoveries measured above the 
acceptance limits are flagged with an L.  Recoveries measured below the acceptance limits (but 
at or above 10%) are flagged with a G.  Recoveries below 10% are flagged with an X.  Surrogate 
recovery summaries for each method are shown below. 
 
1.  BNAs 
For BNA sample data, surrogate recoveries are evaluated separately for the acid and 
base/neutral fractions.  Within each fraction, 2 or more surrogates must be outside the 
acceptance limits in order to qualify the associated sample data.  All BNA surrogate recoveries for 
the samples were within the lab-specific acceptance limits. 
 
2. PCBs 
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Sample data are qualified when individual surrogate recoveries are outside lab-specific 
acceptance limits.  For each set of analyses, all surrogate recoveries were within the lab-specific 
acceptance limits for all samples in this data submission with the exception of DCB for sample 
L44926-2.  The DCB recovery for that sample was 1014%.  All results for that sample have been 
flagged with an “L” qualifier. 
 
Standard Reference Materials (SRMs) 
The SRM results associated with these samples are summarized below, according to the analysis 
method.  Acceptance limits for the certified parameters reported in this data set have been 
developed using historical lab data.  SRM recoveries outside these lab-defined limits indicate the 
method has not performed as expected and the associated sample data have been flagged.  
 
1.  BNA 
The sediment SRM analyzed in association with the reported BNA results is 1944, certified by the 
National Institute of Standards and Technology (NIST).  The certified organics parameters in 
SRM 1944 are only a partial list of all the BNA compounds reported in this analysis. All measured 
recoveries for this SRM were within acceptance limits for this data set. 
 
2.  PCB 
The sediment SRM analyzed in association with the reported PCB results is HS-2, certified by the 
National Research Council of Canada.  SRM HS-2 contains Aroclor 1254.  The measured 
recovery for this SRM was within acceptance limits. 
 
Matrix Spikes 
Matrix Spikes have been analyzed for each method.  Recovery acceptance limits for each 
parameter in sediment have been developed based on historical lab performance using the 
current analytical methods. The acceptance limits are not applicable when the unspiked sample 
level was 4 times or greater than the spiked concentration.  When applicable, matrix spike 
recoveries outside these lab-defined limits indicate the method has not performed as expected 
and the associated sample data have been flagged.    
 
1.  BNA 
Each of the reported BNA compounds was included in the matrix spike and measured recoveries 
for each were within their acceptance limits with the exception of Benzoic Acid with a recovery of 
185%.  An “L” flag was added to the sample results for Benzoic Acid. 
 
2.  PCB 
Aroclor 1260 and 1016 only are used as the spiking parameters for PCB matrix spike. The 
measured recovery for each spiked parameter was within their acceptance limits. 
 
Laboratory Replicate Samples 
A laboratory duplicate sample(s) was analyzed for each Organics parameter.  The relative 
percent differences (RPDs) for laboratory duplicate for all parameters at or above the RDL were 
less than or equal to the acceptance limit of 35%. 
 
Additional QA Issues: 
 
PCB Analysis: 
PCB data reported for this set of samples include numeric values for only those Aroclors that 
could be positively identified in each sample and were measured above the detection limit.   
Identification of Aroclors 1016, 1221, 1232 and 1242 was not possible for all samples (L44926-1 
through -7) due to the overlap of the congeners from Aroclors 1248, 1254 and 1260.   For those 
Aroclors and samples where this overlap has occurred, the result is reported as <MDL with 
elevated MDL and RDL values.  The elevated MDL represents the maximum amount that would 
have been reported for that Aroclor had it been positively identified.   The RDL value has also 
been elevated by the same proportion. 
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The table below lists the samples and affected Aroclors.   
 

Lab 
Sample 
Number 

PCB 1016 PCB-1221 PCB 1232 PCB 1242 

L44926-1 x x x x 
L44926-2 x x x x 
L44926-3 x  x x 
L44926-4 x x x x 
L44926-5 x x x x 
L44926-6 x x x x 
L44926-7 x x x x 
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TABLE 3 - SUMMARY OF SEDIMENT DATA QUALIFIERS 

 
 
Condition to Qualify 

King County 
Data Qualifier 

Sedqual Data 
Qualifier 

Organic QC 
Limits 

Metal QC 
Limits 

Conventional 
QC Limits 

 
Comment 

very low matrix spike 
recovery 

X X < 10 % < 10 % < 10 %  

low matrix spike recovery  G G Compound 
specific 

< 75% < 75% *  

high matrix spike recovery L L Compound 
specific 

>125% >125% *  

low standard reference 
material recovery  

G G Compound 
and SRM 
specific 

Element and 
SRM specific 

< 80%  

high standard reference 
material recovery  

L L Compound 
and SRM 
specific 

Element and 
SRM specific 

>120%  

high duplicate relative 
percent difference 

E E >35 % >20% NA for organics and 
metals 

high triplicate relative 
standard deviation 

E E NA NA > 20% for conventionals 

less than the reporting 
detection limit 

<RDL** T NA NA NA  

less than the method 
detection limit 

<MDL U NA NA NA  

contamination detected in 
method blank 

B B >/=MDL >/=MDL >/=MDL  

biased data based on very 
low surrogate recoveries 

X X any surrogate 
<10% 

NA NA  

biased data based on low 
surrogate recoveries 

G G Surrogate 
specific 

NA NA At least 2 surrogates 
< limit for BNAs 

biased data based on high 
surrogate recoveries 

L L Surrogate 
specific 

NA NA At least 2 surrogates 
> limit for BNAs 

rejected - unusable for all 
purposes 

R J or Q NA NA NA  

a sample handling criteria 
has not been met 

H H NA NA NA container, hold time, 
preservation  

  -     

* 65% to 135% for Total Sulfides. 
**  For Sedqual files, <MDL uses a “U” flag, <RDL is not flagged since the RDL value is not 
included in the Sedqual templates generated by King County. 

 
 



 
 
 

KING COUNTY ENVIRONMENTAL LABORATORY 
QUALITY ASSURANCE REVIEW 

 
For 

 
Denny Way CSO and Elliott West CSO 

Nearshore Sediment Remediation 
Post Dredging Perimeter Monitoring Event 

April - 2008 
 

 
 
 
 
 
 
 
 
 
 
 
 

Prepared by: 
 
______________________________ 
Fritz Grothkopp 
Laboratory Project Manager 
 
Date:_________________________ 
 
Reviewed by: 
 
______________________________ 
Colin Elliott 
Quality Assurance Officer 
 
Date:_________________________ 
 
 
King County Environmental Laboratory 
322 West Ewing Street 
Seattle, Washington 98119-1507 
(206) 684-2300 



INTRODUCTION 
 

This quality assurance (QA) narrative is intended to document the QA review conducted on the 
chemistry analyses performed for the Denny Way CSO and Elliott West CSO Nearshore 
Sediment Remediation Post Dredging Perimeter Monitoring Event.  The QA narrative is 
organized into the five sections listed below. 
 
• General Comments 
• Sample Collection 
• Conventional Analyses 
• Metal Chemistry 
• Organic Chemistry 
 
An overview of the approach used for the QA review is detailed in the General Comments 
section.  Additional information specific to each analysis is included in the appropriate analytical 
section.   
 
This QA review and narrative (specifically defined as QA1) have been conducted in accordance 
with guidelines established through the Puget Sound Dredged Disposal Analysis (PSDDA) 
program, Sediment Management Standards (WAC 173-204-610) and the Sediment Sampling and 
Analysis Appendix (SAPA), WDOE 2003.  Other approaches incorporated in the QA review have 
been established through collaboration between the King County Environmental Laboratory (KC 
Laboratory) and the Washington State Department of Ecology (Ecology) Sediment Management 
Unit. 
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GENERAL COMMENTS 
 

Scope of Samples Submitted 
This QA review is associated with marine sediment samples collected on April 2, 2008 as part of 
the Denny Way CSO and Elliott West CSO Nearshore Sediment Remediation Post Dredging 
Perimeter Monitoring Event. 
 
Except where noted in the subcontracting sections of this QA review, all analyses have been 
conducted by the King County Environmental Laboratory (KCEL).  Sediment analytical data are 
reported with associated data qualifiers and have undergone QA1 review, as summarized in this 
narrative report. 
 
Completeness 
Completeness has been evaluated for this data submission and QA review by considering the 
following criteria: 
 
• Comparing reported data to the planned project analyses summarized in Table 1. 
• Compliance with storage conditions and holding times. 
• Frequency of analysis of the complete set of quality control (QC) samples outlined in Table 2. 
 
Subcontracted Analyses 
Analyses that have been subcontracted and the issues associated with these subcontracted 
analyses are noted in this narrative. 
 
Methods 
Analytical methods are noted in the applicable analytical sections of this QA review. 
 
Target Lists 
The reported target lists have been compared to the target analytes listed in Table 1 - Marine 
Sediment Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment 
Cleanup Screening Levels Chemical Criteria contained in Chapter 173-204 WAC.  
 
Detection Limits  
As part of the QA1 review, the detection limits reported for each parameter have been reviewed 
against the detection limit requirements defined in the SAP.  When sample results have been 
reported as less than the Method Detection Limit (<MDL) and the associated detection limits are 
higher than those defined in the SAP, the particular samples and parameters have been identified 
and the circumstances explained.  These summaries are included with each analytical section of 
this QA review. 
 
 The KC Laboratory reports include both the reporting detection limit (RDL) and the method 
detection limit (MDL) for each sample and parameter, where applicable.  The RDL is defined as 
the minimum concentration of a chemical constituent that can be reliably quantified while the MDL 
is defined as the minimum concentration of a chemical constituent that can be detected. Some 
subcontracted laboratory data are available with an MDL only, in accordance with the 
subcontracting laboratory policies.  For some methods the detection limits reported may vary from 
sample to sample depending on the amount of sample analyzed and any additional dilutions 
required. 
 
Storage Conditions and Holding Times 
Storage conditions and holding times have been evaluated using guidelines defined in the project 
SAP.  Preparation and analysis holding times for each method are summarized in each analytical 
section. 
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Method Blanks 
Method blank results have been used to evaluate the possible laboratory contamination of 
samples.  Method blank results have been reviewed for the presence of analytes detected at or 
greater than the MDL.  For analytes where the method blank response was at or above the MDL 
all associated sample results have been qualified with a B flag. 
 
Standard Reference Materials  
Standard reference material (SRM) recoveries have been used to evaluate possible low or high 
analytical bias on a batch-specific basis. SRM analysis is included with metals and selected 
organic and conventional parameters (see Table 2).  SRMs are purchased from outside agencies 
(NIST or NRCC) and must have a certified analyte value in order for a particular parameter to be 
evaluated.  All associated sample results for the certified analytes are flagged if the SRM 
recoveries are unacceptable.  Associated sample results are flagged with an L whenever 
recoveries are measured above the acceptance limits and are flagged with a G when recoveries 
are measured below the acceptance limits.   
 
Matrix Spikes 
Matrix spike recoveries have been used to evaluate possible low or high analytical bias on a 
matrix and batch-specific basis.  Matrix spikes are analyzed with metals, organics and selected 
conventionals parameters (see Table 2). Associated sample results are flagged with an L 
whenever recoveries are measured above the acceptance limits and are flagged with a G when 
recoveries are measured below the acceptance limits (but at or above 10%).  Associated results 
are flagged with an X whenever recoveries are less than 10%. 
 
For Metals only, matrix spike recovery results are used to qualify sample data only when the 
sample levels in the spiked sample are less than 4 times the spiked concentration.  High sample 
levels relative to the spiked concentration can compromise the measurement of accurate spike 
recoveries. 
 
Laboratory Replicate Samples  
Replicate analysis (laboratory duplicates or triplicates) is used as an indicator of method precision 
and is used to qualify data on an analyte and batch-specific basis.  Not all replicate data are 
used, however, as an indicator for data qualification.  Only sets of replicate results which include 
at least one result greater than the RDL are considered for data qualification.  These guidelines 
have been used to account for the fact that precision obtained near the detection limit is not 
representative of precision obtained throughout the entire analytical range. Associated results are 
flagged with an E whenever the measured precision is unacceptable (greater than the 
acceptance limit). 
 
Surrogates 
Surrogate recoveries have been used to evaluate possible low or high analytical bias on a 
sample-specific basis.  Surrogates are only analyzed for organic parameters. Individual sample 
results are flagged with an L whenever recoveries are measured above the acceptance limits and 
are flagged with a G when recoveries are measured below the acceptance limits (but at or above 
10%).  Associated results are flagged with an X whenever recoveries are less than 10%. 
 
Data Qualifiers 
The data qualification guidelines described above has been summarized in Table 3.  This table 
conforms to the guidelines in the 2003 SAPA and also shows the data qualifiers used for the 
Sedqual electronic data format. 
 
Units and Significant Figures 
Units and the reporting basis vary, depending on the parameter and are explained in the 
analytical sections below.   Data generally have been reported to three significant figures if above 
the RDL and two significant figures if equal to or below the RDL.   

 3



SAMPLE COLLECTION 
 

This section describes sampling activities associated with the collection of 7 marine sediment 
samples on April 2, 2008.  All sampling was conducted by the King County Environmental Lab.  
All sampling activities were conducted following guidance suggested in the Puget Sound 
Protocols (PSEP, 1996 and 1998). 

 
Sampling Locations and Station Positioning 
Sampling locations (stations) were selected and the prescribed coordinates determined prior to 
field activities.  The prescribed station coordinates are presented in the following table.  Also 
presented in the table are the actual coordinates recorded during sampling activities.  All station 
coordinates are recorded in state plane coordinate system North American Datum 1983 (NAD83). 
 

SEDIMENT GRAB SAMPLING POINTS, April 2008 
 
Lab 
Number 

Locator Cast Grabs 
Accepted

Prescribed 
Northing 

Actual 
Northing 

Prescribed 
Easting 

Actual 
Easting 

Offset 
(m) 

L45314-
1 

DW-01   229703  1263143   

  1 2  229703  1263140  
  2 1  229696  1263137  
L45314-
2 

DW-03   229529  1263359   

  1 1  229530  1263359  
  2 1  229524  1263359  
  3 1  229539  1263356  
L45314-
3 

DW-13   229363  1263343   

  1 2  229362  1263340  
  2 1  229363  1263343  
L45314-
4 

DW-19   229150  1263268   

  1 1  229154  1263269  
  1 2  229149  1263268  
L45314-
5 

DW-33   229130  1263747   

  1 1  229132  1263747  
  2 1  229138  1263744  
  3 1  229136  1263738  
L45314-
6 

DW-34   228952  1263903   

  1 1  228896  1263880 18.5 
  2 2  228898  1263874 18.7 
L45314-
7 

LTBC20   229246  1263461   

  1 1  229237  1263455  
  2 1  229239  1263454  
  3 1  229242  1263459  
 
Sediment grab samples were collected from the King County Environmental Lab research vessel 
RV Liberty, which is equipped with a differential global positioning system (DGPS).  Field 
coordinates were recorded using DGPS for each deployment grab sampler as it contacted the 
sediment.  All field coordinates for individual casts listed in the above table are within the +/- 6 
meter accuracy limits, as defined in the SAP, with one exception.  Location DW-34 was sampled 
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18.5 and 18.6 meters from the prescribed coordinate location due to the presence of inferior 
sample material and unacceptable grabs at the originally prescribed coordinates. 
 

Sample Description Table 
 

Lab Sample # Locator Sample Collection Average 
Sediment 
Sampling 
Depth (cm) 

Sample Usage 

L45314-1 DW-01 Surface Grabs 14 Chemistry 
L45314-2 DW-03 Surface Grabs 5 Chemistry 
L45314-3 DW-13 Surface Grabs 13 Chemistry 
L45314-4 DW-19 Surface Grabs 14 Chemistry 
L45314-5 DW-33 Surface Grabs 7 Chemistry 
L45314-6 DW-34 Surface Grabs 11 Chemistry 
L45314-7 LTBC20 Surface Grabs 14 Chemistry 

 
Sample Collection  
Sediment was collected at each station using a stainless steel, modified, 0.1 m2 Van Veen grab 
sampler deployed via hydrowire.  For each acceptable deployment, between 5-14 cm of sediment 
was recovered.  Multiple sampler deployments were performed to collect sufficient sample 
volume to perform all chemistry analyses. 
 
Water depth at the 7 subtidal cap sample stations ranged between 6.2 and 8.6 ft (not corrected 
for tide). 
 
Sample Handling 
At locations DW-01, -13, -19, -34 and LTBC20 sediment from the top 10 cm was sub-sampled 
from the Van Veen grabs through the use of a stainless steel sampling spoon.  At locations DW-
03 and -33, full penetration of the Van Veen samplers was not possible for all grabs so less than 
10 cm of depth, on average, was collected.  The sediment was placed into a stainless steel 
compositing bowl, covered with foil.  The sediment within the bowl was then thoroughly 
homogenized and split out into pre-labeled containers.  Sample containers were supplied by the 
King County Environmental Laboratory and were pre-cleaned according to analytical 
specifications. 
 
Decontamination 
Separate compositing bowls and sub-sampling and mixing equipment were used to sample each 
station to avoid cross contamination of the samples.  The Van Veen grab sampler was 
decontaminated between stations by scrubbing with a brush and ambient seawater, followed by a 
thorough in situ rinsing. 
 
Sample Storage and Preservation 
Samples were stored in ice-filled coolers from the time of collection until delivery to the King 
County Environmental Laboratory.  Samples were delivered under chain-of-custody and were 
maintained as such throughout the analytical process.  Samples were stored frozen (-18°C) by 
the laboratory until analysis with the exception of samples for particle size distribution (PSD).  
PSD samples were stored refrigerated at approximately 4°C.  A more complete description of 
sample handling and storage can be found in each analytical chemistry section of this narrative. 
 
Copies of chain-of-custody forms and field notes are included as an appendix to this QA review 
narrative.  The collect time is defined as that time that sampling commences at each station. 
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CONVENTIONAL ANALYSES 

 
Completeness 
Conventional data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Subcontracted Analyses 
All analyses were performed at the King County Environmental Lab. 
 
Methods 
PSD analysis was performed in accordance with ASTM and Puget Sound Protocols 
methodologies (Recommended Protocols for Measuring Conventional Sediment Variables in 
Puget Sound - page 9 - PSEP, 1986). TOC analysis was performed in accordance with SM5310-
B and EPA 9060. Total solids analyses were performed in accordance with SM2540-G. 
 
Detection Limits 
The detection limits (MDLs) reported for Conventionals parameters are all within the requirements 
defined in the SAP, except for the following: 
 
Parameter (mg/Kg) Sample ID# SAP 

MDL 
(dry wt.) 

Reported 
MDL (dry 
wt.) 

Reason for higher MDL Value 

Total Organic Carbon L45314-1, 4, 
6 

1000 (1) Reduced sample size analyzed 
and necessary dilution of the 
sample. 

(1) See attached SAP MDL Comparison table 
In all cases where the reported MDL was higher than the SAP MDL, a detectable level was 
measured, therefore project objectives were met. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
This may not apply to subcontracted data. 
 
In the Comprehensive Report attached, Conventionals parameters are reported in mg/Kg, dry 
weight basis, for TOC.  Particle Size Distribution (PSD) and Total Solids are reported in percent, 
wet weight basis. For all parameters, the MDL and RDL values for each individual sample are 
reported in the same units and basis as the sample result.  Any result measured at less than the 
MDL or less than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers 
added are based on QA/QC failures and are individually explained in this narrative. 
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Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAP.  The dates and holding time criteria for the actual storage conditions used for 
conventional analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Prep Date Date 
Analyzed 

Sample 
Holding Time 

Extract Holding 
Time 

Particle Size 
Distribution L45314-1,2,3,4,5,6,7 02-Apr-2008 14-Apr-2008 16-Apr-2008 6 months at <6°C NA 

Total Organic 
Carbon L45314-1,2,3,4,5,6,7 02-Apr-2008 30-Apr-2008 09-May-2008 6 months at -18°C 6 months at -18°C 

Total Solids 
 L45314-1,2,3,4,5,6,7 02-Apr-2008 30-Apr-2008 30-Apr-2008 6 months at -18°C NA 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed in connection with total solids and total organic carbon analyses.  
All method blanks results were less than the MDL. 
 
Standard Reference Materials  
An SRM (Buffalo River Sediment) was analyzed in connection with TOC analysis.  The percent 
recovery for the SRM analysis was within the 80 to 120% QC limits. 
 
Matrix Spikes 
The matrix spike recovery for TOC were within the 75 to 125% acceptance limits.. The 
acceptance limits are not applicable when the unspiked sample level is 4 times or greater than 
the spiked concentration. 
 
Laboratory Replicate Samples 
A set of laboratory triplicates was analyzed for each of the conventional parameters.  The percent 
relative standard deviation (%RSD) for each triplicate set was less than or equal to the 20% 
acceptance limit with the exception of the gravel category.  The %RSD for the gravel category 
was 65%.  The gravel category represented less than 4% of the total mass of the sample.  The 
results for this category have been flagged with an E qualifier.  No other corrective action was 
taken. 
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METALS CHEMISTRY 
 

Completeness 
Metal chemistry data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed for mercury and other metals in association with the complete set of QC 
samples outlined in Table 2. 
 
Subcontracted Analyses 
Metals analysis was not subcontracted for these sets of samples. 
 
Methods 
Mercury analysis was performed in accordance with EPA Method 7471A.  Analysis for other 
metals was performed in accordance with EPA method 3050B/6010B. 
 
Target List 
The reported target list includes all metals specified in Table 1.   
 
Detection Limits 
The detection limits (MDLs) reported for Metals parameters are all within the requirements 
defined by the SAP. 
 
Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
 
In the Comprehensive Report attached, Metals parameters are reported in mg/Kg, dry weight 
basis, for all elements.  The MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QA/QC failures and are individually explained in this narrative. 
 
Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
during the Third Annual PSDDA Review Meeting.  The dates and holding time criteria for the 
actual storage conditions used for metals analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Digested/ 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Digestate/Extract  
Holding Time 

Total Metals L45314-1 - 7 4/2/2008 5/1/2008 5/1/2008 2 Years at -18°C 6 months 
Total Mercury L45314-1 - 7 4/2/2008 4/22/2008 4/22/2008 28 days at -18°C NA 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
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Method Blanks 
All metals method blanks results were less than the MDL 
 
Standard Reference Materials 
The SRM analyzed in association with samples included in this data submission is National 
Research Council of Canada PACS-2.  This SRM is not certified for Silver, Arsenic or Cadmium.  
Acceptance limits for the certified elements have been developed using historical lab data since 
the certified SRM values and limits were determined with different analysis techniques.  SRM 
recoveries outside these lab-defined limits indicate the method has not performed as expected 
and the sample data have been qualified to indicate the expected bias.   
 
All metals SRM recoveries were within the lab defined limits indicated in the SAP. 
 
A laboratory control sample (LCS) ERA Soil was also analyzed with the total metals digestion.  All 
recoveries were within the certified limits of the sample.  The LCS is used as a secondary check 
for the total metals digestion procedure because the certified values for the elements are 
determined using the same methodology.  No results from the LCS are used to qualify data. 
 
Matrix Spikes 
All matrix spike recoveries were within the 75 to 125% QC limits with the following exceptions: 

- The reported matrix spike recovery of 20% for Antimony in WG96419 for sample 
numbers L45314-1 - 7 failed to meet the 75 to 125% QC acceptance criteria.  Antimony 
results for all samples in WG96419 have been qualified with a “G”.   

- The reported matrix spike recovery of 53% for Mercury in WG96285 for sample numbers 
L45314-1 - 7 failed to meet the 75 to 125% acceptance criteria.  The reported matrix 
spike duplicate recovery of 69% for Mercury for the same samples also failed to meet the 
75 to 125% QC acceptance criteria.  The relative percent difference (RPD) between the 
matrix and matrix spike duplicate for mercury of 26% failed to meet the 20% QC 
acceptance limit.  It is expected that the unacceptable recovery is due to the observed in-
homogeneity of the background levels of mercury in these samples rather than a low 
bias.  Mercury results for all samples in this data submission have therefore been 
qualified with an “E”.  

  
 
Laboratory Replicate Samples 
The relative percent differences (RPDs) for laboratory duplicate results for all metals were less 
than or equal to the QC limit of 20% with the exceptions:   
-  The reported RPD of 70% for Mercury in WG96285 for sample numbers L45314-1 - 7 failed to 
meet the 20% QC acceptance limit.  Mercury results for all samples in WG96285 have been 
qualified with an “E”. 
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ORGANIC CHEMISTRY 

 
Completeness 
Organics data are reported for all samples and parameters summarized in Table 1.  These 
samples were analyzed in association with the complete set of QC samples outlined in Table 2. 
 
Methods 
BNA analysis was performed in accordance with EPA method 8270. PCB analysis was performed 
in accordance with EPA methods 8082A. 
 
Target List 
The reported BNA target list includes all compounds specified in Table 1 - Marine Sediment 
Quality Standards Chemical Criteria and Table 3 - Puget Sound Marine Sediment Cleanup 
Screening Levels Chemical Criteria contained in Chapter 173-204 WAC with the exception of 
benzo(j)fluoranthene. The KC Laboratory has verified that analytical conditions are sufficient to 
calculate a total benzofluoranthene result using the reported b and k isomers. 
 
Reported PCB data include Aroclors 1016, 1221, 1232, 1242, 1248, 1254, and 1260. 
 
Detection Limits, Units and Significant Figures 
The detection limits (MDLs), as reported on a wet weight basis for Organics parameters, are all 
within the requirements defined in the SAP, except for the following: 
 
PCBs 
The reported MDLs for Aroclors 1016, 1221, 1232 and 1242 in samples L45314-1, 4, 6, 7 were 
greater than the wet weight MDL values listed in the SAP.  The reported MDLs for these Aroclors 
were elevated to compensate for overlap of PCB congeners from other Aroclors detected in the 
samples.  Detectable levels of Aroclors 1260, 1254 and 1248 were reported in all samples.   
 
For Non-ionizable Organic parameters, MDL values were also converted to an Organic Carbon 
(OC) basis, using the TOC values determined for each sample.  The attached SMS OC and Dry 
Weight Comparison table list those samples where the reported MDL value did not meet the SAP 
requirements, when converted to an OC basis. 
 
BNAs 
All of the OC normalized Non-ionizable Organic parameters met the SAP required limits. 
 
PCBs 
The reported OC MDLs for Aroclors 1016, 1221, 1232 and 1242 in selected samples were 
greater than the values listed in the SAP.  As stated above, the MDLs were elevated to 
compensate for overlap of PCB congeners from other Aroclors detected in the samples. 
 
 Reporting Requirements (significant figures, units, basis and qualifiers) 
For analyses performed at the KC Laboratory, data are reported in accordance with laboratory 
policy at the time the data were generated. Data are reported to three significant figures for 
results greater than the RDL and two significant figures for results equal to or less than the RDL.  
For results reported with less than two or three significant figures, significant zeroes are implied.  
This may not apply to subcontracted data. 
 
In the Comprehensive Report attached, Organics parameters are reported in ug/Kg, dry weight 
basis.  In this report format, non-ionizable organic parameters have not been converted to mg/Kg 
TOC. For all parameters, the MDL and RDL values for each individual sample are reported in the 
same units and basis as the sample result.  Any result measured at less than the MDL or less 
than the RDL, a <MDL or <RDL qualifier is added, respectively.  Other qualifiers added are based 
on QA/QC failures and are individually explained in this narrative. 
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Storage Conditions and Holding Times 
Sample storage conditions and holding times have been evaluated using guidelines established 
in the SAPA (WDOE, 2003). The dates and holding time criteria for the actual storage conditions 
used for organics analyses are listed in the table below. 
 

Parameter Lab ID# Date 
Collected 

Date 
Extracted 

Date 
Analyzed 

Sample Holding 
Time 

Extract Holding 
Time 

BNAs 
 

L45314-
1 to 7 

02-Apr-08 08-Apr-08 15, 16-
Apr-08 

1 year at -18°C 
 

40 days at 4°C 
 

PCBs L45314-
1 to 7 

02-Apr-08 11-Apr-08 13-May-08 1 year at -18°C 40 days at 4°C 

 
Sample storage conditions and holding times were met for all samples in this data submission. 
 
Method Blanks 
Method blanks were analyzed for all Organics parameters and all method blank results were less 
than the MDL, except as noted below:  
 
1. BNAs 
The method blank analyzed with BNAs for L45314 had a result above the MDL for Benzyl Butyl 
Phthalate (4.28 ug/Kg), Bis (2-Ethylhexyl) Phthalate (11.8 ug/Kg) and Di-N-Butyl Phthalate (5.2 
ug/Kg).  Sample results for Benzyl Butyl Phthalate, Bis (2-Ethylhexyl) Phthalate and Di-N-Butyl 
Phthalate for that batch (L45314) have been qualified with the B flag.  All Benzyl Butyl Phthalate, 
Bis (2-Ethylhexyl) Phthalate and Di-N-Butyl Phthalate results for these samples should be treated 
as estimated values. 
 
Surrogate Recoveries 
Surrogate recovery acceptance limits for sediment samples have been developed based on 
historical lab performance using the current analytical methods. Recoveries measured above the 
acceptance limits are flagged with an L.  Recoveries measured below the acceptance limits (but 
at or above 10%) are flagged with a G.  Recoveries below 10% are flagged with an X.  Surrogate 
recovery summaries for each method are shown below. 
 
1.  BNAs 
For BNA sample data, surrogate recoveries are evaluated separately for the acid and 
base/neutral fractions.  Within each fraction, 2 or more surrogates must be outside the 
acceptance limits in order to qualify the associated sample data.  All BNA surrogate recoveries 
were within the lab-specific acceptance limits. 
 
2. PCBs 
Sample data are qualified when individual surrogate recoveries are outside lab-specific 
acceptance limits.  For each set of analyses, all surrogate recoveries were within the lab-specific 
acceptance limits for all samples in this data submission. 
 
Standard Reference Materials (SRMs) 
The SRM results associated with these samples are summarized below, according to the analysis 
method.  Acceptance limits for the certified parameters reported in this data set have been 
developed using historical lab data.  SRM recoveries outside these lab-defined limits indicate the 
method has not performed as expected and the associated sample data have been flagged.  
 
1.  BNAs 
The sediment SRM analyzed in association with the reported BNA results is 1944, certified by the 
National Institute of Standards and Technology (NIST).  The certified organics parameters in 
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SRM 1944 are only a partial list of all the BNA compounds reported in this analysis. All measured 
recoveries for this SRM were within acceptance limits for this data set. 
 
2.  PCBs  
The sediment SRM analyzed in association with the reported PCB results is HS-2, certified by the 
National Research Council of Canada.  SRM HS-2 contains Aroclor 1254.  The measured 
recovery for this SRM was within acceptance limits. 
 
Matrix Spikes 
Matrix Spikes have been analyzed for each method.  Recovery acceptance limits for each 
parameter in sediment have been developed based on historical lab performance using the 
current analytical methods. The acceptance limits are not applicable when the unspiked sample 
level was 4 times or greater than the spiked concentration.  When applicable, matrix spike 
recoveries outside these lab-defined limits indicate the method has not performed as expected 
and the associated sample data have been flagged.    
 
1.  BNAs 
Each of the reported BNA compounds was included in the matrix spike and measured recoveries 
for each were within their acceptance limits. 
 
2.  PCBs  
Aroclor 1260 and 1016 only are used as the spiking parameters for PCB matrix spike. The 
measured recovery for each spiked parameter was within their acceptance limits. 
 
Laboratory Replicate Samples 
A laboratory duplicate sample(s) was analyzed for each Organics parameter.  The relative 
percent differences (RPDs) for laboratory duplicate for all parameters at or above the RDL were 
less than or equal to the acceptance limit of 35%, except for the following: 
 
1.  BNA 
The RPD for Bis (2-ethylhexyl) phthalate and Pyrene for the duplicate analysis of sample L45314-
3 were 41 and 38% respectively.  All sample results for these parameters have been flagged with 
an “E” qualifier to indicate estimated results. 
 
Additional QA Issues: 
 
PCB Analysis: 
PCB data reported for this set of samples include numeric values for only those Aroclors that 
could be positively identified in each sample and were measured above the detection limit.   
Identification of Aroclors 1016, 1221, 1232 and 1242 was not possible for all samples (L45314-1, 
-4, -6, -7) due to the overlap of the congeners from Aroclors 1248, 1254 and 1260.   For those 
Aroclors where this overlap has occurred, the result is reported as <MDL with elevated MDL and 
RDL values.  The elevated MDL represents the maximum amount that would have been reported 
for that Aroclor had it been positively identified.   The RDL value has also been elevated by the 
same proportion. 
The table below lists the samples and affected Aroclors. 
 

Lab 
Sample 
Number 

PCB 1016 PCB-1221 PCB 1232 PCB 1242 

L45314-1 x  x x 
L45314-4 x x x x 
L45314-6 x  x x 
L45314-7 x  x x 
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TABLE 3 - SUMMARY OF SEDIMENT DATA QUALIFIERS 

 
 
Condition to Qualify 

King County 
Data Qualifier 

Sedqual Data 
Qualifier 

Organic QC 
Limits 

Metal QC 
Limits 

Conventional 
QC Limits 

 
Comment 

very low matrix spike 
recovery 

X X < 10 % < 10 % < 10 %  

low matrix spike recovery  G G Compound 
specific 

< 75% < 75% *  

high matrix spike recovery L L Compound 
specific 

 - 125%  - 125% *  

low standard reference 
material recovery  

G G Compound 
and SRM 
specific 

Element and 
SRM specific 

< 80%  

high standard reference 
material recovery  

L L Compound 
and SRM 
specific 

Element and 
SRM specific 

 - 120%  

high duplicate relative 
percent difference 

E E  - 35 %  - 20% NA for organics and 
metals 

high triplicate relative 
standard deviation 

E E NA NA  -  20% for conventionals 

less than the reporting 
detection limit 

<RDL** T NA NA NA  

less than the method 
detection limit 

<MDL U NA NA NA  

contamination detected in 
method blank 

B B  - /=MDL  - /=MDL  - /=MDL  

biased data based on very 
low surrogate recoveries 

X X any surrogate 
<10% 

NA NA  

biased data based on low 
surrogate recoveries 

G G Surrogate 
specific 

NA NA At least 2 surrogates 
< limit for BNAs 

biased data based on high 
surrogate recoveries 

L L Surrogate 
specific 

NA NA At least 2 surrogates  
>  limit for BNAs 

rejected - unusable for all 
purposes 

R J or Q NA NA NA  

a sample handling criteria 
has not been met 

H H NA NA NA container, hold time, 
preservation  

  -     

* 65% to 135% for Total Sulfides. 
**  For Sedqual files, <MDL uses a “U” flag, <RDL is not flagged since the RDL value is not 
included in the Sedqual templates generated by King County. 
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