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Explanation of Significant Differences 
.Wyckoff/Eagle Harbor Superfund Site 
East Harbor Operable Unit 

1. Introduction 
In accordance with Section 117(c) of the Comprehensive Environmental Response, 
Compensation, and Liability Act (CERCL4'\)' and Section ~OO.435(c)(2)(i)of the National Oil 
and Hazardous Substances Pollution Contingency' Plan (NCP), if the Environmental 
Protection Agency (EPA) selects a remedial action and, thereafter, determines there is a 
significant change with respect to that action, an Explanation of Significant Differences 
(ESD) and the reasons for such change must be published. 

This ESD has been prepared for the East Harbor Operational Unit (OU) of the 
Wyckoff/ Eagle Harbor Superfund Site on Bainbridge Island, Washington (EPA 
Identification Number vVAD009248295). The Wyckoff/Eagle Harbor Superfund site is 
located. on the east side of Bainbridge Island-in central Puget Sound, (Figure 1). 

The Wvckoff Site includes the former Wyckoff Company' wood-treatment facility, 
contaminated subtidal and intertidal sediments in Eagle Harbor, and other upland sources 
of contamination to the harbor, including a former shipyard. The East Harbor au consists 
of intertidal and subtidal surface sediments in the eastern part of Eagle Harbor. The 
sediments are contaminated with polynuclear aromatic hydrocarbons (PAHs) and other 
organic compounds associated with wood treatment. 

EPA is the lead agency for the Wyckoff/ Eagle Harbor Superfund Site. EP~~ has worked 
closely with the Vvashington Department of Ecology (Ecologv). the City of Bainbridge 
Island, the Army Corps of Engineers, the ~atic)ndl Oceanographic and Atmospheric 
L;\gellcy, the Suquamish "Tribe, and other parties to develop remedies for the site. 

'T11e East Harbor OL Recorli of Decision (ROD) was issued in September 1994-. Tho primary 
remedial action objective for the East Harbor sediments was achievement of the \Vdshington 
State Sediment Managcrru-nt Standards (5\15) (\\T~L\C 17J··204) and reduction uf 
contaminants ill fish .md shellfish to levels protective of human health and the environment. 
lhc major .omponcnts of the rvmcdv include sediment l-appiJlg in subtidal ~tl4l}~lS with 
monitoring in inter tidal .. U4l\.lS to confirm th« prlidit-tcll n...-lcOVl}ry of intertidal scdinlt.'nts 
through natural prOCl'S'-;tIS. {he Edst t l.nbor Subtidal Sl:l.linlPnt C~-~q.1 \\' ..lS ,:o111ph l tVli in thr... 
ph,-lSll~ ovvr "eVVll } liars. 

In the SUn1nl('r of 20US, FP.\ rl'l'l,i\';)d rl'pc1rts trorn l'iti/l~ns .ibou t ndl'r...; f)11 th.: \\ \'st Bt1al h.
 
.m int.-rtid.rl r'\!rtic,n of th.. F'",i",t f i.ubor ()L th.it hdd prt:vi\)usl\' bevn l-()Ill...,i~ltlrlld
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behind the bulkheads, It appeared that some contaminated sediments associated with this 
portion of the site had been incompletely removed. EPi\ roped-off these portions of the 
V\lest Beach and posted signs restricting access.. EPA conducted extensive sediment 
sampling along the beach during a period of extreme low tides in spring 2006. The 
investigation determined that the extent of visual and chemical contamination at the surface 
of the beach was limited to the roped-off areas. However, sediment near the surface (i.e., 
within 4 feet of the surface) in several additional areas was also contaminated above cleanup 
levels. 

Consistent with the East Harbor remedy selected in the ROD, an exposure barrier system 
(EBS) will be constructed over these recently discovered contaminated portions of the West 
Beach and subtidal sediments. The EBS will be constructed from the southern ed.ge of the 
existing subtidal cap (- 10 mean lower low water C~/lLLvV)) to the intertidal area up to + to 
NILLvV. The construction of this EBS and accompanying extension of the subtidal cap 
constitute a significant difference from the ROD. In addition, the discovery of 
contamination in a portion of the East Harbor OU used by the public necessitates changes to 
the cleanup levels in the ROD. 

This ESD will become part of the Administrative Record for the site which includes the 
ROD and other relevant documents. These documents are available for review at the 
following location: 

EPA Region 10 Superfund Records Center 
1200 Sixth Avenue, Eel-Ol6 
Seattle, WA 98101 
206-553-4494 or toll-free at 1-800-424-4372 
Please call for an appointment 

For any questions regard.ing this ESD, please contact 

For General Information: 
Jeanne Ofdell , EPA Community Involvement Coordinator 
206-553-6919 or toll-free at 1-800-424-4372 

Technical Information: 
tv1aryJane Nearman, EPA Region 10 Remedial Project Manager 
206-553-6642 

Site History, Contamination, and Selected Remedy 
From the l\..lrlv 1900s through 19H8, a succession of companies tre-ated wood at the \ vvckoff 
wood treating plant for use c..1S r.ulroad ties .md trestles. telephone poles. pilings, Lit h."KS, 

pie-rs. .md treated lumber genL>rdlly. lhc plant was one (If I\.lrgl'st in the L n ited State-s. Bv 

1Y10, pressure treatment bl)gd11 with Cftlosote/11 u n kc r oil. ~Vl)oll-preservingoperations 
in.ludo.I: ( 1) the use .ind ~tnfdgt.} of l'reo,",()te, pt·ntachlofnphl"I1ClI, sulvents, gl..lsnline,. 
,lntifrt.'tl!l', h.1l1 1dill! \Vdste \ ii l. .md lubrir.mt«: (2) n1dlll..lgc·nll'nt \.)f pr<-x'c'ss \\'dstl~"'; ("), 

. v. Ish..\\ ,It l . r l (I " d nil' n t .d1\.1 Ij is" h. I r '; ,-.: (I II d (~') '-, t\, .r. 1:J/' \) f t [" t: ,1 t ~ .'. i t : j d I i -;d ',\ \ "d ~"o r ~ '\ i l h >. 
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There is little historic information about the waste management practices at the facility. 
Until the late 19405, treated wood "vas stored in surface water adjacent to the facility. 
Beginning in the 1940s treated logs were transported to and from varying facility treatment 
areas via a transfer table pit. Chemical solutions drained from retorts after a treating cycle, 
as well as from treated wood, went directly into the soil and groundwater. Wastewater was 
also discharged into Eagle Harbor for many years. Groundwater and soils at the facility are 
contaminated with primarily creosote-derived PAHs, PCP, aromatic carrier oils, and dioxins 
and furans. An on-site extraction and treatment system is used to recover and treat oily' 
liquid and contaminated groundwater at the site. It is estimated that 1 million gallons of 
oily liquid still remain in the subsurface beneath the former wood-treating facility. A sheet 
pile wall has also been installed around the former process area to prevent migration of oily 
liquid and contaminated grounltwater to Eagle Harbor and Puget Sound. 

Sediments in areas of Eagle Harbor are contaminated with PAHs and other organic 
compounds, as well as with metals, primarily mercury. Eagle Harbor is divided into two 
areas, East Harbor and West Harbor (Figure 1). The wood treating facility is the major 
source of PAH to the East Harbor through both past operating practices and contaminant 
transport through the subsurface. An additional source of contaminants to the East Harbor 
was created when sludge from tanks and sumps was used as fill material between an old 
and new bulkhead at the Wyckoff property in the 1950s. In the West Harbor, PAH 
contamination in nearshore sediments appear to be from combustion products, minor spills, 
and pilings and piers, while subtidal PAH contamination in the West Harbor is believed to 
reflect a combination of these sources, disposal practices at a former shipyard and releases 
from the \\'yckoff operations. Elevated concentrations of metals in the West Harbor, 
particularly near the former shipyard, are associated with past shipyard operations, 
including the application, use, and removal (by sandblasting) of bottom paints and 
antifoulants, including mercury. 

2.1 Basis for Taking Action 
Chemical concentrations in East Harbor sediments and marine organisms are elevated with 
respect to background locations. However. human health risk estimates for exp()sure ttl 
subtidal sediment contaminants through dermal contact and sediment ingestion are within 
or below EPA's range of acceptable risks (EP;\' s acceptable risk range is from 1 in 10,000 
(lxIO--+) to I in I,OOO,OOO (lxlO-o)). For seafood ingestion, calculated cancer risks are 
generally between 10--+ and lO-() at both the East Harbor and background locations, 
Consumption of shellfish from specific areas (such as near the Wyckoff property) results in 
risk levels above 10--+. In addition, the bioassavs for acute toxicity' indicated that sediments 
from many sampled locations in the East Harbor are toxic to .rmphipods. oyster larvae, or 
both. The biodssay rl'sponses are most ~eVt~rl~ in ureas of high P:\.f-l contamination. such dS 
..ll"l'dS just north of the \Vycknff propertv..,\dLlitic)nal c\illcl1((' of bi\.1lcl gicaI vfft"l'ts in Fd~~ll\ 

I I.ubor iucludcs the prl'v,-denrl..' of liver lesions .md tU1110r" in Ellgli,-;h sole. d~ docurncntccl 
hv 'C-)i\:\. 

2.2 East Harbor Remedial Action Objective and Selected Remedy 
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In subtidal areas, active remediation is required if the top ten centimeters of sediment 
contain contaminant concentrations above SMS-mandated levels at the completion of 
upland source control. For intertidal sediments, the surface ten centimeters must at a 
minimum achieve SNIS-manliated levels within ten years after completion of active cleanup 
action (\VAC 173-204-570). This is supplemented by an intertidal objective of concentrations 
of 1,200 Ilg/kg (dry weight) high molecular weight PAH (HPAHs), developed by EPA to 
address human health risks from consumption of contaminated shellfish in intertidal areas. 

The major components of the remedy specified by the ROD include sediment capping in 
subtidal areas with monitoring in intertidal areas to confirm the predicted recovery of 
intertidal sediments through natural processes. 

2.2.1 Remedy Implementation 

The East Harbor Subtidal Sediment Cap was completed in three phases over seven years. 
The major components of each phase were as follows: 

•	 Phase I: EPA issued an Action Memorandum for a non-time-critical removal action 
(NTCRA) on June 15, 1993. Sediment placement NTCRA activities began in September 
1993, and concluded in March 1994. Approximately 275,000 cubic yards (cy) of dredged 
material was placed over 54 acres of contaminated sediment approximately 900 feet 
from the shoreline. 

•	 Phase II: In 2000-2001, EPA extended the Phase I sediment cap by an additionalIS acres 
to the Wyckoff facility's northern shoreline over a former Wyckoff facility log-rafting 
area. This area was not remediated during Phase I due to a lack of upland source 
control at the time. Phase III: In early 2002, EPA placed an additional 50,000 cubic 
yards of clean material in a shallow subtidal area to create intertidal habitat and form a 
continuous intertidal beach along the Eagle Harbor shoreline. 

•	 West Beach/Mitigation Beac/I: This project occurred as mitigation for the taking of 
habitat during sheet pile wall installation in the Groundwater and Soils Ol.i. Creation of 
this beach increased the area of available forage fish-spawning habitat; providing 
feeding, resting, and habitat for migrating salmonids: and providing a connecting 
corridor between existing habitats within Eagle Harbor and Puget Sound. When 
conducting the investigation on the recently discovered contamination on the \'\'est 
Beach, this area was administratively moved from that au and added to the East 
Harbor au based on its intertidal and subtidal nature and the nature of the rernedv (i.e., 
extension of the East Harbor subtidal cap). The East Harbor 0(; now includes all 
contaminated subtidal and intertidal areas adjacent to the Wvckoff site. 

2.2.2 System Operations/Operation and Maintenance 

EP ..\ is coriducting long-term monitoring of the subtidal .ind intertidal arC~(.lS l)f th« East 
Harbor .ucording to the Operation. \L.li11tQn~lnC(~,.irid Mori i tor ing Plan ((1\1\11») approved 
bv EP.A in Julv !l.J9-l, .md amended in \ld\' 1999. The 1110st recent Ye.ir H monitoring n-su lt-. 

~ _ _	 l 

w.-r.: U~t)ll bJ determine r.-medv ~UL:Cl\SS. Ihe primarv .utivitu-s ..lssuclatPll with the ()\I\lP 
i 11 l 1u .l l' th (~ f()II()\\ i11g : 
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•	 Subtidal and Intertidal monitoring to determine cap physical stability and containment 
effectiveness . 

•	 East Beach monitoring for natural attenuation. 

•	 West Beach/Mitigation Beach monitoring for habitat utilization. 

3 Basis for the ESO 
Following the Summer of 2005 citizen reports and subsequent EP~~ investigation and public 
access restrictions described in the Introduction above, EPA conducted extensive sediment 
sampling along the beach (luring a period of extreme low tides in spring 2006. The 
objectives of the sampling were to: 1) assess the nature and extent of the contamination in 
the areas of concern; 2) determine if other portions of the West Beach were contaminated; 
and 3) collect data to support remedial action in the contaminated areas. 

The investigation determined that the extent of contamination on the surface of the beach 
"vas limited to the initial areas of concern. However, intertidal sediment near the surface 
(i.e., within 4 feet) in several additional areas was also contaminated above cleanup levels. 
Although subtidal sampling was not conducted in this effort, residual contamination from 
the bulkhead removals likely contaminated subtidal sediments directly adjacent to the 
contaminated intertidal sediments. The current subtidal cap does not extend to these 
additional subtidal and intertidal areas between -10 MLL"YV and +10 ~tLLW. 

3.1 Selected Remedy 
Consistent with the East Harbor RO'D, an exposure barrier system (EBS) will be constructed 
over the more recently discovered contaminated portions of the West Beach and nearby 
subtidal sediments that were not capped during previous phases of remedial action in the 
East Harbor QU. 'fhe EBS will effectively isolate the contaminated \'\rest Beach sediments 
from human and ecological exposure. The EBS includes two primary elements: 

1.	 Beach Cover System..~ beach cover system will be placed on top of the existing beach 
sediments and previously placed habitat fill in the intertidal zone. The area to be 
covered includes locations where contaminant concentrations have recently been found 
to exceed cleanup levels and locations where visual evidence of contamination has been 
observed in the upper ~ ft~et of sediment. T11e cover system will consist of a ptJrous 
geotextile placed on the original beach, a l-foot-thick layer of ~-inch cobbles placed on 
top of the geotextile, and a 2-fol)t-thick layer of habitat fill placed on top of the cobble 
layer. 

Subtidal Cap Extension. Ihe existing Eagle Harbor s\.~din1ent l-dp \\ ill bp extended fr()111 

its .u rrvnt southe-rn L'LIgl: to the I1c\V b""dl'h cover sy,-; t...·111. [he mutvri.ils. place-me-nt 
me-thods. .uid placement tolvr.uucs for this l~dP extension w il l be coris istcrit w ith tll\)~Lj 

l1Sl'll fur the existing Edgll) Harbor l~ap, .md the cap e-xte-nsion will have the s.irm: l )Vl~'1\~111 

thil'~nt)SS '-is the hC\.ll'h c:uvcr -v-tc-m.Th« r.-sult will be)..1 '~-f(h)t-thil_'k l.r, I.'r \)f Sdt1lt .ind 

~).rd v.: I I.'{)\ t' ring tbe subtid.il tl n '1.1 i111rmd id tl}1~.' north \~f tht l 
\ \" \'s t f~lld"- h ,_tnL! '\.;lvn d in ~)t ~) 
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Figure 3 shows the areas where the EBS will be constructed. Cross-sectional views through 
the EBS are illustrated in Figure 4. 

3.2 Other Remedial Options and Modifications Considered 
As a result of stakeholder suggestions, EPA also considered the following modifications to 
the West Beach remedial action: 

•	 Excavation of IJHot Spots." EP ..L\ considered excavating the most-contaminated portions 
of the beach to a depth of 2 feet, backfilling the resulting holes with 3 feet of clean 
habitat fill, and spreading a one-foot-thick layer of habitat fill over the remainder of the 
contaminated beach area. The option was not pursued because it would not result in 
greater protectiveness because it does not account for potential exposure at small 
undiscovered hot spots, and because contaminated sediment would be left in place at 
depths greater than 2 feet below grade. In addition, it would pose difficulties in 
implementation due to tidal flooding, and would not provide the armoring and 
enhanced beach drainage provided by the selected beach cover system. 

•	 Reduce the Beach Cover Area. This was evaluated to potentially reduce the cost of the 
beach cover system by covering only the most contaminated areas anti doing limited 
excavation in adjoining areas with contaminant concentrations just slightly above 
cleanup levels. It was not pursued because it would not result in greater protectiveness 
(for same reasons described above) and because dynamic beach processes would tend to 
scavenge sediment from the covered areas to fill in the non-covered areas. 

•	 Incorporation of Adsorbent Materials into the Beach Cover. EPA considered 
incorporating adsorbent material into the intertidal beach cover system. Both 
.organoclay and activated carbon as granular material and manufactured mats were 
evaluated. Neither enhanced the protectiveness of the remedy for the following 
reasons: 

Organoclay is an effective adsorbent for mobile non-aqueous phase liquid (N.£-\PL). 
It "vas not incorporated into the final EBS for the v\lest Beach because the residual 
N~~PL present in a few locations, does not appear to be mobile. 

Activated carbon is typically used to adsorb dissolved organic contaminants. 
HO\Ve\7er, the solubilities of Pl\Hs and other NAPL constituents are relatively low 
and limited modeling shows that the concentrations of PAHs in sediment left under 
the cover svstem are unlikelv to result in adverse effects to surface water. 

~	 ~ 

•	 Eliminating Sub-tidal Cap Extension. Despite significant potential cost savings, afte-r 
c.mful evaluation, EP;-\ dvcidcd to proceed with the e-xtension of the cap for the 
f()110\\ ing n:)dS( )I1S: 

Extension nf the harbor C..lp is l'unsistcnt with previous n-mc-dial .ntion in Fagll" 
Harbor whi.h has pn,)\'l'n to bt' vffl'l tive through ungt",ing moriit. )ring. 

, .1 ; t": l"~ ~ Ii'· 1, 
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The design and implement of a conclusive sampling pr()gram to justify eliminating 
the harbor cap extension would significantly delay the implementation of the EBS. 

3.3 Sources of Information 
'The following information in the Administrative Record supports the need for the 
significant differences described herein and the basis for the EBS design: 

•	 IVfst Beach lnrestigation Data Eraluntion Report ~\~IJckoffIFagLe Harbor Sllperfil1ld Site 
Bainbridge lsland, L'\tlSlzingtoll (CII2Nl HILL, 2006) 

•	 ~\}Jckoff~\'est Beach Exposure Barrier Systenz (ESS) Design Concept (CH2~1 HILL, 2007) 

•	 ~\T~/ck(~ff~i\''est Beach Exposure Barrier Systenl (FRS) Design Basis (CH2~I HILL, 2007) 

4 Description of Significant Differences 
As described in Section 2.2.1, the remedy components of the East Harbor ROD have been 
completed. However, new information about visual and chemical contamination in an 
additional portion of the East Harbor OU has come to light and there is a need to expand 
and modify the remedy to address this contamination. 

The construction of the EBSat the West Beach constitutes a significant difference from the 
East Harbor ROD for the following reasons: 

a.	 The Beach Cover System enhances the former Mitigation Beach portion of the 
remedy. While the surface of the Beach Cover System is made up of the same 
materials as the former Mitigation Beach and will serve the same function (i.e., 
increase the area of available forage fish-spawning habitat; providing feeding, 
resting, and habitat for migrating salmonids; and provide a connecting corridor 
between existing habitats within Eagle Harbor and Puget Sound), the cover system 
includes additional subsurface components intended to isolate contaminated 
sediment from human and ecological contact. 

b.	 The Beach Cover System and Subtidal Cap Extension are estimated to cost 
approximately 52.3 million , constituting a significant increase in the cost of the 
selected remedy. 

In addition. the discovery of contamination in a portion of the East Harbor accessed by the 
public necessitates modifications to the cleanup levels selected in the [{()D. The eXI)osure 
scenarios considered for development of ClPdl1UP levels in the R()D VVt.)r~ limited to 

L 1co h)gic,-11c\xp(ls'u re and human consumption of (lXpc)~cll marine org.misms, Direrthuman 
l-()nt.ll"t \\ ith contaminated sl-'dinll'nts nldy: e-xist on the \\\lst BPdch dur inj; pt1ril)lls ()f lovv 
t i.l«. ilu-retoro. the cleanup Ivv(lls tor intcrrnittentlv exposvd intertidal sedi mc-nt ~dung the 
\ Vllst Seal'h, which were based solelv ~ H1 the St,dinlent Qu..ilitv SL.lnlL1rLIs (SQS) of thL' S\ IS, 
111Ust be updated to ,lisu include the \ Vashington \Iollt~l ft )xics Control .\l·t (\lr(~:\ ~('il 

~ -1t '1.1 n u p f C' \' e Is U 11d l' r \ \' .\C_-' 1:-")-l +0- - In. l.1b i l) 1 f is tS tfh' \ 11C~.\ \! t: th (l d B l It'c.ln u p t '\ l 'IS L) r 
~til·,'·tt h u m.m ,',\r)(,,",,urv. 
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Table 1 
Additional Cleanup Levels for West Beach Portion ofEast Harbor au 
, ! 

Chemical 
Group Chemical of Concern 

MTCA Method B Soil CULa 

(mg/kg) 

PAH 2-Methylnaphthalene 320 

PAH Acenaphthene 4,800 

PAH Acenaphthylene 

PAH Anthracene 24,000 

PAH Senzo (a) anthracene 0.14
f--------+------------------------~-----------___J 

PAH Senzo (a) pyrene 0.14 ! 

I 

I PAH Senzo (b) f1uoranthene 0.14 
I 
iI 
1 

Senzo (9,h,i) perylene -- i 
ISenzo (k) f1uoranthene 0.14 
I 
I0.14 

I PAH

PAH

PAH Chrysene

PAH Dibenzo (a,h) anthracene 

I 

!0.14 
i 
l 

I PAH I Fluoranthene 3,200
I I 

l!AH _~_F-lu-o_re-n-e---------------------__+_-----------
I PAH I Indeno (1 ,2,3-cd) pyrene----t- .------------+-------------i 

; PAH Naphthalene 

PAH Phenanthrene 

PAH Pyrene 

PCP Pentachlorophenol 

Notes: 
,1 Model Taxies Control Act Cleanup Levels and Risk Calculations (CLARe) database, soil, Method B direct contact 
-- Cleanup level is not available 
mg/kg - milligrams per kilogram (parts per million) 
PAH - polynuclear arom atic hydrocarbon 
PCP - pentachlorophenol 
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No changes in expected outcomes are anticipated from this ESD. The EBS will provide a 
protective and durable exp()sure barrier that will allow typical recreational activities on the 
beach and in the harbor with a low likelihood of contact with underlying contaminated 
sediments. The EBS will also enhance the former Mitigation Beach and serve as suitable fish 
habitat. 

5 Support Agency Comments 
Regulatory and governmental stakeholders including the State of Washington Department 
of Ecology (Ecology), the Suquamish Tribe, and the National Oceanic and Atmospheric 
Administration (NO,,~A) participated in the investigation and the evaluation of cleanup 
options for the West Beach and support the remedial action outlined in this ESD. 

6 Affirmation of Statutory Determinations 
The Selected Remedy attains the mandates of Section 121 of CERCLA, and the NCP. 
Specifically, the remedy is protective of human health and the environment, complies with 
Federal and State requirements that are applicable or relevant and appropriate to the 
remedial action, is cost effective, and utilizes permanent solutions and resource recov'ery 
technologies to the maximum extent practicable. 

Because this remedy will result in hazardous substances, pollutants Of contaminants 
remaining on site above levels that allow for unrestricted exposure, a statutory review will 
be conducted within five years after initiation of remedial action to ensure that the remedy 
is, or will be, protective of human health and the environment. 

7 Public Participation Activities 
In accordance with the NCP, a formal public comment period is not required. for an ESD. 
However, EPA is announcing the availability of this ESD and cl summary of the cleanup 
action in two local ne\vspapers once the ESD is issued, EPA also discussed this action in a 
public meeting 011 the five-year review held at the Bainbridge Island Commons on August 
16, 2007. The final ESD will be available on the EPA \\Tyckoff/ Eagle Harbor website. Public 
notification of beach closure during construction activities will be coordinated with the City 
of Bainbridge Island and tile Bainbridge Isla11J Parks Department. 
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Explanation of Sediment Comparison Criteria Used in West 
Beach Data Evaluation 
The Record of Decision (ROD) for OU 3 (USEPi\ 1992) identifies the state sediment 
management standards (S~lS) (vVAC 173-240) as the primary applicable or relevant and 
appropriate requirements (ARARs) to be used in defining site cleanup objectives for the East 
Harbor. 'The S~vlS are based on protection of marine organisms and are intended to mitigate 
adverse biological effects, contaminant resuspension, anti bioaccumulation. 

'The chemical criteria in the S~lS were derived from the 1988 Puget Sound lowest apparent 
effects threshold (LAET) testing conducted in the late 19805 (Barrick et al., 1988). Apparent 
effects thresholds (AETs) are concentrations of a specific chemical above which adverse 
biological effects always occur (Ecology, 1996). The AETs are based on paired chemical and 
biological results from benthic infaunal abundance date, amphipod bioassays, tvlicrotox® 
assay luminosity, and oyster larvae bioassays. 

At the time the West Beach Investigation Work Plan and QAPP were prepared,USEPA 
planned to use carbon-normalized SQS values as the screening levels for potential biological 
exposure. However, following receipt of analytical data from the West Beach Investigation, 
it was recognized that TOC concentrations in West Beach sediment samples are very low 
(typically less than 0.5 percent). In such cases, S~IS recommend use of the LAET values to 
evaluate sediment contamination. The LAETs were also derived from the AET1 study, but 
are based on dry weight rather than carbon-normalized values. 

Depending on TOe content, sample results were either compared to the LAET values 
(samples with less than 0.5 percent Tt.X'), or were carbon normalized and compared to the 
SQS values (samples with greater than 0.5 percent TOe). 



WE~~W:'A:3,.,2 WUi.SE01A ·11~·8 Wa~r):'A·ii-i"- WEH-Sa:l:1A4uuRFAcEWEH:S~lM):iURfACE ~ED-1A:U.~WE~1A:ii:4=I-WEH4ED="1A-J~SURFACE WEH-&eD_1IJ..Ot-O:U..- WEH-ifri:1.1~)i·::f-WEH:UD-1a::-1D4URfACf­

~'..!,~UOfl ~J~'006 ~~,1tXl6.. : c ;: .);.' ... ~" • .l..oL "':'~~00i "''211i~V:.Jt, ",~b':l006 4126;:l006 4,,712006 4-17'200L 
__~__.. _.	 ~_._a , b'C 0·03j 0·033 1·4 .. ·11 0-033 03.\·.. 03~·2 _.~ 

Abu Ab ....... ,.,bu... A!...... AI~" .ee <;WQon.
' •• ~"lt.ult· "liDo". 

n",n_':.d'.Iu&t~ l\OfnlillLed ,,,'', ",,1II~ed •.sulls noun.uea .el". 
'.111 J -·-----1~. ---o-aj-II-J-- 2.' J U 0.0028 

0.14 1.4 0 1.' 11 J. ..~ 0.'4 
C ;)('	 ~t< lJ Of,.",,} J 001S 017 v 100 U 18 U 0018 

o.o..sJ 
('Oo.:,J

02/
17

o 1~ 

(,0070 UJ

014J 
0.81
0:'1 U

AI.Q~'IOIb<>n­

not'm*ud ......

0.711. 
00.7J 

"'boI" , ... bon­

'-ol.jj 
nonnMu:ed 1••uIl. 

0003-1 U 
052 ....-----~-.... 

o

I . 1

11 

G.n 

OOOJj U 

_ 

n

019 U 

011 

" 

,., 17 1.1i 220 a.1 0 1~ J 

4.' 

1.5 I 12" 2.. I 0." 
0.77 I 24" 0.12 I 021 

1.2 I ".. 1.2 I 0....., 
032 •.• J 1 B U 011 J 

UJ i llN ui 012 I 0.15 J 
1.7 I ".. U.. 0.64 

0073	 J 100 U 0057 ") 0027 J 
77 0 110 ,.. OM 

O.U U J "I Gl0 JI, I 024 I ,,' 0,. I 2.' 4 0.24 I 01. 4 
it C.,., 1.1 0.063 J 2.' J a 0..030 
\I 11. 12 1.1 0 230 U 021 

U (, 1.4 4.2 0 200 " .... OD-' 
1 C14 j ', ~ Wi J IS 0&2 
~ J 1J 11 it. 21 34 
16 2!l 7.0 ti77 a O~ 

(;M~ 1~ W 0 3~ U 000,4 UJ 

:4J loJ zeo I 2.lCWl I lH 

- ... - ~._ ... ._~ -'--0"_------- .~~_,__.. ._~~. 46 l) 56 u 530 U 58 \.J 

F=l 
-- ----- - ------··---WEH-£EO:'lA·J2~-wEH:S~lA~-SURfACE-wE~EO:_1A..JJ_SURFACE IM:~A.i~------~D:1~~»:4--~fi=1-0.:0:)~2WEK:6ED_1a::1O=_s:ljifACE­

4L1i.2~ 4.1.0, iUOb 4i2io200li 04i27.200li !W.: ~(XJO ::ar.l.'£OO& ~;,u2out> 

t..c! 0-0)3 (;-033 4-11 03)-4 0.3j-1 o·o.n 

.,0	 .....,0 IN ~ 13 J . VII ,., 18t 1.~ J 
jt 33 U '6313LJ 17 27J 26lJ 12J 
n. 113 36.... 11 J l.713 U. 74J 
114 IU , ••, J 32 Jll :'CJ"4 

)<;	 ;;0 J'10 ".tI J	 .1 1" 
~! 234 9135 J .s 356 186 
64 10 J 63J.. 'II J	 .. N 

M 16)lJiJ 14 J 119 67 71J 
UI U2 1'.1N J 61 we PI :"4 
15 14 oJ li>313 U 26 J ~ &3J 100 UJU. 1.~ D 46.511 61	 un ,... 62,,....Nt 'It 11,217 J 9~ J 111 '7; 
7b Ie 15 J 6jJ 
ill 12 .n J 29 ..71 '" 15J 3JJ 

." J 

1.Hl f06 nAu zo	 ..1M .... .' J 
77; 

,470 8]'J u.t. 61	 53-4 311.1" 
'/t, 31. _,111 " 59 ." 261 :12 

1110J 3.'" 111,1t2 3n 1152 J,ln 1!f9 
1,414	 lc* M,U1 5& 1un .t",t'1 uJ 1.3 U. 30.~ U 070 LJJ	 077 UJ 1.0 UJ 



WEH·SED-1A~7·SUf<FACE WEH-SED-1A~9-0"3j:4-'---·-·---WEH:SED-1A-2&:4-~EH.:SEo.:1~2a::o.Jj:4-WEH=SED-1a:oS:O~3~-
4J~;·::J/.'-':' 4i~:i:::;,,6 4 - 'j 4/271"20OCJ !:lIO-s/LOOC 
~ -.~_~_. 2~:_4 __" 4":&!'::(~J6 (; -fj - 4 0:;3 - 4 

M1CA !:lOll AI.o .ett carbon 
....r... I)lt· , ~t T (. Ul nornullz.ed ruults 

.J :'Jr,i4·-----------2.S----------0 0035-0-------·0-0"17­
U.M O.M J 7.9 D 0 [}J35 U f) 11 J 

OJ;/\ 018 U QI)(jj7U 00035 LJ OO<f,O 

.I'i I 1.2 I ~.;; I ~:~O I OO~~~ , OO~j~~ 
14 0.16 0.26 0.e3 0 012 O.Ci.3~ 

. ~4 , 1.5 J" 0.48, 1.1 , 0021 ODf3 J 

(' "1-, 013 .1 014 J 00021 J GOY:, .J 

14 1---------O."!"41~J 0.15 JI 0.39 I oco«. o.«. J 

q 1.9 ., 0.62 2.3 0.18 0.18J' J' 
: ·1 0 OBD .J Gon J 0 033 J 0 0035 U a 0069 J 

2.4 J 2.1 J 150 00045 C 80 
.1: ; 4,' [?( 11 D 00035 U 0071 J 

o. ;'t ' . , , 0.50 I 0.17 J' 0.18 J , 00028 J 0 OS! .1 

COBC J 0 027 J 3.5 0 ooas a r 14 
14 J 290 00031 J Ob7 .J 

1.:1 1:. J 7.7 0 CJ0059 Q 48 
1 :-. G t,J 1 :) G026 0 '1 
1~ f) :J 30 C.5:":1 1 0 

3 :. 57 0011 C j2 
oO'J/'_' UJ G \J OO<.i3S J ODOrI \J 

13 4K: &.4 U h 

r .-~-:-J 
L,~ 

Kt,.uh!> 
--·----wEH=SEO:fA~-264_9 

41~bijW6 

AII.d.,h ~y~ 

808 0 
(; 43 \1 

632 D 

*72 
126 

16 J 

4:> 
164 
18-1 

1,724 D 
1,464 0 

, ~ 21 J 
402 

J,m D 
885 D 
1i1 

),422 
I.~ 

-".'fIcLjf')J 

') 

..t; ,j~,'! -.~ 'ha~~' j'::'~"'il . l~·r)!'::t.j 

Ir,c .:1: <tl,.:.:V.,H, I~ ~,r :Jt.:.,":",< .It or dl".' • t l"c rq.~lr!l·:l • <lldt 

inc .".'I,lt: V,oJ,>fl'~ Jt:ll<kJ..I1 or d~";'1.: lilt· reporteq valoe nit: q"dnl,lill"jn I':. (1:1 ,,511md,I(Jn 

,j': ~ tv:1 



i" \ ~ J • .... 

l "!, :)c1~i;:~ t ~,u,;.1:,,'e5 of i,rlldld 

• C~"'J.k(': i.IL; L~ J; .. J; ,,In '"',v;'),J(! 

::>.,ollplt: ID WEH·SED-1A·33·8·11 WEH·SED-1A·34-6·10 
p ~ .Idtr'· 4/26/2006 4/26/2006 
.r: 8 -11 6 -10 

Cllt:lIll~dl 

\~_j~,Jl.iP.__ ' __ ,_.,_ Ancdyttt__ 
~'I.1t·III)"ndphtl\dlell~ 

j',_Lild~nlht:fIt. 

i ... , t:lh.Jpllltii1t;/lc 

f\1Hflrdl-t:Ilt:. 

ht:lu'u 1(2) dflttir"'L,I:lI~ 

lJJ pyft::lk 

1'\.;')':" (0) t1UUfdfllrll:fll_ 

r", r'.t:! I': v I:) ,til) pl~ryknt:; 

t,l:fiLU \1\) flue;ldlllth.:lie 

t'·' 1..r)I~::WIIt: 

i li[,t;(,tO IdJI) dnUUd':'t'ilt.: 

t luOf .mtnene 

rlll,lIt'llt: 

t '.1 111,kil;' (lL :)·rJ) p J l t :l\ t ' 

i-"dprltndk:llt: 

rJI'd idnllH~lle 

r")lC"lt 

: ul'-li lH:t Ib)lludrdl\tlll:rh.;~ 

dldl Hi1AH 

luldll tJ,.\H 

t"ellt,!, nlt 1luptlt'1I01 

i i: ;...'" 't)i1-C}lIUIt;~d kdfl~t; ()r~d/l'C,=, 

It''rl',)', i PH-"Cff\totol Uti Rdr''Jt Ut~'.:illl~::' 

0.072 J 1.7 J 
O.M	 2.4 

0.010 J 0.0039 UJ 
0.63	 3.6 

iIII-------::: 1 ~:~: JI~ ---
0.41	 0.30l...._-------­0.074 J 0.035 J 

0.089 J 0.075 J

I 0.46 , 1.1 JI 
0.025 J 0.017 J 

1.9 J 3.0 
0,18 J a.~ 

0.11 J 0.050 
0.099 J 4.4 

2.7 J __ ..,6.8 
1.6 J 2.4 

0.50	 0.38 
5.4	 7.8 
5.0	 19 

0.38	 U 0.39 U 
77 150 
48 U 56 U 

fit y ,.~ei~llllt:~ult t~AIA;:l:j;:, Lf\L l 

r--!Ufy Wt;.~t1t result C::IH,t"'l-JS MICA SUII CLJL 
c=:JU!y v'iuyllt It::>ult ~Alll:j~ 00t11 LAE rand rJ1TCA ~U11 CUL 

, .I-L"\ 11<l11/ldllLlh.J u.suns not applH<Jblc, "ll'IOe concentrauons <: O.5;~. 

I' ,1'1' :~.r L e,;"j 

t,~', -.,,] - 'l"./L'uUI \"l,;i~tlt ~,'JI"l-ycliL. alOllldtll- hydrOCdrbon 
.	 i,.,.,l ,( .-1p·~.ctlt:llt dft".h t1Uto~/ll.llLj
 

I ... 11,\JIt.:Lllbf \',/t!l~ttt pOl;c,dlC d'ullldtli., hydrocarbon
 

.t 111..1; .J1l;:::' p,:r klloyldm
 

:";'iud liJ"'il:~ COlltl"I;"',!
 

·l,,~,lt( dIUllldth/1)lirU\-dllhJIl
 

"!:I'.fII, Ji U l' l lt :n 01
 

> ,,1ft .,:Il[ (ludl1l1 ~ltallth:J1 d::.
 

~ ;;..Ji ,'; J.-1I1I'::' CilrO(J/1
 

1 J,' \,;,11 pt:llU!t'ul11 IlY\JIU«lIlJL"I;:)
 

.il) 1e ......J:> ~)_Jsltl'-.id) Il1clltltlLd . 

• 1	 \<;() It 'HL, Ill.)l tide"led dt 1.1; ao.. .t: tr.t~ reported value .
 

.•. ,Il,tc Wd,>i lot ddt:dtJ at 01 abt)l,/e the reported value; the quanutauon 15 an estimation.
 

4 ", I . .; " I', jell 'I,. ,~.; 1 of 1 

I 



I ~. c, I;. l',rl...'f;t.-t:j 

"<·;··~I.:[.j{l L,d.... t: Ii~l'\.c': .)1' F,r'p;H! 

,,;;,.'lltJtt: ILJ WEH-SED-215-SU RFACE WEH-SeD.216-8-12 WEH-5eD.219-2-5 
5/02/2006 4/24/2006 4/28/2006 

0-033 8 -12 2-5 

,.:ht.. .... ' .... 1	 MTCA 
An.1lyll. LAET Soil CUL 

1.1, ;'li:'-l~,!;:r:~-'~~::.'-"- 0-6-7--'320 0.19 J 47 3.9 
, .;'~1; ;f .: r it.·; OS 4.800 0047 J 1.& 12 0 

""'Lli' 

1 3	 0024 J 0.054 OOOSO U 
~ ti :j' ..;.: l d Il;	 (1 Stu L4 nOD o.es 37 11 0 

,if IU d\ ; It: 1 ~1 0.14L ~ 

~') r,..' 'it: 16 0.14 

0.14 I ::: I :~: I ::: ~ 
rl p. :,:, ,,' oGl	 0.15 J 026 1.4 

0.14 

1.4 014 
id t!· -.:,:r,UI! "".f :!t (I ;.;:) 014 

; I. J';',I,:r,e 1''­ ~ :!oo
 
(; ~)4 3,200
 

1 .' ~~ <...;I 1'1; ~.; ,'-.' Ufl U 14 I 0.16 0.35 I 1.6-~ IJ' 
f... ,	 i;t:it ::1 3200 0.20 J 37 2.8 

! ~ :i l ~ f 1'-: 1 ~ 0.20 14 40 0 
t-.J\,.-: . ~b ~,400 1 1 6.6 J 20 0 

3::­ 0.70 25 7.0 
\dl rltJf\H 1~ so 63 83 

eli Lt'AH :.:' 1.4 ~ M 
f·c-·:".,.i..'ur,I,l,. ...1 04 b~ 0.0068 UJ 0.37 U 0.010 UJ 
,t'r! \,i.. [),t:'>,.:itLI U." ....i' .'> :: dOG 8.8 U 320 I 7,700 I 
r'h 1.7I,. r.t 'lC,r (;.I \-<,,', " (\~ ~l :!.OOO 22 U 52 U 1,900 U 

,,-.---_ 1)) :""i" r".--It '~" t ..... ";., LAt-I 

~ - k:) it ,...It ,-'.'" n.'~:' MH ..l\ ~v;i CUL 

L~Ui; 'th. ~j!lr r(;,~.,jt t .. , <:' L,lTl lAf:T dl'd MrCA SOli CUl 

d;~J,,;.-rlu"ll<JIILl;d results /1.)t dppllCdblt: no carbon-normahzed exceedances 

r . 

, it.· ";,,i v.v,;;.1; .l , _,. i di"rluti~ nr~IIU·.-dil)-:')n
 

,~j~.J;;" t:.1 d;\:t., 11ili-,r:cJ
 

'''',c'Jf';~' .j).,. .:.I·,)'··d'l, i~J'l'OCdrL'-);1
 

I"f ~ d'.·1' e'::
 

,\.:,,"::1.,1;', t 

) I, Iii r., Ir,
 

",:1,.;1
 

~ (),., 1!, ~ ")' 

, f t t 'J ,] ~ ;" 

:','1, ..1,:" 

lit It;,.!t:d d: .: d,: .. (! :t1 It~t 'Irh:d "'dhil.~ 

,-I dt,;'c.lt,' ell ~,i",')"; lilt le~0i1t;,1 vdlue: ti.e qcantuat.on is dli esnruanon. 

~ ! ,;~'~ I. i ~, t .. 1 of 1 



",j"llj ..:t~ 

\ it" t.: ~ .J It..' t ' :",tI ,·il r'k; 

ll.;td L \'.:11,,:11,. if1 I~t~clrt 

~-iII'I.1h: ID 

~nt:"'i(.dl 

c..~IUU.t'. 

"{.f' 

• I 

r.«: 

rd i 

1 l.. ~ 

Analyte 
_ M"!lliljldl,lrtIWI~,'~ -- ­

;'.. ,.' d~,r.l ncfll'~ 

,\ Cf'drdlir J Id,l,; 

r\!,ltl; "L·t" Il: 

lAi ...·,· (...ti ~1!lIr<Jx;,l.. 

th,,.,, :,,1] ~)'ft·lll.. 

l>t~i '~) ilJj f1UOldlllfk:ilt 

l.:i: ·/ lJ.L '; pt:r,l';l'l.; 

hI i I~', i \ ~! flui.); dl',I1I"'.;.;; 

I"fi").;)",,!·,t.: 

t-h.' t,'l ,\.. 

..1 .:. ..~"'\. .i; ~!fj t;',v 

N..•,,1 ,If idi{~nc
 

r·'I,t·, ...l!,if,ru[,t;;
 

r' I {t)1 !t.~
 

li·,:,.1 t.it:' :dl""'(old 0",;,(.•, 

1..J''''IHIJAH 

1\1~.d lYAl1
 
Pt.:illd(llj<·.:l'~fid.il
 

It;, i·l)l ,1UIt..~Jd t'<..:J' .Jl: 0, ~Jd' ;.'')
 

.1 !·'t\~_~.~~!~,~I.~~':"'~.?I.I.~:--I":;'(:~!~~_ 

LAET 
067 
o ~, 

1 ~1 

LI~6 

1.3 

16 

Ub( 

14 

023 

1 l 

054 
(It') 

2 1 

1 ~ 

Lb 
~j :! 
1~ 

5.2 

0.4 

MTCA 
Soil CUl 

320 

4800 

L4,000 

014 

014 

0.14 

014 

0.14 

0.14 
3,200 
3200 

0.14 

3,200 

2400 

83 
2,000 
~.O00 

WEH-SED-224--1-3 WEH-SED-227-0.33-1 
5103/2006 4/24/2006 

1 - 3 0.33 -1 

0.27 0.0062 

2.8 0 0.24 
o0035 U 0.0044 

1.3 0.25 

0.81 I 0.18 
0.21 I 0.11 

0.32 I 0.18 

0092 J 

-----0. 25~1 
, 0.76 "1 

--

0.020 J 
4.8 0 
3.6 0 

·,----~0.~18~J.., 

0.97 
9.0 0 
2.EJ 0 

0.57 
99 
18 

0.0070 U 
99 
46 U 

0.042 J 

00"1 J0.25 I 
0.0095 J 

066 J 
0040 J 
0.044 J 

0.021 
015 
0.39 
0.27 
2.0 

071 
0.36 U 

38 
50 U 

i);, "''-~;JI\I r.."~"llt t:-"c..;(·);::, LA, I 

~llr) 'f<t".</ It It.::""j( lA'tel. ,.is r.1 rCA SOilCUl 

~U!Y V,·t.:,jl,! re~·ult fe.. t:tJ;;, lJ.:.ltl LAE. T ano M1CA SOli CUL 

'.,,; liu,dlG/n,allzC:;Q rc~uhs not applicable: all TOC concentrations < 0.5%. 

l.:.,lt 

t ,r-'. , ,J,l[ \"t~:Jr.! 1·,1,,- '):'1.. .-,,[YfldtlC hiJlOcdrl.>on
 

"l>,~I(I'\.~nt erft:, h lilt .,r:~,lj
 

I,'. i' ,uk., JI<1~ .Vt:i~!t ,t f,,:,01)..:), 1,,_ .1".1,: at«. h) urocarbon
 

.' ...I;:,::' t~~i 1...I,iJI...ln~
 

;.,!' ;.L .•t.ll., ..... ::>Lofltr,1IA.. l 

I l;. df' q~-.1t,.: 

( ;·l\t..,'! ()\JdLt, St3i' l,l~':.i;;,
 

,: , d!l, ,.­

; .: ~" \1;,h·,.'ll ':, ;ir. , ;:l L:,
 

'1'•• -. ~ .•~ :!;', t·l,.lt::·~ " ~'. I
 

.ll)~\, , 'kJ! ,j"·!t·!,,,d "I nr .JI.",t..lr.H rt:"fj')rt~d lIallit:
 

•. "I)', J:> rl\)! ddl;·_lt ddt \./ cil)\) .. t; tilt: 1t"f'Ollt:lCl "'dlu~ tile quanutat.cn IS an estimation. 

Jt 4'JJ..J:, (ltlj Page 1 of 1 



--

~ •. ~; 1• 

WEH-SEO-233-SURFACE WEH-SED-234-0.Jl-4-- -- WEH::sEO:ij~-:-3~WEH-SEb:i}~:(C3l4 ,'-WEH-=SE0:23~WEH::sEO:-iJ8.0~3~--
:J/G~."~lt) ~)lu1!}:';{J6 4fLelLJt:AJ 5IOjrLJ<kJ 4f261LOOG !;;/01i2rJ06 

AI.o .ee carbon 
AII ••li\(' lAf-l CUi lIormah~ r...ults norm~l.led rel>ults nonnahzed resulb 

MILA SOIl AI~o ~ carbon All>O "ee carbon AI$o~c.1rbon 

normillized ,eaulb
-C '----[0:''1 ]----------0'018 0032-----· ----614-J 

..... J 
(,,;,·10 .I (,010 (J if: l, o23 U 

~) ~:: 1." 

,'j 3.4 J 

J"l 

1.5 
2.30.28 2.9 

14 0.55013 0.85 
,14 1.0 

0048 018 J fJ13 J 
0.25 1.6 

1.. 0.35 
q 

\..1 cs.. 0.51 
2.2 

'4 

0.29 2.6 

no~00096 J 0060 
8.812 14 

•::;3 J ~ .. 

tJ,I' 1 ~; n OS1 0.23 (114 J 004!1-1 I 4 J'0.16 
G Cj~'1 0043 U oClfj J 0021 032 

1/ J dO 14 10 G 19 3.1 
.: 4, It) 11 9.9 D 1 ~ 3.2 U 

, -it' <.; ,4 11 o 4~ 03& 14 
-t c 'j:', 33 :!L 11 n 
,j.' i e 48 J2 21 14 

CC';-;/:1 UJ (i (J~ ,''' t1 r, 0066 U o O;:"CS1 UJ 00089 UJ 
-;» ,.1 O'j 100 140 1bO 5~ 

.; t .. ··, 

;---__1 

: <.J J'," .~ ~.) ..~ ­L-:J 
~c~,II"_jl;'td xe sulrs 

... - ._ . 
WEH-SED-~l3-SURFACE-- Wt:....:SED-234-0.3i:4-·--WEH:sEO:2jS:Oj~---WEH.:SEO:2J7-1-J---wEH-SEo::m:o"3j:4--WEH:SEO::-2ig:Q~j~---

~.!)2''::.·:)tJ ~,;(J1C\106 4/:!hiL006 510312006 41?~20U6 t,iQl12UOti 

_____ ..~.()1.~. :.!~~ _ C;j3-4 1-3 03.1-4 03j·4 

Arl ..I~lf' 

.h ' 
14 25 101 67 113 ~1 J 
4~, 12 14 U 061 J 0.42 U 1:' LJJ 

41 J 3d 1O~ L6 042 U 27i J 
'1~ 208 0 3L 82 189 

Lt 1~, J 61 11 J 14 J 45 
1b ;:~i 115 It:. 31 8) 

~ " ,'. ,; .J ~ ,) J l'i 41 J 1(J J 11 J 
~ 1 i t J '17 11 81 J L ~ ~ 

l' 3; 187 32 6C 1801j.... 

, .J 11 J 43 12 J (,58 28 
13" 1,006 0 171 J ~1 J 121 . , 38 33 '20 19 J 181 

)'-i ~ ·l ~ 9 J 17 78 J 50 J 13 J 
i" ! 11 31 II 4 j J ;'1 It-, 
& 1 102 101 56 19 J 2Sot 
j", 127 711 [I 1Ot, 3L7 J 492 

') ~~38 1~} 39 111 

',091L~ 3,,1) ~.3~ 3~17 1,164 
\ ~h ~2 181 214 1,116 

r. ~j' l,co (j ':17 U,. [J',! lJ 08.1 UJ 073 LJJ 
-----.-- -------_._----_._._---­ ._~~------_.:...-.-~-_. 

, • ~ '0 " ;.' !~ r . ,j 

:,. ':' ';, 'I<:;:! U~....J~I~" '-.: i~. _L,~ d::, 

- ',i'eI) :JI~dr,(. (<irt".·, 

[;'r;- t~,: ..l ~.·lr0lt:!JIli r.,·.I1'" .Ift,d,,. 

'f 

I 1 ~ t: ',1. ,:,It- '....,,'- ~', .,i:ot':i It''11il,o.;,! 

Tt,,, ;tf, "11e I • ." r' .. ! [I: t£.. !f'Cl "t (JI .. ::".'£ Hoe ;l:i~)1t,j. al"e 
1 r" ar",j,1e.\.J" n:,l ,kIf' :ted at O' dlc,.f tr.c It:POrlt'd ~dllJc tnt' quantrtaunr is dr, estrrr.at.on 

1011 



f\l-r 

WEH:sE0-241-O,33-4 WEtCSE0-2~URFACE-WE-H:SEO:24j:o~ji4 
~Ol!~'!J(itJ Siomow 4Uo' 2CJ~j(, 

MTCA ~od AllilO lile8 carbon Alw 5W carbon Also 5ee carbon 
u~t'l CUI 1l0Hll.lllzed ,el>u'b fIOf mallZlId ,esults OOfmahzad Ul5Ulb 

1.',;, ---·---J'l04?-·----- ---O-CO:>9 C010----­

YJ'.M ooosa o 01u 
':'iJ4i OlH):;,:;, CJ(}J!!J 

.4,1 ('",}7L 01", ,I ~ _ J ._'"1 _ __ 

:-1 

r--, 
,t".J:, i. ~\,L=J 

'! 

1"·,, l.dllll.ahlC.J ReiUhll
 
1~1. I - WEJi..SED-24j:O,JJ-4 WEH:sED-246-SURFACE WEH-SE0-248-0.33-4
 

U(;,:Xu6 ?JO.?J21.1Oti 4/:-8/2006
 

i,-; ......m,..• j 
An.Jli f t U"rll ­

':'"t1", Q :':,', 

. 'J 1>', 042 ,J Otd 
o1S [;11 

4l:l .J 14 
Ii	 b J 11 

1:.' J "d J 
.:'J 16 

j1	 ~, 4 ] .J L ,) 
.J 8~ J 5 :l 

~ 1" ~ -, 'iO 22 
I.' 4 t. o:u J L'Ll J 

..: ::CJ J 59 
c 4,\ i1 34 

.. IJ'tJ" \·1 . ~ ~t3 J j1 
,,' 14 ~,44 

j:' 8S J 64 J 
2~ J 74 
31 21 

144 iLl 
:):., 17 ..' 

},....o 

i :~ i -

t:'!<i10ij,H';:' ',.liU' 

, I i I;.. \:)1;11pelr"J.:i,m r.j.1rv ~drtA::;r,~
 

.'\ :,
 

J Tt.( "n,uik 'II.tS r. 0.,:,.<:1 1 Ilit-n'/t'Ll 

/' l, 1r;,' ,.;','ililc ,\'"" n..,;! Jdl,·;t;:d dt (.[ dt ,.n e It,.> rep..;'teJ I.'cll,;c 

l" ",", ... 'ldJr"lt: "....t'> oct del,',"IN at C~ eft",,"*, tne reported value tile qUdrl,ld!.on I~ ar. esnmat.on 


