
 

 

 

 

 

 

                 

 

  

 

 

                       

 

 

 

                   

 

 

 
 

 

 

 

 

 

 

   

 
 

 
 

 

 

 

 

 

 

 

Lowwer DDuwaamish WWaterwway GGrouup 
P o r t  o ff  S e a t t l e   /  C i t y  o ff  S e a t t l e  /  K i n g  CC T h e  B o e i nn g  C o m p aa n yo u n t y  /  T 

Date February 222, 2013 

To Allison Hilltner and Kaaren Keeley, EPA 

CC Andrew Smmith and Ro n Timm, Ecoology 

From Lower Duwwamish Watterway Grouup 

Subject Developmment of the F inal Technoology Assignnments and MModificatioons to 
Alternativve 5C Plus Sccenario 5a inn Support off EPA’s Prefeerred Alternnative 

On Noveember 11, 20012, EPA proovided commments to LDWWG on the DDraft Techniical 
Memoranndum: Suppplement to thhe Feasibilityy Study for tthe LDW Suuperfund Sitee, Approachhes 
for Addrressing Addiitional Concerns in Alterrnative 5C aand Developpment of Alteernative 5C Plus 
Scenarioss dated Septtember 17, 20012 (referredd to as the “SSupplementtal Scenarioss 
Memoranndum”). Thee memoranddum was finnalized on Deecember 20, 2012 (AECOOM 2012a). EEPA 
requestedd a version oof Scenario 55a with two modificationns plus the ssmoothing oout of the GIIS-
based tecchnology asssignment areeas, similar tto what wass done in thee feasibility sstudy (FS) 
(AECOMM 2012b) to mmore realisticcally reflect implementaable areas fo or active remmedial 
technologgies. This mmemorandumm describes hhow the Scennario 5a foottprint was mmodified andd 
presents the revised areas, volummes, and cossts based on these modiffications. Alsso included in 
this memmorandum arre additionaal metrics froom the FS related to bothh short- and long-term 
effectivenness, such ass: long-term spatially-weighted averrage concenntrations (SWWACs), post-­
constructtion surface and subsurfface sedimennt exceedancces of Washiington Statee Sediment 
Managemment Standaards (SMS) crriteria, air quuality impaccts during coonstruction, and subsurfface 
statistics for remaininng PCB conttamination in sediment. The modifieed version oof Scenario 55a 
was requuested to suppport EPA’s developmennt of the preeferred alternnative and wwill likely bee 
called EPPA’s Preferreed Alternativve by EPA.1 Modificatioons to Scenarrio 5a are baased on channges 
specifiedd by EPA dirrection and ddo not implyy any positioon by LDWGG. 

Modifications to SScenario 5aa 
As descriibed in the SSupplementaal Scenarios Memoranduum, Scenarioo 5a had surrface sedimeent 
remediall action levells (RALs) of 2 times sediiment qualitty standardss (2xSQS) forr SMS 
contaminnants that haad been idenntified as conntaminants oof concern (CCOCs) in thee remedial 
investigaation (with thhe exclusionn of PCBs annd arsenic beecause they aare also humman health riisk 
drivers) aapplied to RRecovery Cattegory 2 andd 3 areas. Forr Modified SScenario 5a, EPA has 
specifiedd that the surrface sedimeent RAL be mmodified to 22xSQS or thee cleanup sccreening leveel 
(CSL), whichever vallue is lower.. As shown iin Table 1, thhis change wwould reduce the RAL foor 19 
of 39 nonn-human heaalth SMS COOCs from 2xSSQS to the CCSL. This chaange in RALLs is reflected in 
Table 2, wwhich provides all the RRALs and uppper limits (UULs) for enhhanced naturral recovery 

Also referrred to as Remediaal Alternative 5C PPlus. 
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Memorandum to EPA aand Ecology	 February 22,, 2013 

(ENR) foor Modified SScenario 5a. The surfacee sample locaations abovee these RALss are shown in 
Figure 1. 

The Suppplemental Sccenarios Memmorandum (AECOM 20012a) and thee FS (AECOOM 2012b) reefer 
to areas tthat are not aactively remmediated (andd have surfaace sedimennt concentrattions below tthe 
SQS) as: (a) the area of potential concern (AOOPC) 2 outsiide of AOPCC 1, and (b) tthe remaininng 
study areea; both of thhese are alsoo labeled as ““institutionaal controls, ssite-wide moonitoring” inn FS 
Alternatiive 5C tabless and on figuures. For thee Proposed PPlan, EPA is changing thhe name of thhese 
areas to ““MNR2 Beloow SQS.” Forr this memorandum, Figgure 2 repressents Modifiied Scenarioo 5a 
using thee same nomeenclature as in the FS Suupplementall Scenario MMemorandumm, and Figure 3 
represents the data uusing the nommenclature ppreferred byy EPA for the Proposed Plan. Other than 
labeling aand coloringg, there is noo difference iin how the vvarious areaas would be mmanaged 
between the Supplemmental Scenaario Memoraandum and the Proposeed Plan (i.e., in terms of 
monitoring density, ffrequency, aand contingeency actions for sedimennt). 

The Suppplemental Sccenarios Memmorandum assigned tecchnologies bbased strictlyy on mappinng 
output frrom GIS. Besst professionnal judgmennt (BPJ) was nnot used to ssmooth-out the small arrea 
and sliveer artifacts thhat often occcur during GGIS mappingg, as was donne for all of tthe FS 
alternativves. In this mmemorandumm, the Modiified Scenariio 5a footpriint and its teechnology 
assignmeents from th e GIS outpuut were smooothed out ussing BPJ as wwas done forr the alternattives 
in the FS. Small areass or slivers oof technologiies were lummped togethher with nearrby technoloogy 
assignmeents to makee areas that aare more reaalistic for remmediation byy dredging, capping, and 
ENR techhnologies annd that woulld be large enough to remmediate wit th normal eqquipment. Thhe 
minimumm size was ggenerally set as 100 ft x 1100 ft, but smmaller technoology assignnment areas were 
used wheere appropriiate, based oon the waterrway’s physiical features. For example, if a remedial 
area wass based only on the exceeedance of ann intertidal RRAL, the are a was truncaated at the eend 
of the inttertidal area even if the iintertidal areea was smalller than 100 ft wide. Thiis mapping 
process hhas highlighted the unceertainty in thhe technologgy assignmennts for remeedial areas thhat 
are driveen by subsurrface RALs aand core polyygons. Techhnology assiggnments for individual aareas 
are likelyy to be modified as addittional data bbecome avaiilable duringg remedial ddesign. 

Estimatted Areas, Volumes, and Costss 
Estimated areas, voluumes, and coosts are pressented in Tabble 3. The coonstruction ttime for 
Modifiedd Scenario 5aa is 7 years, tthe same whhen roundedd as for Scennario 5a in thhe Supplemeental 
Scenarioss Memoranddum. The drredge acres i ncreased annd the MNR acres decreaased in Moddified 
Scenario 5a. This chaange in acreaage occurredd for two reaasons: perforrming GIS smmoothing3 foor 
mappingg technologiees, and decreeasing the suurface sedimment RAL froom 2xSQS too the CSL in 
Recoveryy Categories  2 and 3. If tthe smoothinng function wwas appliedd to Scenarioos 5a and 5b in 
the Suppplemental Sceenarios Memmorandum, iit would havve the same net effect (mmore 
dredgingg/less MNR in areas currrently assignned to MNRR). The net ddifference between Scenaario 
5a and MModified Scennario 5a is estimated to be only a feww acres (assuuming the s moothing 

2	 MNR is moonitored natural reecovery. 
3	 GIS smootthing accounts forr roughly 90% of thhe changes in acreeages assigned too dredging, partiall dredging and cappping, capping, ENNR, or 

MNR. The  change in surfacee sediment RAL aaccounts for the remaining change inn acreages. The RRAL change may aaffect additional a cres 
when new data are collectedd. 
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Memorandum to EPA aand Ecology February 22,, 2013 

function was appliedd to both) baased on the RRAL change for non-humman health SSMS 
contaminnants and ussing the FS bbaseline dataaset (althouggh the uncer tainty in this estimate iss 
noted above). The roounded total dredge voluume for Moddified Scenaario 5a remaiins the samee as 
for Scenaario 5a (790,0000 cy), becaause the incrreased volumme resultingg from an inccrease in 
dredgingg area was offfset by decrreased continngency voluume due to aa decrease inn MNR area. 

The costss for the Moddified Scenaario 5a, preseented as net present valuue using a 2.3% discounnt 
rate (samme as in the FFS), are slighhtly higher thhan for Scennario 5a in thhe Supplemeental Scenariios 
Memoranndum. A detailed suppoorting cost estimate for MModified Sceenario 5a (inncluding cappital 
costs, preesent value aadjustment, contingencies, agency ooversight, repporting, andd monitoringg 
costs) is ppresented inn Table 4. In addition, Taable 3 providdes the estimmated net pr esent value costs 
developeed for FS Altternative 5C,, Scenario 5aa, and the MModified Scennario 5a usinng 0% and 7 % 
discount rates, consisstent with thhe sensitivityy analysis prresented in tthe FS. 

Comparrative CERRCLA Evaluuation 
Table 5 pprovides the Comprehennsive Environmental Ressponse, Commpensation, and Liabilityy Act 
(CERCLAA) thresholdd and balanccing criteria ffor Modifiedd Scenario 5aa, in additioon to the 
information already provided foor the Suppleemental Scennarios. Tablee 5 presents informationn in 
the samee format as TTable 10-1 in the Final FSS and Table 111 in the Suppplemental SScenarios 
Memoranndum. 

Like FS AAlternative 55C and the oother Supple mental Scennarios, Modiified Scenariio 5a is prediicted 
to achievve the threshhold criterionn of overall pprotection off human heaalth and the environmennt 
through varying commbinations oof engineerinng controls, nnatural recovvery, and innstitutional 
controls. Modified Sccenario 5a iss not expecteed to fully coomply with the Model TToxics Contrrol 
Act (MTCCA) requiremment of natuural backgroound prelimiinary remeddiation goalss (PRGs) (forr the 
three riskk-driver COCCs with riskk-based goalss below natuural backgroound) or wit h applicablee or 
relevant and approp riate requireements (ARAARs) for watter quality. 

Modifiedd Scenario 5aa has only mminor changees to total drredge volumme and constrruction timee 
compared to those foor Scenario 55a (see Tablee 5)4; the bedd compositioon model (BCCM) predicts 
that this modified sceenario achieeves similar SSWACs for tthe four humman health rrisk drivers 
(PCBs, arrsenic, cPAHHs, and dioxins/furans) in the same  time framess and with eequivalent 
degrees oof uncertaintty as Scenar io 5a (Table 6). 

Modifiedd Scenario 5aa is predictedd to achievee magnitudess of human hhealth and eecological rissks 
equivalennt to those foor Scenario 55a. Thereforre, the prediccted times too achieve thee cleanup 
objectivees (shown in Table 5) forr this modifieed scenario rremain unchhanged fromm those for 
Scenario 5a in the Suupplemental Scenarios MMemorandumm (AECOM 2012a). Tablles 7a, 7b, annd 7c 
present tthe risks assoociated withh: total PCBs for human hhealth seafoood consumpption (RAO 1), 
total PCBBs for river ootter (RAO 44), and all fouur risk driveers for humaan health dirrect contact 
(RAO 2). 

4 Modified SScenario 5a has in crementally largerr volumes comparred to Scenario 5aa; however, the diffferences are not llarge enough to bee 
evident aftter rounding to twoo significant figurees (790,664 cy for Modified Scenarioo 5a compared to 785,216 cy for Sccenario 5a). 
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Memorandum to EPA aand Ecology February 22,, 2013 

Table 8 shows the prredicted postt-constructioon exceedannces of SMS ccriteria for MModified 
Scenario 5a. As for Sccenario 5a, tthis modifiedd scenario iss predicted tto be at or beelow the SQSS 
within 5 years after tthe start of clleanup, and  has a few ppredicted poiint exceedannces for 
phthalatees located neear outfalls. The BCM ouutput, showwn in 5-year iincrements, does not porrtray 
any diffeerence betweeen Scenarioo 5a and Moddified Scenarrio 5a. However, Modifiied Scenarioo 5a 
reduces uuncertainty iin meeting tthe SQS withhin 10 years by addressinng contaminnation that 
exceeds tthe CSL wheere 2xSQS is greater thann the CSL. 

Table 9 pprovides the magnitude of residual rrisks for Modified Scenaario 5a preseented as postt­
constructtion sedimennt conditionns (long-termm effectiveneess and permmanence criteeria). The 
magnitudde of risks iss based on thhe amount oof contaminaation remainning in the suubsurface 
sedimentts after remeediation andd the potentiaal for exposuure of subsuurface contammination. Thhe 
metrics innclude: the nnumber of c ores remaining in the suubsurface, thhe number oof acres of 
remaininng subsurfac e sediment ccontaminatioon that coul d be disturbbed, and PCBB concentrattion 
statistics in the upper 2 ft of sediiments, whicch all indicatte only smalll differencess compared to 
Scenario 5a. Comparred to Alternnative 5C (Taable 10), Moodified Scenaario 5A reduuces the 
subsurface concentraations in both Recovery Category 1 aand Recoverry Categoriees 2 and 3. Inn 
addition,, Modified SScenario 5a hhas a low po tential to exppose remainning subsurfface sedimennt 
contaminnation as a reesult of unannticipated disturbance eeffects, and hhas a low pootential to afffect 
long-termm SWACs. 

Modifiedd Scenario 5aa ranks simillar to Scenarrio 5a for moonitoring annd maintenannce, becausee it 
requires long-term mmonitoring oof a large area, seafood coonsumptionn advisories,  public outr each, 
and educcation programs (Table 55). 

In terms of reductionns in mobilitty, toxicity, aand volume (Table 5), MModified Scennario 5a is 
equivalennt to Scenariio 5a becausse it does nott include anyy ex situ treaatment and tthe areas usiing in 
situ treatment as a coomponent off ENR have nnot changedd from Scenaario 5a. 

A summary of the shhort-term efffectiveness mmetrics is preesented in TTable 11. Estiimates of gas 
and partiiculate emissions, energgy consumpttion, landfill capacity connsumed, carrbon footprinnt 
and deplleted naturall resources ffor Modifiedd Scenario 5aa vary slighttly from thosse for 
Scenario 5a. 

Modifiedd Scenario 5aa has a periood of commuunity exposuure (includinng noise, trafffic, air 
pollutionn), worker exxposure, ecoological distuurbance, andd elevated fish and shelllfish tissue 
concentraations from resuspensioon of contamminated mateerial equal too the estimatted dredgingg 
duration of 7 years. FFor this moddified scenarrio, active remmediation wwould impacct the benthiic 
communnity within a similar areaa of intertidaal and shalloow habitat ass Scenario 5aa (Table 5). 

Modifiedd Scenario 5aa takes 15 yeears to achievve the cleannup objectivees, which is tthe same timme 
frame as for Scenarioo 5a in the Suupplementall Scenarios MMemoranduum5 (AECOMM 2012a), wiith a 

5 Note that tthe time to achievee cleanup objectivves reported for al l alternatives (15 yyears) is relative too the BCM outputt, which is generatted in 5­
year incremments (see Table 6). However, in booth the FS and in the Proposed Pla n the values are aadjusted based onn time post-construuction. 
For exampple, in the Proposeed Plan, both FS AAlternative 5C andd Modified Scenariio 5a are shown aas requiring 17 yeaars to achieve cleaanup 
objectives versus 15 years in this memoranduum. This is becausse the constructionn time frame of 7 yyears was roundeed to the nearest 55-year 
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Memorandum to EPA aand Ecology February 22,, 2013 

somewhaat lower deggree of uncerrtainty (due to the 16 acrres of MNR)) compared tto Scenario 55a 
(27 acres of MNR). 

Modifiedd Scenario 5aa is technicallly and admministrativelyy implementtable duringg and after 
constructtion, becausee of its minoor need for aadditional acctions after ddredging andd capping ass a 
result of its more striingent surfacce RALs (Taable 5). This mmodified sceenario has aa lower potenntial 
to requir e contingenccy actions inn the future tthan Scenariio 5a because it has feweer acres of MMNR. 

The estimmated net prresent value cost of Moddified Scenarrio 5a is $3055 million (Taable 4), whicch is 
slightly hhigher than ffor Scenario 5a (Table 3)). FS Alternaative 5C, Suppplemental SScenario 5a, and 
Modifiedd Scenario 5aa are predictted to achievve the total PPCB excess ccancer risk oof 2 × 10-4 forr the 
Adult Tribal RME seeafood consuumption scennario at the eend of the coonstruction period. 
Althoughh the BCM ppredicts the ssame risk ouutcomes for SScenario 5a and Modifieed Scenario 55a, 
Modifiedd Scenario 5aa reduces unncertainty byy addressingg more contaamination thhrough activve 
remediattion rather thhan relying oon natural reecovery preddictions. 

Referennces 
AECOM 2012a. Techhnical Memoorandum: Suupplement too the Feasibiility Study foor the LDW 

Suuperfund Site, Approachhes for Addressing Addditional Concerns in Alteernative 5C and 
DDevelopmentt of Alternattive 5C Plus Scenarios. PPrepared for the U.S. Envvironmentall 
PProtection Aggency and WWashington SState Departtment of Ecoology. Prepaared by the 
LLower Duwaamish Waterwway Group. December 220, 2012. 

AECOM 2012b. Finall Feasibility SStudy. Lower Duwamish WWaterway, Seeattle, WA. Prrepared for the 
UU.S. Environmmental Proteection Agenccy and Washhington Statte Departmeent of Ecologgy. 
PPrepared by tthe Lower DDuwamish WWaterway Grroup. Octobeer 31, 2012. 

Windwarrd Environmmental, LLC 2007a. Baseline Ecologicaal Health Riskk Assessment,t, Lower 
DDuwamish Waaterway. Finaal. Prepared for Lower DDuwamish WWaterway GGroup for 
suubmittal to UU.S. Environnmental Prottection Agenncy, Seattle, WA and Waashington 
DDepartment oof Ecology, BBellevue, WAA. July 31, 2007. 

Windwarrd Environmmental, LLC 2007b. Baselline Human HHealth Risk AAssessment, LLower Duwammish 
WWaterway. Finnal. Preparedd for Lower Duwamish Waterway GGroup for suubmittal to UU.S. 
Environmenttal Protectionn Agency, Seeattle, WA aand Washinggton Departmment of Ecology, 
Bellevue, WAA. Novemberr 12, 2007. 

Windwarrd Environmmental, LLC 2010. Lower Duwamish WWaterway Remmedial Investtigation, Remmedial 
Innvestigation RReport. Finall. Prepared f or Lower Duuwamish WWaterway Grooup for 
suubmittal to UU.S. Environnmental Prottection Agenncy, Seattle, WA and Waashington Sttate 
DDepartment oof Ecology, BBellevue, WAA. July 2010. 

increment for purposes of thhe BCM. The time to achieve cleanuup objectives was predicted to be 155 years in the BCMM, or 10 years posst­
constructioon. An actual consstruction time of 7 years plus 10 yeaars post-constructiion equals 17 yea rs following the beeginning of constr uction. 
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Memorandum to EPA aand Ecology	 February 22,, 2013 

Table 1 SSMS Criteria aand 2xSQS ve rsus CSL Remmedial Action Level Analysiis for Surface Sediment 

SMS Conttaminant of Conncern SQS 2xSQS CCSL Unnit 
2xSQ 

th 
QS greater 
an CSL? 

Metals 
Cadmium 5.1 10.2 66.7 mg/kg ddw Yes 
Chromium 260 520 2270 mg/kg ddw Yes 
Copper 390 780 3390 mg/kg ddw Yes 
Lead 450 900 5530 mg/kg ddw Yes 
Mercury 0.41 0.82 00.59 mg/kg ddw Yes 
Silver 6.1 12.2 66.1 mg/kg ddw Yes 
Zinc 410 820 9960 mg/kg ddw No 
PAHs 
2-Methylnapphthalene 38 76 64 mg/kg ooc Yes 
Acenaphtheene 16 32 57 mg/kg ooc No 
Anthracene 220 440 1,,200 mg/kg ooc No 
Benzo(a)anthracene 110 220 2270 mg/kg ooc No 
Benzo(a)pyrene 99 198 2210 mg/kg ooc No 
Benzo(g,h,i))perylene 31 62 78 mg/kg ooc No 
Total benzoofluoranthenes 230 460 4450 mg/kg ooc Yes 
Chrysene 110 220 4460 mg/kg ooc No 
Dibenzo(a,hh)anthracene 12 24 33 mg/kg ooc No 
Fluoranthenne 160 320 1,,200 mg/kg ooc No 
Fluorene 23 46 79 mg/kg ooc No 
Indeno(1,2, 3-cd)pyrene 34 68 88 mg/kg ooc No 
Naphthalen e 99 198 1170 mg/kg ooc Yes 
Phenanthreene 100 200 4480 mg/kg ooc No 
Pyrene 1,000 2,000 1,,400 mg/kg ooc Yes 
Total HPAHHs 960 1,920 5,,300 mg/kg ooc No 
Total LPAHs 370 740 7780 mg/kg ooc No 
Phthalates 
Bis(2-ethylhhexyl)phthalate 47 94 78 mg/kg ooc Yes 
Butyl benzyyl phthalate 4.9 9.8 64 mg/kg ooc No 
Dimethyl phhthalate 53 106 53 mg/kg ooc Yes 
Chlorobenzzenes 
1,2,4-Trichloorobenzene 0.81 1.62 11.8 mg/kg ooc No 
1,2-Dichloroobenzene 2.3 4.6 22.3 mg/kg ooc Yes 
1,4-Dichloroobenzene 3.1 6.2 9  mg/kg  ooc No 
Hexachloro benzene 0.38 0.76 22.3 mg/kg ooc No 
Other SVOCs and COCs 
2,4-Dimethyylphenol 29 58 29 µg/kg ddw Yes 
4-Methylpheenol 670 1,340 6670 µg/kg ddw Yes 
Benzoic acid 650 1,300 6650 µg/kg ddw Yes 
Benzyl alcohol 57 114 73 µg/kg ddw Yes 
Dibenzofuraan 15 30 58 mg/kg ooc No 
n-Nitrosodipphenylamine 11 22 11 mg/kg ooc Yes 
Pentachloroophenol 360 720 6690 µg/kg ddw Yes 
Phenol 420 840 1,,200 µg/kg ddw No 

Notes: 
1.	 The SMMS contaminants tootal PCBs and arssenic are not showwn because they aare also human heealth risk drivers. TThe site-wide surfaace 

sedimennt RALs for these contaminants aree the SQS. 
2.	 Five othher SMS contaminnants (diethyl phth alate, di-n-butyl phthalate, di-n-octyyl phthalate, hexacchlorobutadiene, aand 2-methylphen ol) are

not listeed because they wwere not identified as COCs during t he remedial invesstigation. 
COC = contaaminant of concernn; CSL = cleanup sscreening level; dww = dry weight; HPPAH = high-moleccular-weight polyccyclic aromatic 
hydrocarbon;; kg = kilogram; LPPAH = low-molecuular-weight polycycclic aromatic hydroocarbon; µg = miccrograms; mg = mmilligrams; oc = orgganic 
carbon; PAH = polycyclic arommatic hydrocarbon; PCB = polychlorinated biphenyl; S MS = Sediment MManagement Standdards; SQS = sed diment 
quality standaard; SVOC = sem ivolatile organic coompound 
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TTable 2 Remeedial Action Levvels (RALs) and UUpper Limits (ULLs) for ENR for MModified Scenariio 5a 

Risk Driver Units 
RAL 

for 
L or UL 
r ENR 

Intertidal 
(+11.3 ft MLLW 

Sediments 
W to -4 ft MLLW) 

Subt 
(-4 ft M 

tidal Sediments 
MLLW and Deeper) 

Recoveryy Category 1 Areas 
Recovery Catego 

Areas 
ory 2 and 3 

s Recoovery Category 1 Areeas 
Recovery Ca 

A 
ategory 2 and 3 
reas 

4 in (10 c 
depth inte 

cm) 
erval 

1.5 ft (45 cm) 
depth interval 

4 in (10 cm)
depth interval 

1. 
de 

.5 ft (45 cm) 
epth interval 

4 in ( 
depth 

(10 cm) 
h interval 

2 ft (60 c 
depth inte 

cm) 
erval 

4 in (10 cm)
depth interval 

2 ft (60 cm) 
depth interval

(applied only at
potential tug
scour areas)a 

PCBs (Total)
 m

gg/kg oc RRAL 12 12 12 65 12 12 12 195 
UL foor ENRb -­ -­ 65 97 -­ 65 195 

cPAH µg TEQ/k g dw RRAL 1,000 900 1,000 900 1,,000 1,000 1,000 -­
UL foor ENRb -­ -­ 3,000 1,350 -­ -­ 3,000 -­

Dioxins/Furans ng TEQ/kg dw RRAL 25 28 25 28 225 25 25 -­
UL foor ENRb -­ -­ 75 42 -­ -­ 75 -­

Arsenic (Total) m gg/kg dw RRAL 57 28 57 28 557 57 57 -­
UL foor ENRb -­ -­ 171 42 -­ -­ 171 -­

39 SMS 
contaminantsc 

con 
spe 

ntaminant­
ecific 

RRAL SQS SQS 2xSQS not to 
exceed CSLd 

-­ SSQS SQS 2xSQS not to 
exceed CSLb 

-­

UL foor ENRb -­ -­ 3xRAL -­ -­ -­ 3xRAL --
NNotes: 

-- = no action level 
11. The evaluation depthh intervals for sediment are 10 cm, 45 cm, or 660 cm, depending on the location and recoveryy category.

aa. Potential tug scour areas are defined as s ubtidal areas above -244 ft MLLW north of 1st AAve South Bridge, and above -18 ft MLLW souuth of 1st Ave South Brridge.
 
bb. ENR is not an optioon in Recovery Categorry 1 areas. Upper limits for ENR are therefore shown only for Recoveery Category 2 and 3 arreas.
 
cc. There are 41 SMS contaminants of conce rn, but PCBs and arsennic are addressed as huuman health risk driverss. 

dd. Surface sediment RRAL in Recovery Categ ory 2 and 3 areas is 2 ttimes the SQS or the CCSL, whichever is lowerr for non-human health risk drivers. 


ccm = centimeter; cPAH = carcinogenic polycycclic aromatic hydrocarb on; CSL = cleanup screeening level; dw = dry wweight; ENR = enhanceed natural recovery; ft == feet; in = inch; kg = ki ilogram; µg = 
mmicrograms; mg = milliggrams; MLLW = mean lower low water; ng = nanograms; oc = organic carbon; PCB = polychhlorinated biphenyl; RAAL = remedial action levvel; SMS = Sediment MManagement 
SStandards; SQS = sedimment quality standard; TEQ = toxic equivalentt; UL = upper limit 
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Memorandum to EPA aand Ecology Febbruary 22, 20113 

Table 3 FS Alternnative 5C, Suupplemental SScenario 5a, and Modified Scenario 55a: Estimatedd Areas, Voluumes, Constrruction Timess, and Costss 

Remedial Scenaario 

Remedia l Technology andd Areas 

Dr 

V 

redge-cut 
Prism 

Volume 
(cy)d 

Perfor 
Contin 

Vol 
(c 

rmance 
ngency 
ume 

cy)e 

Total 
Dredge 
Volume 

(cy)f 

e 
me 

Total Plac 
Volum 

(Capping, EN 
Dredge Res 

Habita 
(cy) 

cement 
me 
NR/in situ, 
siduals, 
at) 
) 

Const 
Time 

(ye 

truction 
Frame 
ars)g 

C 
($MM Ne 

Va 

Cost 
et Present 

alue)h 

Hig 

($MM 
d 

h/Low Sensitivity 
Costs 

 undiscounted/7 
discount rate) 

y 

%EAAs 
(acres) 

Activeely Remediated Areas withoout Active Remediation 

Total 
Active 
(acres) 
A 
( 

Total n 
active 

remedia 
(acres 

not 
ly 

ated 
s) 

Total 
Study 
Area 

(acres) 
D 
(a 
Dredge 
acres) 

Partia 
and Ca 

al Dredge 
ap (acres) 

Ca 
(acre 

p 
es) 

ENR/ 
in situ 
(acres) 

M 
(ac 
MNRa 

cres) 
VMb 

(acres) 

Institutional Co 
wide Monitorin 

Recov 
(AOPC 2 and R 

(acre 

ontrols, Site-
g, & Natural 

very 
est of LDW)c 

es) 

FS Alternativve 5C 29 57 23 244 53 0 23 2322 157 255 441 6640,000 1100,000 750,00000 580,0 00 7 $290 $330 / $240 

Scenario 5ai 

Subsurfac 
PCBs (int 
of 2xSQS 

i,j,k,l 

ce RAL of CSL/ 3x 
tertidal/subtidal), a 

S for non-HH risk d 

xCSL only for 
and surface RAL 
drivers 

29 62 16 233 48 27 17 2200 148 264 441 6650,000 1300,000 790,00000 560,0 00 7 $303 $345 / $245 

EPA Preferre 
modified wit 
smoothing (
adjusted to C 
applicable n
contaminant 

ed Alternative (S 
th technology ass 
BPJ) and surface 
CSL when 2xSQS 
on-human health 
ts) 

cenario 5a 
signment 
e sediment RAL 
S is greater for 
h risk driver SMSS 

29 64 20 244 48 16 17 2233 156 256 441 6670,000 1200,000 790,00000 590,0 00 7 $305 $348 / 247 

Notes: 
1. Areas are rrounded to the neaarest acre. Acres fo r all remedial alternnatives add up to thhe total study area of 441.3 acres; appparent discrepanciees in total areas aree due only to roundding. Volumes are rounded to two signnificant figures. Voluumes are calculateed in a spreadshee t prior to rounding; apparent discrepa ncies in total volummes are due only to 

rounding. VVolumes and costs do not include the EAAs. 
a. MNR is moonitoring to achievee the SQS within 100 years following coonstruction. This is referred to as MNRR (Surface Sedime nt >SQS) in Figuree 3. 
b. VM areas aare included as MNNR (Surface Sedimeent >SQS) in Figure 3. 
c. Institutionaal Controls, Site-widde Monitoring and NNatural Recovery (AAOPC 2 and the Reest of the LDW) aree referred to as MNNR (Surface Sediment <SQS) in Figurre 3. 
d. The dredgee-cut prism volumee estimate is the ne at-line volume to thhe maximum depth of SQS exceedancces plus an additio nal 50% to account for overdredging, additional sedimennt characterization, cleanup passes foor residuals manageement, and additionnal volumes for connstructability (e.g., stable side slopes)). 
e. Performancce contingency vol umes account for cchanges in technoloogy assignment an d performance-bassed contingency asssumptions (e.g., 155% of ENR/in situ, MNR, and VM areaas are assumed to require dredging baased on long-term monitoring results)). There are no conntingency actions aassumed in the areaas identified with institutional control and 

natural recovery. 
f. Total dredgge volume equals ddredge-cut prism voolume plus the perfformance contingenncy volume. Roundded values are showwn in the table. Co st calculations are performed on unro unded values. 
g. Constructioon time frame estimmated based on opeen water dredge-cuut prism volumes. 
h. Net presennt value costs are calculated assumingg a discount rate off 2.3% on both cap ital and monitoring costs starting at t hhe beginning of connstruction. Best estimate cost assumpttions are considereed accurate to +50%% and -30%. 
i. Changes too FS Alternative 5CC for the Supplemental Scenario 5a annd Modified Scenarrio 5a include the thhree base elementts: dredging of navi gation channel shooaling areas exceedding Alt. 5C RALs, 1 sample/acre for mmonitoring in AOPCC 2 and the Rest off LDW, and 4-ft capp thickness in interttidal areas. Additional remediation also added a 45-cm 

vertical point of compliance a nd an intertidal RAL of the SQS for PCCBs. Volumes weree estimated using tthe maximum conccentrations in the uppper 45 cm of coress, delimited horizonntally using core poolygons restricted too areas with surfacee sediment PCB cooncentrations >1000 µg/kg dw (i.e., ~cclipped to AOPC 2 bboundary). The addditional remediation 
due to subssurface concentrat ions in navigation cchannel shoaling arreas was estimatedd using the maximuum concentrations in the upper 2 ft of cores, delimited hoorizontally using co re polygons restrictted to areas where the existing bathymmetric elevations wwere above the authhorized navigation channel depth. Co ncentrations >Alternative 5C RALs 
were assigned to partial dredgging/capping or dreedging based on th e technology assig gnment assumptionns in the FS. 

j. Scenario 55a and Modified Sceenario 5a include aan intertidal RAL of the CSL for PCBs to 45 cm depth, appplied only to Recovvery Category 2 annd 3 areas (RALs foor Recovery Categoory 1 areas remain the same as for FSS Alternative 5C). 
k. Subsurfacee RAL applies in pootential tug scour wwater depths, defineed as -24 ft MLLW tto -4 ft MLLW in Reeach 1 (i.e., north oof 1st Ave Bridge), aand -18 ft MLLW to -4 ft MLLW in Rea ches 2 and 3 (i.e., south of 1st Ave Bridge). 
l. Additional remediation from thhe subsurface RALL exceedances wass estimated using thhe maximum conceentrations in the up per 2 ft of cores, deelimited horizontallyy using core polygoons. Scenario 5a annd Modified Scenarrio 5a restrict the coore polygons to AOOPC 1 (i.e., ~areass with surface sedimment concentrationss >Alt. 5C RALs). 

AOPC = area of potential concerrn; BPJ = best profeessional judgment; C = combined techhnology; cm = centtimeters; CSL = cleeanup screening levvel; cy = cubic yardds; EAA = early actiion area; ENR = ennhanced natural reccovery; FS = feasibbility study; ft = foot t; HH = human heaalth; LDW = Lower DDuwamish Waterwway; MLLW = mean lower low water; MMM 
= million; MNRR = monitored natu ral recovery; n/a = not applicable; R == removal emphasiss; RAL = remedial action level; SMS == Sediment Managgement Standards; SQS = sediment q uality standard; UL  = upper limit; VM == verification monittoring 
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Memorandum to EPA aand Ecology February 222, 2013 

Table 4 Cost Summary for Moddified Scenario 5a (with 22.3% Discounnt Rate) 

TASK C 
UNIT 
COST UNIT 

QUAN 
SUBT 

NTITY / 
TOTAL 

PRECONST 
Mobilization 
Mobilization 
Land Lease 
Contractor W 
Barge Prote 
Subtotal: 

TRUCTION 
n, Demobilization a 
n, Demobilization a 
e for Operations an 
Work Plan Submit 
ection 

and Site Restorati 
and Site Restorati 
nd Staging 
ttals 

on (project) 
on (seasonal) 

$800,000
$120,000
$250,000
$100,000
$80,000 

YE 
YE 
YE 

LS 
EAR 
EAR 
EAR 
LS 

$4 

1 
8.6 
8.6 
8.6 

1 
4,925,966 

PROJECT M 
Labor and S 
Constructio 
Subtotal: 

MANAGEMENT (
Supervision 
n Office and Oper 

CONTRACTOR) 

rating Expense 
$62,000
$21,600

 MO 
MO 

ONTH 
ONTH 

$3 

39.0 
39.0 

3,262,484 
DREDGING 
Shift Rate 
Gravity Dew 
Subtotal: 

G 

watering (on the baarge) 
$25,963 

$10 
D 
C 

DAY 
CY 

$27 

761.0 
790,664 

7,664,177 
SEDIMENT 
Transloadin 
Water Mana 
Transload, R 
Subtotal: 

T HANDLING AND 
ng Area Setup 
agement 
Railcar Transport 

D DISPOSAL 

to and Tipping at Subtitle D Landfill 

$11,000,000
$10,000 

$60 
D 
T 

LS 
DAY 
TON 1 

$79 

1 
761.0 

,185,997 
9,769,663 

SEDIMENT 
Debris Swe 
Shift Rate (
Cap materia 
Subtotal: 

T CAPPING, DRED 
ep
12 hours) 
al procurement an 

DGE RESIDUALS 

d delivery (sand) 

S, DREDGE BACKKFILL 
$30,000 
$12,500 

$27 

AC 
D 
C 

CRE 
DAY 
CY 

$20 

2 
501.6 

534,103 
0,790,501 

ENHANCED 
Debris Swe 
Shift Rate (
Material pro 
Material pro 
Subtotal: 

D NATURAL REC 
ep
12 hours) 

ocurement and del 
ocurement and del 

COVERY 

livery (sand) 
livery (carbon ameended sand) 

$30,000 
$12,500 

$27 
$161 

AC 
D 
C 
C 

CRE 
DAY 
CY 
CY 

$6 

5 
46 

28,824
28,824 

6,151,246 
CONSTRUC 
Constructio 
Subtotal: 

CTION QA/QC
n Monitoring $7,925 DDAY 

$6 
761.0 

6,030,995 
POST-CON 
Compliance 
Compliance 
Compliance 
Subtotal: 

NSTRUCTION PER 
e Testing (Dredgin 
e Testing (Capping 
e Testing (ENR) 

RFORMANCE MO 
g) 

g) 

ONITORING 
alt s 
alt s 
alt s 

specific 
specific 
specific 

PRO 
PRO 
PRO 

OJECT
OJECT
OJECT

 $1 
 $1 
 $1 

$3 

,202,024
,112,168
,221,569 

3,535,761 
CAPITAL CCOST (base) $1522,130,792 
CAPITAL CCOST (present vaalue) $1399,743,581 
Constructio 
Sales Tax 
Project Man 
Constructio 
TOTAL CA 

n Contingency 

nagement, Remed 
n Management 
PITAL COST (INC 

dial Design and Ba 

CLUDING SUM O 

aseline Monitoring 

OF ABOVE) 

$48
 $13
 $41
 $13
 $257 

8,910,253 
3,275,640
,923,074 

3,974,358 
7,826,907 

AGENCY O 
Agency Rev 
Reporting
Operations
Operations
Operations
Operations
Operations
Long-term M 
Institutional 
Subtotal: 

OVERSIGHT, REP 
view and Oversigh 

and Maintenance 
and Maintenance 
and Maintenance 
and Maintenance 
and Maintenance 

Monitoring
Controls 

PORTING, O&M, & 
ht 

(Dredging) 
(Capping) 
(ENR) 
(MNR >SQS) 
(MNR <SQS) 

& MONITORING CCOSTS (present vvalue) 
alt s 
alt s 
alt s 
alt s 
alt s 
alt s 
alt s 
alt s 
alt s 

specific 
specific 
specific 
specific 
specific 
specific 
specific 
specific 
specific 

PRO 
PRO 
PRO 
PRO 
PRO 
PRO 
PRO 
PRO 
PRO 

OJECT
OJECT
OJECT
OJECT
OJECT
OJECT
OJECT
OJECT
OJECT

 $8 
 $1 
 $1 

$4 
$4 

 $1 
$6 
$4 

 $14 
$47

8,198,903
,396,551
,115,935 

4,400,270 
4,760,987
,701,475 

6,786,441 
4,327,982 
4,825,511 
7,514,054 

TOTAL COST (Net Present VValue) $3055,000,000 
Notes: 
1. All cost vaalues are estimates, and should not be innterpreted as final coonstruction or projecct costs. 
2. Operating season based on 1 38-day fish window requirements and neet 88 days of in-wateer work per season. 
3. Operation s & Maintenance annd Monitoring Costs also includes repair for capping and EN R. 
4. Present vaalue calculation app lied to both capital ccosts and O&M and mmonitoring costs staarting at the beginninng of construction. 

CY = cubic yarrd; ENR = enhancedd natural recovery; LSS = lump sum; MNRR = monitored naturaal recovery; O&M = ooperation and maint enance; QA/QC = q uality 
assurance/quaality control; SQS = ssediment quality stanndard 

PPage 9 



S

P

w

 

 

 

 
 

  
 

  

 

  
 

 
  

 

 

 

 

 

 

 

 

  

 

 

 

 

 
 

  
 

 

 
  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 
 

 

 

 

 

 

 

 

 
 

  

 

 

 

 

 

  

 
  

 

 

 

 

 

 

 

 
 

 

 

 

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

  

 

 

 

  
  

 

 

 

 

 

 

 

 

 

 

 

 
 

Memorandum to EPA aand Ecology Febbruary 22, 20113 

Table 5 Comparaative Evaluattion and Relaative Rankingg of FS Alternnative 5C, Suupplemental 5C Plus Scenarios, and MModified Sceenario 5a 

Evaluation Criteria 

Remedial Scennario 

FS Alternattive 5C 
5C 
PC 

C Plus Base (an 
B Intertidal RA 

nd 
AL) Scennario 1: Scenario 2: Scenario 3: Scennario 4: Scenario 55a: Scenario 5b: Modified Scenario 5a: 

O
ve

ra
ll

Pr
ot

ec
tio

n 
of

 
H

um
an

 H
ea

lth
 

H
um

an
 H

ea
lth

an
d 

th
e

En
vi

ro
nm

en
t

Summ 
Huma 

mary of Overall P 
an Health and the 

rotection of 
e Environment 

Alteernative 5C, the S 
All 

Dredg 

Supplemental 5C P 
these remedial sc 

ging or capping a 

Plus scenarios, an 
cenarios require in 
larger surface are 

The potential fo 

d Modified Scena 
nstitutional control 
ea has a lower pot 
or subsurface cont 

rio 5a achieve ove 
s to fully achieve p 
ential for subsurfa 
taminated sedime 

erall protection of 
protectiveness. Lo 

ace contamination 
nt to be exposed d 

human health and 
onger construction 
to be exposed by 

diminishes as mor 

d the environment 
n periods result in 
y natural or mecha 
re contaminated s 

t in varying time fr 
proportionately gr 

anical disturbance 
sediment is dredge 

ames and with va 
reater short-term i 

es (e.g., scour, ear 
ed. 

rying degrees of c 
impacts. 
rthquakes).  

certainty.  

C
om

pl
y

w
ith

 
w

ith
A

R
A

R
s

Summmary of ARARs o 
Alternativ 

or with all natural b 
ve 5C, the Supplem 
background sedim 

the need for w 

mental 5C Plus sc 
ment standards req 
which varies amon 

enarios, and Mod 
quired under MTC 
ng the remedial sc

ified Scenario 5a a 
A (for risk-based R 

cenarios, will be re 

are not expected t 
RBTCs below bac 
equired at or befor 

to comply with all 
ckground). Surface 
re completion of th 

surface water qua 
e water quality an 
he remedial action 

ality standards, 
d MTCA ARAR w 

n. 
aivers,  

Achieve Thresshold Requiremments Scenarios l ikely require onee or more ARAR wwaivers to meet thrreshold criteria. 

Lo
ng

-te
rm

 E
ffe

ct
iv

en
es

s 
an

d 
Pe

rm
an

en
ce

 

M
ag

ni
tu

de
 o

f R
es

id
ua

l R
is

k
(C

on
ta

m
in

at
ed

 s
ed

im
en

t r
em

ai
ni

ng
 in

 th
e 

su
bs

ur
fa

ce
) Total dreedge area outsidee of EAAs (acres) 57 72 80 82 73 666 62 55 64 

Total cap, partial dredge/ccap 47 49 69 69 53 551 39 38 44 

Total EN 
1/Catego 

NR/in situ area (in 
ories 2 & 3 combin 

Category 
ned; acres)a, b 0/53 0/51 00/45 0/44 0/48 00/50 0/48 0/47 0/48 

MNR are 
combine 

ea (in Category 1/ 
ed; acres)b 

/Categories 2 & 3 0/0 0/0 0/0 0/0 0/0 00/0 0/27 0/28 0/16 

Total VM 
1/Catego 

M and AOPC 2 are 
ories 2 & 3 combin 

ea (in Category 
ned; acres)b 23/1222 23/110 199/100 19/100 23/108 23/115 23/108c 23/115 23/110 

Post-con 
remainin 
dataset 

nstruction number 
ng >CSL at any de 
(under caps/ all ot 

r of core stations 
epth in the FS 
ther locations)d 

20/222 21/17 225/13 27/11 22/16 222/19 19/22 19/22 19/23 

Potentia 
Subsurfa 

al for Exposing Re 
ace Contamination 

maining 
n MModeling results ra 

Alternativ 
ange from 22 acre 

ve 5C and all the s 
s disturbed (FS A 

scenarios have a l 
lternative 5C) up t 

ow potential for ex 
to 49 acres disturb 

xposure due to un 
bed (Scenario 1) n 

nanticipated distur 
needed to produce 

rbance effects. 
e a 25% increase in the long-term SSWAC. 

Ad
eq

ua
cy

 a
nd

 R
el

ia
bi

lit
y 

of
 

C
on

tro
ls

 e 

Relative 
mainten 
partial d 
areas; a 

e amount of monito 
ance required (ba 
redge/cap, ENR/in 

acres) 

oring and 
ased on total cap, 
n situ, and MNR 

Large ar 
(100) 

rea  
) 

Large area 
(100) 

Larg 
( 
ge area 
114) 

Large area 
(113) 

a Large area 
(101) 

Larg
(1 

e area 
101) 

Large area 
(114) 

a Large area 
(113) 

Large area
(108) 

M
ag

ni
tu

de
 a

nd
 

D
ur

at
io

n 
of

 
In

st
itu

tio
na

l C
on

tro
ls

 Monitoring 
waterway u 
total cap, p 
ENR/in situ 
areas) f 

and notification o 
users (based on 
partial dredge/cap, 
u, and MNR 

of 

, Similar requirements for monitoring and m aintenance as Alteernative 5C. 

Seafood co 
advisories, 
and educat 

onsumption
 public outreach, 
tion  

Similar seafood consumption adviisories, public outrreach, and educattion are required foor Alternative 5C aand all the scenarrios. 

Summary Scen
 including Mod 

narios 1 and 2 leav 
dified Scenario 5a 

ve the least area w 
. For comparison 

with subsurface co 
purposes, Alterna 

ontaminated sedim 
ative 4R dredges 9 

ments and therefo 
93 acres, Alternativ 

re rank higher in lo 
ve 6C dredges 10 

ong-term effective 
8 acres and Altern 

Alternative 5C 

eness and perman 
native 5R dredges 

C. 

nence than Alterna 
s 143 acres (AECO 

ative 5C and Scen 
OM 2012b). The s 

nario 5b. All others 
scenarios also hav 

s leave an interme 
ve similar monitori 

ediate amount of s 
ing and maintenan 

ediments, 
nce requirements tto 
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Memorandum to EPA aand Ecology Febbruary 22, 20113 

Table 5 CComparative Evaluation aand Relative Ranking of AAlternative 5CC, Supplemeental 5C Plus  Scenarios, aand Modifiedd Scenario 5aa (continued) 

Evaluation Criteria 

Remedial SScenario 

Alternativve 5C 
5C 
PC 

C Plus Base (an 
B Intertidal RA 

nd 
AL) Scennario 1: Scenario 2: Scenario 3: Scennario 4: Scenario 55a: Scenario 5b: Modified Scenario 5a: 

R
ed

uc
tio

n 
of

To
xi

ci
ty

, M
ob

ili
ty

, 
V

l
 

th
 

h
or

 V
ol

um
e 

th
ro

ug
h 

Tr
ea

tm
en

t Ex ssitu treatment of d redged material Nonee None NNone None None None None None None 

In si 
pote 
be 5 
trea 

itu treatment (Area 
entially treated in s 
50% of total ENR a 
tment area) 

a in acres 
situ is assumed to 
and in situ 26.5 25.5 222.5 22 24 225 24 23.5 24 

Sh
or

t-t
er

m
 E

ffe
ct

iv
en

es
s 

Pr
ot

ec
tio

n 
du

rin
g 

C
on

st
ru

ct
io

n 

Peri 
(incl 
ecol 
resu 
from 

od of community e 
luding noise), wor
logical disturbance 
uspension of conta 
m dredging (years 

exposure 
ker exposure, 
e and 
aminated material 
of construction)g 

7 8 9 9 9 8 7 6 7 

Dred 
Perf 

dge-cut prism volu 
formance continge 

ume/ 
ency (cy) 

640,00 
750,00 

00/
00 

780,000/
880,000 

86 
95 
60,000/
50,000 

870,000/ 
960,000 

790,000/
890,000 

740 
840 

0,000/ 
0,000 

650,000/
790,000 

600,000/
740,000 

670,000/
790,000h 

Air q 
(nor 
Alt. 

quality impacts  
rmalized to Alt 5C 
5C impacts for a r 

[divided by 
relative score]) 

1 1.17 1.27 1.28 1.19 1.12 1.05 0.99 1.05 

Eco 
than 
and 

logical – Habitat a 
n -10 ft MLLW dist 
capping) 

area shallower 
turbed (dredging 39 48 56 58 50 442 41c 33 43 

Ti
m

e 
to

 a
ch

ie
ve

 R
AO

s 
or

 im
po

rta
nt

 ri
sk

 re
du

ct
io

n 
m

ile
st

on
es

 (y
ea

rs
)i 

RAO 
(Ad 

O 1: 10-4 magnitud 
ult Tribal RME)j 

de PCB risk 7 8 9 9 9 8 7 6 7 

RAO 
and 
mod 
in s 

O 1: Predicted tim 
d dioxins/furans to 
del-predicted conc 
urface sedimentj 

me for total PCBs 
reach long-term 

centration range 15 15 15 15 15 15 15 15 15 

RAO 
exp 

O 2: Total risk ≤1 
posure scenarios)k 

× 10-5 (All
k 3 3 3 3 3 3 3 3 3 

RAO 
≤1 

O 2: Individual risk 
× 10-6 in all areas 

k from cPAHs 
except Beach 3 3 3 3 3 3 3 3 3 3 

RAOO 3: Benthic inverrtebrates (SQS)l 6 6 6 6 6 6 6 6 6 

RAO 
(HQ 

O 4: Ecological – 
Q<1)l 

river otters 7 8 9 9 9 8 7 6 7 

Summary of shortt-term effectiveneess 

Impacts from co 
similar to Alt 

higher than Alt 
4C and lower th 
6C and 6R. Co 
time of 7 yrs t 

contamin 
concentrations 
uncertainty (n 

onstruction 
3R and 
2, 3C, and 

han Alt 5R, 
onstruction 
to reduce 
nant 
. Very low 

no MNR). 

Imp
than 
time 

pacts are 20% high
 Alt 5C. Construct 
of 9 years. No MN 

her 
tion 
NR. 

Impacts ar 
than Alt 5C 
time of 9 ye 

re 30% higher 
C. Construction 
ears. No MNR. 

Impacts are 30% 
than Alt 5C. Cons 
time of 9 years. N 

% higher 
struction 

No MNR. 

20% 
Constr 

Impacts are 
% higher than Alt 5 
ruction time of 9 ye 

No MNR. 

5C. 
ears. 

Impa 
10% higher 
Constructi 

years. N 

acts are 
r than Alt 5C. 
ion time of 8 
No MNR. 

Alt 
Impacts are sim 

t 5C. Construction 
years.

27 acres MN 

milar to 
n time of 7 

NR. 

Im 
Alt 5C 

mpacts are similar 
C. Construction tim 

years.
28 acres MNR. 

to 
me of 6 

Impa 
Alt 5C. C 

16 

cts are similar to 
onstruction time o 

years. 
6 acres MNR. 

f 7 
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Table 5 Comparattive Evaluatioon and Relatiive Ranking of Alternativve 5C, Suppleemental 5C PPlus Scenarioos, and Modiffied Scenarioo 5a (continuued) 

Evaluation Criteria 

Remedial Scennario 

Alternativve 5C 
5C 
PC 

C Plus Base (an 
B Intertidal RA 

nd 
AL) Scennario 1: Scenario 2: Scenario 3: Scennario 4: Scenario 55a: Scenario 5b: Modified Scenario 5a: 

Im
pl

em
en

ta
bi

lit
y 

T 
co 
Technical and adm 
onstruction 

ministrative implemmentability during 

Construction 
longer than Alt 
4C, and shorte 

4R, 5R and 
potential for d

and dela 

n period 
t 2, 3 and 
er than Alt 
6. Low 

difficulties 
ays. 

Longe 
than 

for c 

er construction pe 
5C. Greater poten 
construction delay 

eriod 
ntial 
ys. 

Longer cons 
than 5C. G 

for constru 

struction period
reater potential 
uction delays. 

Longer constructio 
than 5C. Greater 

for construction 

on period 
potential 
delays. 

Longe 
than 5C 

co 

er construction pe
C. Greater potenti 
onstruction delays 

riod 
al for 
. 

Longer co 
period than 

poten 
construct 

onstruction 
n 5C. Greater 
ntial for 
tion delays. 

Saame construction 
5C. 

period as Lowwer construction pe 
than 5C. 

eriod Same coonstruction period 
5C. 

as 

T 
co 
Technical and adm 
onstruction 

ministrative implemmentability after 

Additional actio 
needed after dr 

meet low RA 
potential for a 
actions in EN 

ons may be
redging to 

ALs. Low 
additional 
R areas. 

Addit 
need 

me 
pot 
act 

tional actions may 
ded after dredging 
eet low RALs. Low 
tential for addition 
tions in ENR area 

y be 
g to 
w 
al 
s. 

Additional a 
needed aft 

meet low 
potential 
actions in 

actions may be 
ter dredging to 
w RALs. Low 
for additional 

n ENR areas. 

Additional actions 
needed after dre 

meet low RALs 
potential for add 
actions in ENR 

s may be
dging to 
s. Low 
ditional 
areas. 

Addit 
need 

me 
pot 
act 

tional actions may 
ded after dredging 
eet low RALs. Low 
tential for additiona 
tions in ENR areas 

y be 
g to 
w 
al 
s. 

Additional 
be nee 

dredging
RALs. Low 

additiona 
ENR 

actions may 
ded after 
to meet low 

w potential for 
al actions in 

areas. 

b 
R 

A 

Less need for add 
actions after dre 

because of higher 
RALs. Higher pote 

additional action 
Alternative 5C due 

areas. 

ditional 
edging

surface 
ential for 
s than 

e to MNR 

Les 
ac 

beca 
RAL 

ad 
Alter 

ss need for additio 
ctions after dredgi 
ause of higher sur 
Ls. Higher potentia 
dditional actions th 
rnative 5C due to 

areas. 

onal 
ng 
rface 
al for 
han 
MNR 

Less n 
action 

becaus 
RALs. H 

additi 
Alternat 

need for additional 
ns after dredging 
e of higher surface 
Higher potential fo 
onal actions than 
ive 5C due to MNR 

areas. 

e 
r 

R 

Costs Tootal Net Present VValue (MM$)n 290 331 357 358 333 3319 303 289 305 

Notes: 

a.	 Thee proportion of EN R with or without iin situ treatment iss assumed to be 550%/50% for Alterrnative 5C and all the scenarios. 

b.	 Reccovery categories:: Category 1 – reccovery presumed tto be limited; Cateegory 2 – recoveryy less certain than Category 3; Cate egory 3 – recovery predicted to occur. The acres showwn in Recovery Caategory 1 are “veriffication monitoringg” acres, which arre predicted to be below the Alt 5C RRALS when reme dial design data arre 
collected. 

c.	 Twoo values have beeen revised from Taable 11 in the Sup plemental Scenarrios Memo (AECOOM 2012a) as a ressult of QC checkss. For Scenario 5a , the area of VM and AOPC 2 in Re covery Categoriess 2 and 3 was reviised from 114 to 1 108 acres. Also fo r Scenario 5a, thee habitat area (shaallower than -10 ft MLLW) disturbed 
by ddredging or cappinng was revised froom 36 to 41 acres . 

d. 	 Remmaining cores gro uped by those loccated under caps aand those located anywhere else wiithin the LDW afteer construction. 

e.	 Thiss analysis evaluattes the reliability o f controls after RAAOs are achieved. . The construction n periods differ (seee Short-term Effecctiveness) and va rious controls will also be required dduring constructionn. 

f. 	Incrreased sediment mmonitoring in area s not actively rem ediated (AOPC 2 and the rest of thee LDW) was assuumed for the Supp lemental Scenarioos. Monitoring freqquency changed too 1 sample/acre inn natural recovery areas and ICs, annd long-term mon itoring areas. 

g. 	 Connstruction period rrounded to nearesst year. Additional time beyond consstruction would be  required for ecoloogically sensitive aareas to recover. AAlso, fish and shelllfish tissue contamminant concentratiions may require aadditional time afteter construction too recover. 

h.	 Moddified Scenario 5aa has incrementallyy larger volumes ccompared to Scennario 5a; however,, the differences aare not large enouggh to be evident aafter rounding to twwo significant figurres (790,664 cy fo r Modified Scenarrio 5a compared too 785,216 cy for SScenario 5a). 

i.	 Thee predicted time too achieve cleanup objectives is calculated from the staart of constructionn. 

j.	 No remedial scenarioo achieves RAO 1 PRGs. All remediial scenarios achieeve protectivenes s with some combbination of active aand passive remeddiation and ICs. Twwo time frames arre provided for purrposes of comparing the scenarios:  1) the point at whhich the remedial sscenario reduces the Adult Tribal R ME seafood 
connsumption risk to 110-4, and 2) the preedicted time for rissk-driver concentr rations to achieve long-term model-ppredicted concenttration ranges. Thee latter are based on achieving a sitte-wide total PCB SWAC within 25%% (≤ 49 µg/kg dw)) of the 45-yr FS AAlternative 6R totaal PCB SWAC of 339 µg/kg dw, and aa site-wide 
dioxxin/furan SWAC wwithin 25% (≤ 5.4 nng TEQ/kg dw) of the 45-yr FS Alterrnative 6R dioxin/ffuran SWAC of 4. 3 ng TEQ/kg dw. TThe time is from thhe beginning of coonstruction (see Taable 6). Fish and sshellfish tissue co ncentrations are eexpected to remai n elevated during  construction as aa result of resuspension and release 
of tootal PCBs into thee water column. Noote that the time too achieve cleanupp objectives reportted for all alternatiives (15 years) is relative to the BCMM output, which is  generated in 5-yeear increments (seee Table 6). Howeever, in both the FSFS and in the Propposed Plan the values are adjusted bbased on time posst-construction. Foor 
exaample, in the Propoosed Plan, both FS Alternative 5C aand Modified Scennario 5a are showwn as requiring 17 years to achieve ccleanup objectivess versus 15 years in this memorand um. This is becauuse the constructioon time frame of 7 7 years was round ed to the nearest 5-year increment for purposes of the BCM. The time tto 
achhieve cleanup objeectives was prediccted to be 15 yearss in the BCM, or 1 0 years post-consstruction. An actuaal construction timme of 7 years plus 10 years post-con struction equals 1 7 years following the beginning of cconstruction. 

k. 	 Alteernative 3C of the FS specifically adddresses d rect conntact risks and acchieves the total annd individual direcct contact risk metr ined in FS Section 9.1.2.3 (AAECOM 2012b) att the end of construction for all direcct contact exposurere scenarios. FS AAlternative 5C, thee Supplemental 5CC Plus scenarios, aand Modified i rics def

Sceenario 5a are expeected to have similar risk results. 


l.	 Thee FS assumes the time to achieve ccleanup objectives for RAO 3 to be wwhen at least 98%% of FS surface seediment dataset staations are predicteed to comply with the SMS and morre than 98% of thee LDW surface areea is predicted to ccomply with the S MS. This is not inttended as a comppliance metric. EPAA and Ecology will 
deteermine the approppriate metric for SMMS compliance. 

m.	 Thee time to achieve ccleanup objectivess for RAO 4 is wheen wildlife seafoodd consumption HQQ <1 is achieved bbased on the site-wwide total PCB SWWAC at the end of construction. 

n.	 Nett present value cossts are calculated using a discount rate of 2.3%. The costs for 5C Pluss Base and Scena rios 1 through 3 h ave the highest unncertainties becauuse of uncertaintie s in the volume off subsurface sedimment above PCB inintertidal RAL of thhe SQS (cost estimmated at $16 MM but could be as h igh as $40 MM). 

AOPC = areaa of potential conccern; ARAR = appllicable or relevant and appropriate rrequirement; C = ccombined-technology alternative; cPPAH = carcinogennic polycyclic arommatic hydrocarbon; CSL = cleanup sccreening level; cy = cubic yards; dww = dry weight; ENNR = enhanced naatural recovery; FSS = feasibility stud y; HQ = hazard 
quotient; IC == institutional contrrol; kg = kilogramss; µg = microgramms; mg = milligram ms; MLLW = mean lower low water; MM = million; MN R = monitored nattural recovery; n/a = not applicable; ng = nanograms; O&M = operation  and monitoring; PPCB = polychlorinnated biphenyl; PRRG = preliminary remediation goal; RR = removal-
emphasis alteernative; RAL = reemedial action leveel; RAO = remediaal action objective e; RME = reasonabble maximum exp osure; SMS = Seddiment Managemeent Standards; SQQS = sediment quaality standard; SWWAC = spatially-we ighted average cooncentration; TEQQ = toxic equivalennt; VM = verificatioon monitoring 

Page 112 



Table 6 Effectiveness Evaluation of Alternative 5C, Supplemental 5C Plus Scenarios, and Modified Scenario 5a – Predicted Post-Construction Arsenic, Total PCB, cPAH, and Dioxin/Furan Concentrations (SWACs) 

Arsenic (mg/kg dw) (RAO 2) 

Scenario 

Active Area 
in FS Study 
Area (acres) 

Construc-
tion Period 

(years) 

Netfishing Direct Contact 
Baseline = 16 

10-6 RBTC = 3.7 
PRG = Background = 7.0 

Tribal Clamming Direct Contact 
Baseline = 13 

10-6 RBTC = 1.3 
PRG = Background = 7.0 

Beach Play Direct Contact 
Baseline = 9.1 

10-6 RBTC = 2.8 
PRG = Background = 7.0 

Time from Beginning of Construction (years) Time from Beginning of Construction (years) Time from Beginning of Construction (years) 
0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  

Alternative 5C 157  7  16  10  9.6  9  9  9  9  9  9  9  13  9.6  9.4  9.3  9.2  9.2  9.2  9.2  9.2  9.2  9.1  9.6  9.4  9.3  9.2  9.2  9.2  9.2  9.2  9.2  
5C Plus Baseb 172 8 16 10 9.5 9.3 9.2 9.2 9.2 9.1 9.1 9.1 13 9.6 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 1 193 9 16 10 9.5 9.3 9.2 9.2 9.2 9.1 9.1 9.1 13 9.6 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 2 195 9 16 10 9.5 9.3 9.2 9.2 9.2 9.1 9.1 9.1 13 9.6 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 3 175 9 16 10 9.5 9.3 9.2 9.2 9.2 9.1 9.1 9.1 13 9.6 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 4 167 8 16 10 9.6 9.4 9.2 9.2 9.2 9.1 9.1 9.1 13 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 9.1 9.6 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 5a 148 7 16 10 9.6 9.4 9.2 9.2 9.2 9.1 9.1 9.1 13 9.5 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.5 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Scenario 5b 139 6 16 10 9.6 9.4 9.2 9.2 9.2 9.1 9.1 9.1 13 9.5 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.2 9.1 9.5 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.2 
Modified Scenario 5a 156 7 16 10 9.6 9.4 9.2 9.2 9.2 9.1 9.1 9.1 13 9.5 9.4 9.3 9.2 9.2 9.2 9.2 9.2 9.1 9.1 9.5 9.3 9.3 9.2 9.2 9.2 9.2 9.2 9.2 

Total PCBs (µg/kg dw) (RAOs 1, 2, and 4) 

Scenario 

Active Area 
in FS Study 
Area (acres) 

Construc-
tion Period 

(years) 

Site-wide 
Baseline = 346 

Netfishing Direct Contact: PRG = 10-6 RBTC = 1,300 
Seafood Consumption - Human: PRG = Background = 2 

Seafood Consumption - Ecological (otter): PRG = 128 - 159 

Tribal Clamming Direct Contact 
Baseline = 540 

10-6 RBTC = 500 
PRG = 500 

Beach Play Direct Contact 
Baseline = 286 

10-6 RBTC = 1,700 
PRG = 1,700 

Time from Beginning of Construction (years) Time from Beginning of Construction (years) Time from Beginning of Construction (years) 
0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  

Alternative 5C 157 7 178 70 56 48 46 44 44 43 43 41 195 59 52 48 46 45 45 44 44 43 275 54 49 45 44 44 45 44 44 42 
5C Plus Baseb 172 8 178 70 53 47 45 44 44 43 42 41 195 59 48 46 44 44 44 43 43 42 275 54 47 45 44 44 45 44 44 42 
Scenario 1 193 9 178 70 52 47 45 43 43 42 42 41 195 59 48 46 44 44 44 43 43 42 275 54 47 45 44 44 45 44 44 42 
Scenario 2 195 9 178 70 51 47 45 44 43 42 42 41 195 59 48 46 44 44 44 43 43 42 275 54 47 45 44 44 45 44 44 42 
Scenario 3 175 9 178 70 53 47 45 44 44 43 42 41 195 59 48 46 44 44 44 43 43 42 275 54 47 45 44 44 45 44 44 42 
Scenario 4 167 8 178 70 54 48 46 44 44 43 43 41 195 59 51 48 46 45 45 44 44 43 275 54 49 45 44 44 45 44 44 42 
Scenario 5a 148 7 178 70 55 48 46 44 44 43 42 41 195 59 49 46 45 44 44 43 43 42 275 54 48 45 44 44 45 44 44 42 
Scenario 5b 139 6 178 70 55 48 46 44 44 43 43 41 195 59 52 48 46 45 45 44 44 43 275 54 49 45 44 44 45 44 44 42 
Modified Scenario 5a 156 7 178 70 55 48 46 44 44 43 43 41 195 57 51 47 45 44 45 43 44 42 275 55 50 46 44 44 45 44 44 42 

cPAHs (µg TEQ/kg dw) (RAO 2) 

Scenario 

Active Area 
in FS Study 
Area (acres) 

Construc-
tion Period 

(years) 

Netfishing Direct Contact 
Baseline = 390 

10-6 RBTC = 380 
PRG = 380 

Tribal Clamming Direct Contact 
Baseline = 380 

10-6 RBTC = 150 
PRG = 150 

Beach Play Direct Contact 
Baseline = 331 

10-6 RBTC = 90 
PRG = 90 

Time from Beginning of Construction (years) Time from Beginning of Construction (years) Time from Beginning of Construction (years) 

0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  
Alternative 5C 157 7 358 156 129 110 105 103 105 103 103 96 296 131 118 107 106 105 107 104 105 99 308 140 129 116 118 118 124 117 119 109 
5C Plus Baseb 172 8 358 156 127 109 104 102 105 103 103 96 296 131 116 106 106 105 107 103 105 99 308 140 128 116 118 118 124 117 119 109 
Scenario 1 193 9 358 156 126 108 104 102 105 103 103 96 296 131 116 106 106 105 107 103 105 99 308 140 128 116 118 118 124 117 119 109 
Scenario 2 195 9 358 156 126 108 104 102 105 103 103 96 296 131 116 106 106 105 107 103 105 99 308 140 128 116 118 118 124 117 119 109 
Scenario 3 175 9 358 156 127 109 104 102 105 103 103 96 296 131 116 106 106 105 107 103 105 99 308 140 128 116 118 118 124 117 119 109 
Scenario 4 167 8 358 156 128 109 105 103 105 103 103 96 296 131 117 107 106 105 107 104 105 99 308 140 128 116 118 118 124 117 119 109 
Scenario 5a 148 7 358 158 130 110 105 103 105 103 103 96 296 130 117 107 106 105 106 103 105 99 308 139 129 116 118 118 124 117 119 109 
Scenario 5b 139 6 358 160 131 111 105 103 105 103 103 96 296 130 118 107 106 105 106 103 105 99 308 139 129 116 118 118 123 117 119 109 
Modified Scenario 5a 156 7 358 158 129 110 105 103 105 103 103 96 296 129 117 107 106 105 107 103 105 99 308 138 128 116 118 118 124 117 119 109 
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Table 6 Effectiveness Evaluation of Alternative 5C, Supplemental 5C Plus Scenarios, and Modified Scenario 5a – Predicted Post-Construction Arsenic, Total PCB, cPAH, and Dioxin/Furan Concentrations (SWACs) 

Dioxins/Furans (ng TEQ/kg dw) (RAOs 1 and 2) 

Scenario 

Active Area 
in FS Study 
Area (acres) 

Construc-
tion Period 

(years) 

Site-wide 
Baseline = 26 

Netfishing Direct Contact: PRG = 10-6 RBTC = 37 
Seafood Consumption - Human: PRG = 2 

Tribal Clamming Direct Contact 
Baseline = 32 

10-6 RBTC = 13 
PRG = 13 

Beach Play Direct Contact 
Baseline = 18 

10-6 RBTC = 28 
PRG = 28 

Time from Beginning of Construction (years) Time from Beginning of Construction (years) Time from Beginning of Construction (years) 
0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  0 a 5  10  15  20  25  30  35  40  45  

Alternative 5C 157 7 24 4.9 4.7 4.4 4.4 4.4 4.4 4.4 4.4 4.3 30 4.9 4.7 4.4 4.4 4.4 4.4 4.3 4.4 4.3 14 4.7 4.7 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
5C Plus Baseb 172 8 24 4.9 4.6 4.4 4.4 4.3 4.4 4.4 4.4 4.3 30 4.9 4.6 4.4 4.4 4.3 4.3 4.3 4.3 4.3 14 4.7 4.6 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 1 193 9 24 4.9 4.5 4.3 4.3 4.3 4.4 4.4 4.4 4.3 30 4.9 4.6 4.4 4.3 4.3 4.3 4.3 4.3 4.3 14 4.7 4.6 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 2 195 9 24 4.9 4.5 4.3 4.3 4.3 4.4 4.4 4.4 4.3 30 4.9 4.6 4.4 4.3 4.3 4.3 4.3 4.3 4.3 14 4.7 4.6 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 3 175 9 24 4.9 4.6 4.4 4.4 4.3 4.4 4.4 4.4 4.3 30 4.9 4.6 4.4 4.4 4.3 4.3 4.3 4.3 4.3 14 4.7 4.6 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 4 167 8 24 4.9 4.6 4.4 4.4 4.4 4.4 4.4 4.4 4.3 30 4.9 4.7 4.4 4.4 4.4 4.4 4.3 4.4 4.3 14 4.7 4.7 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 5a 148 7 24 5.0 4.7 4.4 4.4 4.4 4.4 4.4 4.4 4.3 30 4.9 4.7 4.4 4.4 4.3 4.4 4.3 4.3 4.3 14 4.7 4.7 4.5 4.5 4.5 4.6 4.6 4.6 4.5 
Scenario 5b 139 6 24 5.0 4.7 4.4 4.4 4.4 4.4 4.4 4.4 4.3 30 5.0 4.8 4.5 4.4 4.4 4.4 4.3 4.4 4.3 14 4.8 4.7 4.5 4.6 4.6 4.6 4.6 4.6 4.5 
Modified Scenario 5a 156 7 24 4.9 4.7 4.4 4.4 4.4 4.4 4.4 4.4 4.3 30 4.9 4.6 4.4 4.4 4.3 4.4 4.3 4.3 4.3 14 4.7 4.6 4.5 4.5 4.5 4.6 4.6 4.6 4.5 

Notes: 

1. BCM predictions use base case STM outputs revised June 2010 (Appendix C) and FS dataset. AOPC = area of potential concern PCB = polychlorinated biphenyl 
2. Arsenic BCM inputs (mg/kg dw): upstream 9, lateral 13, and post-remedy bed sediment replacement value 10 (AOPC 1) and 9 (AOPC 2). BCM = bed composition model PRG = preliminary remediation goal 
3. Total PCB BCM inputs (µg/kg dw): upstream 35, lateral 300, and post-remedy bed sediment replacement value 60 (AOPC 1) and 20 (AOPC 2). cPAH = carcinogenic polycyclic aromatic hydrocarbon RAL = remedial action level 
4. cPAH BCM inputs (µg TEQ/kg dw): upstream 70, lateral 1,400, and post-remedy bed sediment replacement value 140 (AOPC 1) and 100 (AOPC 2). dw = dry weight RAO = remedial action objective 
5. Dioxin/furan BCM inputs (ng TEQ/kg dw): upstream 4, lateral 20, and post-remedy bed sediment replacement value 4 (AOPC 1). EAA = early action area RBTC = risk-based threshold concentration 
6. BCM model area = 430 acres and FS study area = 441 acres FS = feasibility study SQS = sediment quality standard 

a. The 5-year model-predicted intervals associated with the BCM SWAC output are indexed to the start of construction for Alternative 5C and all scenarios. 
b. Alternative 5C Plus Base includes the common base elements and PCB intertidal RAL of the SQS. 

kg = kilogram 
µg = microgram 
mg = milligram 

STM = sediment transport model 
SWAC = spatially-weighted average concentration 
TEQ = toxic equivalent 

ng = nanogram 
BCM output used as approximation (estimate) of concentrations after construction. 
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Table 7a Excess Cancer Risks for RME Seafood Consumption Scenarios Associated with Residual Surface Sediment Total PCB SWACs Over Time 

Adult Tribal RME (Tulalip data) Child Tribal RME (Tulalip data) Adult API RME 

Remedial Scenario 

Active Area in 
FS Study Area 

(acres) 

Construc-
tion Period 

(years) 

Baseline HHRA Risk = 2 x 10-3 Baseline HHRA = 3 x 10-4 Baseline HHRA Risk = 5 x 10-4 

Time from Beginning of Construction (years)a Time from Beginning of Construction (years)a Time from Beginning of Construction (years)a 

0 b 5  10  15  20  25  30  35  40  45  0 b 5  10  15  20  25  30  35  40  45  0 b 5  10  15  20  25  30  35  40  45  
Alternative 5C 157 7 5 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 1 x 10-4 4 x 10-5 4 x 10-5 4 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 2 x 10-4 7 x 10-5 6 x 10-5 6 x 10-5 6 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 

Scenario 5a 148 7 5 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 1 x 10-4 4 x 10-5 4 x 10-5 4 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 2 x 10-4 7 x 10-5 6 x 10-5 6 x 10-5 6 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 

Modified Scenario 5a 156 7 5 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 2 x 10-4 1 x 10-4 4 x 10-5 4 x 10-5 4 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 3 x 10-5 2 x 10-4 7 x 10-5 6 x 10-5 6 x 10-5 6 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 5 x 10-5 

Notes: 
1. Excess cancer risks estimated using tissue concentrations predicted by the FWM (Windward 2010) with alternative-specific total PCB SWACs in surface sediment (Table 6) and assumed surface water dissolved total PCB concentrations of 0.6 ng/L

 except 0.9 ng/L for Year 0 for all remedial scenarios. 
2. Significant figures are displayed in accordance with the conventions established in the HHRA (Windward 2007b) 
3. Risks were not estimated for construction period because of uncertainties in total PCB tissue concentrations during construction. Fish/shellfish tissue total PCB concentrations are expected to remain elevated for up to 2 years as a result of construction impacts 

(e.g., sediment resuspension). 

10-3
 

Colored cells indicate residual excess cancer risk rounded to the

10-4 

nearest order of magnitude.
10-5 

Table 7b Non-Cancer Hazard Quotients for RME Seafood Consumption Scenarios Associated with Residual Sediment Total PCB SWACs for Human Health and River Otter Over Time 

Remedial Scenario 

Active Area in 
FS Study Area 

(acres) 

Construc-
tion Period 

(years) 

Adult Tribal RME (Tulalip data) 
Baseline HHRA HQ = 40 

Child Tribal RME (Tulalip data) 
Baseline HHRA HQ = 86 

Adult API RME 
Baseline HHRA HQ = 29 

Time from Beginning of Construction (years)a Time from Beginning of Construction (years)a Time from Beginning of Construction (years)a 

0 b 5  10  15  20  25  30  35  40  45  0 b 5  10  15  20  25  30  35  40  45  0 b 5  10  15  20  25  30  35  40  45  
Alternative 5C 157 7 13 6 5  5  5  5  5  5  5  4  29  13 11 10 10 10 10 10 10 9 9 4 4 3 3 3 3 3 3 3 
Scenario 5a 148 7 13 6 5  5  5  5  5  5  5  4  29  13 11 10 10 10 10 10 10 9 9 4 4 3 3 3 3 3 3 3 
Modified Scenario 5a 156 7 13 6 5  5  5  5  5  5  5  4  29  13 11 10 10 10 10 10 10 9 9 4 4 3 3 3 3 3 3 3 

Active Area in Construc-

Otter LOAEL-based HQ – with Juvenile Fish 
Baseline HHRA HQ = 2.9 

Otter LOAEL-based HQ – without Juvenile Fishc 

Remedial Scenario 
FS Study Area 

(acres) 
tion Period 

(years) 

Time from Beginning of Construction (years)a Time from Beginning of Construction (years)a 

0 b 5  10  15  20  25  30  35  40  45  0 b 5  10  15  20  25  30  35  40  45  
Alternative 5C 157 7 1.1 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 1.3 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 
Scenario 5a 148 7 1.1 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 1.3 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 
Modified Scenario 5a 156 7 1.1 0.5 0.4 0.4 0.4 0.4 0.4 0.4 0.4 0.4 1.3 0.6 0.5 0.5 0.4 0.4 0.4 0.4 0.4 0.4 

Notes: 
1. Non-cancer hazard quotients were estimated using tissue concentrations predicted by the FWM (Windward 2010) with alternative-specific total PCB SWACs in surface sediment (Table 6) and assumed 

surface water dissolved total PCBs concentrations of 0.6 ng/L, except 0.9 ng/L at Year 0 for all remedial scenarios. 2. All tabulated values are hazard quotients 
3. Hazard quotients were not estimated for construction period because of uncertainties in total PCB tissue concentrations during construction. Fish/shellfish tissue total PCB concentrations are expected to remain 

elevated for u
p to 2 years as a result of construction impacts (e.g., sediment resuspension) 

HQ >1 
Colored cells indicate residual non-cancer hazard quotient.

HQ ≤1 
BCM Input Values (mid) 

Contaminant Post-remedy Bed Sediment Replacement Lateral Upstream 
PCB (µg/kg dw) 60 (AOPC 1) / 20 (AOPC 2) 300 35 
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Table 7c Total Excess Cancer Risks for Direct Contact Based on Predicted SWACs 

Receptor Group Baseline Riskd 

Direct Contact Risk for Remedial Scenarios 

Alternative 5 Combined (7 yearse) Scenario 5a (7 yearse) Modified Scenario 5a (7 yearse) 
Time from Beginning of Construction (years) Time from Beginning of Construction (years) Time from Beginning of Construction (years) 

0 c 5  10  15  20  25  30  35  40  45  0 c 5  10  15  20  25  30  35  40  45  0 c 5  10  15  20  25  30  35  40  45  
Site-wide Netfishing 3 x 10-5 6 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 6 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 6 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 3 x 10-6 

Tribal Clamming 2 x 10-4 1 x 10-5 9 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 1 x 10-5 9 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 1 x 10-5 9 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 8 x 10-6 

Beach 1 9 x 10-6 9 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 9 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 9 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 

Beach 2 9 x 10-5 9 x 10-5 6 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 9 x 10-5 6 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 9 x 10-5 6 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 

Beach 3 1 x 10-5 8 x 10-6 7 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 8 x 10-6 7 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 8 x 10-6 7 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 7 x 10-6 6 x 10-6 6 x 10-6 6 x 10-6 

Beach 4 6 x 10-4 6 x 10-4 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 6 x 10-4 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 6 x 10-4 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 

Beach 5 3 x 10-5 3 x 10-5 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 3 x 10-5 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 3 x 10-5 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 

Beach 6 1 x 10-4 1 x 10-4 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 1 x 10-4 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 1 x 10-4 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 

Beach 7 4 x 10-6 4 x 10-6 4 x 10-6 5 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 5 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 5 x 10-6 4 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 5 x 10-6 4 x 10-6 

Beach 8 6 x 10-6 6 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 6 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 6 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 4 x 10-6 

Notes: 

1. Total excess cancer risks include only the risk drivers (total PCBs, arsenic, cPAHs, and dioxins/furans). 

2. Significant figures are displayed in accordance with the conventions established in the HHRA (windward 2007b). 
3. The BCM input values used in the predicted future concentrations after start of construction are as follows: 

Contaminant Unit Upstream Lateral 
Post-remedy Bed Sediment 

Replacement Value 
Total PCBs µg/kg dw 35 300 60 (AOPC 1), 20 (AOPC 2) 

Arsenic mg/kg dw 9 13 10 (AOPC 1), 9 (AOPC 2) 

cPAHs µg TEQ /kg dw 70 1,400 140 (AOPC 1), 100 (AOPC 2) 

Dioxins/Furans ng TEQ /kg dw 4 20 4 

4. Baseline risks are used as the post-EAA risk at time 0 for the beaches (with the exception of beach 3). 

Footnotes: 
a. The 5-year model-predicted intervals associated with the BCM SWAC output (for risk estimation) are indexed to the start of construction for all remedial scenarios 
b. Risk estimates for time 0 (post-EAA) use the BCM-predicted SWACs after constructions of the EAAs. While baseline HHRA seafood consumption risks were based on tissue data collected from the LDW, seafood consumption risks at time 0 (post­

EAA construction) were estimated using tissue concentrations predicted by the FWM. c. Otter LOAEL-based HQ without Juvenile Fish was not estimated in the ERA (Windward 2007a) 
d. Baseline risks for the direct contact scenarios are reported in FS Section 3 (Table 3-6a for netfishing and tribal clamming scenarios, and Table 3-6b for beach play scenarios; AECOM 2012b) 
e. Construction period. 

AOPC = area of potential concern; API = Asian and Pacific Islander; BCM = bed composition model; C = combined; cPAH = carcinogenic polycyclic aromatic hydrocarbon; dw = dry weight; EAA = early action area; ERA = ecological risk 
assessment; FS = feasibility study; FWM = Food Web Model; HHRA = human health risk assessment; HQ = hazard quotient; kg = kilogram; L = liter; LDW = Lower Duwamish Waterway; LOAEL = lowest observed adverse effect level; ng 
= nanogram; µg = microgram; PCB = polychlorinated biphenyl; R = removal; RME = reasonable maximum exposure; SWAC = spatially-weighted average concentration. 
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Table 8 Effectiveness Evaluation of Alternative 5C, Supplemental 5C Plus Scenarios, and Modified Scenario 5a – Predicted Post-Construction Exceedances of SMS Criteria (CSL and SQS) (Addresses RAO 3) 

Remaining CSL Chemistry Station Counts; Total Baseline Station Count = 1,395 

Scenario 

Active Area in 
FS Study 

Area (acres) 

Construc-
tion Period 

(years) 

Time from Beginning of Construction 

0 yr a 5 yr 10 yr 15 yr 20 yr 25 yr 30 yr 

Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 
Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 

Alternative 5C 157 7 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
5C Plus Baseb 172 8 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 1 193 9 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 2 195 9 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 3 175 9 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 4 167 8 63 95% 96% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 5a 148 7 63 95% 96% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 
Scenario 5b 139 6 63 95% 96% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 
Modified Scenario 5a 156 7 63 95% 96% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 1 >99% >99% 

10 Years Following End of 
Construction 

Number of 
Stations

 % of 
Stations 

< CSL 
% of Area 

< CSL 

0 >99% >99% 

0 >99% >99% 
0 >99% >99% 
0 >99% >99% 
0 >99% >99% 

0 >99% >99% 

1 >99% >99% 

1 >99% >99% 
1 >99% >99% 

Remaining SQS Chemistry Station Counts; PRG = compliance with SQS; Total Baseline Station Count = 1,395 

Scenario 

Active Area in 
FS Study 

Area (acres) 

Construc-
tion Period 

(years) 

Time from Beginning of Construction 

0 yr a 5 yr 10 yr 15 yr 20 yr 25 yr 30 yr 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

Alternative 5C 157 7 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
5C Plus Baseb 172 8 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 1 193 9 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 2 195 9 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 3 175 9 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 4 167 8 224 84% 82% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 0 >99% >99% 
Scenario 5a 148 7 224 84% 82% 2 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 
Scenario 5b 139 6 224 84% 82% 2 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 
Modified Scenario 5a 156 7 224 84% 82% 2 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 3 >99% >99% 

10 Years Following End of 
Construction 

Number of 
Stations

 % of 
Stations 
< SQS 

% of Area 
< SQS 

0 >99% >99% 

0 >99% >99% 
0 >99% >99% 
0 >99% >99% 
0 >99% >99% 
0 >99% >99% 
3 >99% >99% 
3 >99% >99% 
3 >99% >99%

 = Predicted percentage of baseline stations or LDW surface area below CSL or SQS is ≥ 98% 2LAET = second lowest apparent effects threshold 
Notes: BCM = bed composition model 
1. FS study area = 441 acres. BCM model area = 430 acres. CSL = cleanup screening level 
2. Contaminant concentration predictions use BCM input parameters for SMS contaminants as described in Section 5 of the Final FS (AECOM 2012). D/F = dioxins and furans 
3. Stations falling within the actively remediated footprint of each remedial scenario are not counted after construction is completed for that scenario. However, recontamination potential analysis shows that 23 STM grid cells (out of >700) EAA = early action area 
have the potential to recontaminate above the SQS for bis 2-ethylhexyl phthalate (BEHP) 10 years after remedy completion. These counts are not factored into the recontamination potential. FS = feasibility study 
4. In some locations, the BCM predicts point concentrations above the SQS, but recent chemical data and trend analysis suggest sediment concentrations are below the SQS. Therefore, the assignment of remedial technologies may not LAET = lowest apparent effects threshold 
be consistent with BCM point-counts. This apparent discrepancy will be resolved during remedy implementation through design sampling, monitoring, and adaptive management. LDW = Lower Duwamish Waterway 
5. Many of the predicted remaining SQS exceedances are located on the edges of areas to be actively remediated and will likely be recharacterized during remedial design sampling. Other locations are in areas expected to recover MNR = monitored natural recovery 
(based on other factors used to define the recovery categories) and were assigned to MNR using best professional judgment. oc = organic carbon 
6. The percent of LDW area below SMS criteria is calculated by dividing the polygon-derived areas associated with predicted exceedances by the total area of the LDW (441 acres). PRG = preliminary remediation goal 
7. The percent of stations below SMS criteria is calculated by dividing the predicted number of station exceedances by the number of FS baseline surface sediment stations (n = 1,395 points). RAL = remedial action level 
8. Station-specific TOC values were used to oc-normalize dry weight concentrations for non-polar organic compounds, with TOC values between 0.5 and 4%. For samples with a TOC outside this range, oc-normalization was not RAO = remedial action objective 
performed, and the dry weight concentration was compared to the LAET and 2LAET criteria. SMS = Sediment Management Standards 

SQS = sediment quality standard 
STM = sediment transport model 

9. The convention of 98% stations or LDW surface area below the SMS criteria is used in the FS for point count and area estimation purposes only. It does not represent a standard to be applied to compliance monitoring. 

a. The 5-year model-predicted intervals associated with the BCM output are indexed to the start of construction for FS Alternative 5C and all the scenarios. TOC = total organic carbon 
b. Alternative 5C Plus Base includes the common base elements and PCB intertidal RAL of the SQS. yr = year 
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Table 9 Post-construction Sediment Conditions for Modified Scenario 5a 

Number of Core Stations with SMS Chemistry Exceedances and Total PCB Concentrations in Areas Outside the EAA and Dredge Footprint for Modified Scenario 5a 

Scenario 
Recovery 
Category 

Located within AOPC 1 and AOPC 2 Outside Dredge and Cap Footprint Cap / Partial Dredge and Cap 

Core Station 
Counts 

Total PCB Concentration 
(μg/kg dw) Core Station 

Counts 

Total PCB Concentration 
(μg/kg dw) 

0 to 2 ft depth 2 to 4 ft depth 0 to 4 ft depth 

> CSL 

< CSL, 
> SQS n Mean UCL95 n Mean UCL95 > CSL 

< CSL, 
> SQS n Mean 

Modified 
Scenario 5a 

1 0 3 15 79 193 13 136 420 
19 4 27 6392 and 3 23 20 75 379 660 66 379 508 

All 23 23 90 329 569 79 339 585 

Surface Areas Outside the EAA and Dredge Footprint Corresponding to Technology Assignment Groups for Modified Scenario 5a 
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Summary Statistics of Subsurface Total PCB Concentrations Remaining in AOPC 1 and AOPC 2 and Outside the EAA, Dredge and Cap Footprint  for Modified Scenario 5a 
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Notes: 

1. Recovery Category 1, 2, and 3 designations were assigned to any area of the LDW, regardless of AOPC or RAL status, and based on a specific recovery assessment (see FS Section 6). Recovery in Category 1 areas is presumed 
to be limited. Recovery in Category 2 areas is less certain. Category 3 areas are predicted to recover. 
2. Core counts may be conservative because some of the material at these locations may have been previously dredged. In such cases, it is unconfirmed whether all contamination was removed and, in some instances, whether 
dredging actually occurred at these locations. Therefore, all remaining cores were included in the core counts. 

3. Modified Scenario 5a includes 64 acres of dredged areas, not shown in center panel. The AOPC 1 and 2 footprints are approximately 180 and 122 acres, respectively. 
4. Summary statistics for the 0- to 2-ft and 2- to 4-ft intervals (top table and lower panel) are for the vertically averaged total PCB concentrations in each remaining core station. Summary statistics were calculated with ProUCL 4.1 
software; the ProUCL-recommended UCL was used as the UCL95 in all cases, with the exception of the H-Statistic UCL, use of which was avoided (per ProUCL warning) and overridden by a non-parametric 95% Chebyshev (Mean, 
SD) UCL. No data greater than the 1.5*IQR+75th percentile are shown in the lower panel. 
5. The mean PCB concentration for capped and partially dredged/capped areas in the 0- to 4-ft interval (shown in top table) is the vertical average of the combination of clean capping material (0 to 2 ft [with an assumed total PCB 
concentration of 40 μg/kg dw]), and the native sediment (0 to 2 ft in areas to be capped, and 2 to 4 ft in areas to be partially dredged/capped [with the total PCB concentration from those intervals in the subsurface FS baseline 
dataset]). However, the sediment cap is designed to be 3 ft thick. 
6. The mean and UCL95 total PCB concentrations in the 0- to 4-ft interval in the rest of the waterway (110 acres outside of AOPC 2; 52 cores) are 68 and 120 μg/kg dw, respectively. 

AOPC = area of potential concern; Cat. = recovery category; CSL = cleanup screening level; EAA = early action area; ENR = enhanced natural recovery; FS = feasibility study; 

ft = foot; IQR = interquartile range; LDW = Lower Duwamish Waterway; µg/kg dw = microgram per kilogram dry weight; MNR = monitored natural recovery; n = number of cores; PCB = polychlorinated biphenyl; 

RAL = remedial action level; SD = standard deviation; SMS = Sediment Management Standards; SQS = sediment quality standard; UCL95 = 95% upper confidence limit on the mean; VM = verification monitoring
 

Modified Scenario 5a Memo 
2/22/2013 



 

  

 
 

 
 

 

 

   

 

 

 

 

 

      

 

   

    

 

 

 

 

  

 

                

 

   

 

   

   

 
 

 
 

 
 

 

 

 

 
 

 

 
 

 
 

 
 

 
 

 

 

Table 10  Post-Construction Sediment Conditions for FS Alternative 5C 

Number of Core Stations with SMS Exceedances and Total PCB Concentration in Areas Outside the EAA and Dredge Footprint for FS Alternative 5C 

Remedial 
Alternative 

Recovery 
Category 

Located within AOPC 1 and AOPC 2 Outside Dredge and Cap Footprint Cap / Partial Dredge and Cap 

Core Station 
Counts 

Total PCB Concentration 
(µg/kg dw) Core Station 

Counts 

Total PCB Concentration 
(µg/kg dw) 

0 to 2 ft depth 2 to 4 ft depth 0 to 4 ft depth 

> CSL 
< CSL, 
> SQS n Mean UCL95 n Mean UCL95 > CSL 

< CSL, 
> SQS n Mean 

1 0 2 16 80 166 14 133 750 
20 4 31 6105C 2 and 3 22 22 75 399 677 66 451 847 

All 22 24 91 343 579 80 395 730 

Surface Areas Outside the EAA and Dredge Footprint Corresponding to Technology Assignment Groups for FS Alternative 5C 
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Notes: 
1. Recovery Category 1, 2, and 3 designations were assigned to any area of the LDW (excluding EAAs), regardless of AOPC or RAL status, and based on a specific recovery assessment (see FS Section 6).
 
Recovery in Category 1 areas is presumed to be limited. Recovery in Category 2 areas is less certain. Category 3 areas are predicted to recover.
 
2. Core counts may be conservative because some of the material at these locations may have been previously dredged. In such cases, it is unconfirmed whether all contamination was removed and, in some 

instances, whether dredging actually occurred at these locations. Therefore, all remaining cores were included in the core counts.
 
3. Areas in the center panel reflect designations made in developing the remedial alternatives and should not be assumed to contain subsurface contaminants at concentrations represented in the table.
 
4. FS Alternative 5C includes 57 acres of dredged areas, not shown in center panel. The AOPC 1 and 2 footprints are approximately 180 and 122 acres, respectively.
 

5. Summary statistics for the 0- to 2-ft and 2- to 4-ft  intervals (top table and lower panel) are for the vertically averaged total PCB concentrations in each remaining core station. Summary statistics were 

calculated with ProUCL 4.1 software; the ProUCL-recommended UCL was used as the UCL95 in all cases, with the exception of the H-Statistic UCL, use of which was avoided (per ProUCL warning) and 

overridden by a non-parametric 95% Chebyshev (Mean, SD) UCL.  No data greater than the 1.5*IQR+75th percentile are shown in the lower panel.
 

6.  The mean PCB concentration for capped and partially dredged/capped areas in the 0- to 4-ft interval (shown in top table) is the vertical average of the combination of clean capping material (0 to 2 ft [with an 

assumed total PCB concentration of 40 µg/kg dw]), and the native sediment (0 to 2 ft in areas to be capped,  and 2 to 4 ft in areas to be partially dredged/capped [with the total PCB concentration from those 

intervals in the subsurface FS baseline dataset]). However, a sediment cap is designed to be 3 ft thick.
 
7. The mean and UCL95 total PCB concentrations in the 0- to 4-ft interval outside of AOPCs 1 and 2 (i.e., rest of the waterway–110 acres) are 68 and 120 µg/kg dw, respectively (52 cores).
 
AOPC = area of potential concern; C = combined; Cat. = recovery category; CSL = cleanup screening level; EAA = early action area; ENR = enhanced natural recovery; FS = feasibility study; ft = foot;
 
IQR = interquartile range; LDW = Lower Duwamish Waterway; µg/kg dw = microgram per kilogram dry weight; MNR = monitored natural recovery; n = number of cores; PCB = polychlorinated biphenyl;
 
R = removal; R-T = removal with treatment; RAL = remedial action level; SD = standard deviation; SMS = Sediment Management Standards; SQS = sediment quality standard; UCL95 = 95% upper confidence 

limit on the mean; VM = verification monitoring
 

Modified Scenario 5a Memo 
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Memorandum to EPA aand Ecology	 February 22,, 2013 

Table 11 	 Summary of Short-termm Effectiveneess Metrics ffor FS Alternnative 5C, Supplemental
Scenario 55a, and Modiified Scenarioo 5a 

MMetric 

Remedial Scenario 

FS Alternativve 5C Scenaario 5a Modiffied Scenario 5 a 

Period of co 
ecological d 

ommunity exposu 
disturbance (yea 

ure, worker expo 
rs of constructio 

osure and 
n)a 7 77 7 

Total PCB m 
erosion; 45­

mass exported fr 
-yr model period 

rom site as a res 
(kg) 

sult of natural 
3.0 2.9 2.9 

Total PCB m 
(kg) 

mass exported frrom site as a ressult of dredging 
6.3 6.3 6.3 

Transportation (miles)b 
Truck 480,0000 500,000 510,000 
Train 130,0000 130,000 130,000 

Ecological – 
(dredging/pa 

– Habitat area ab 
artial dredge and 

bove -10 ft MLLW 
d cap/capping; a 

W disturbed 
acres) 39 441 43 

Gas / Particculate Emissionss 

Greenhouse 
(CO2; metric 

e gas emissions 
c tons) 30,000 31,000 31,000 

Other air po 
(NOx/SOx ; m 

ollutants 
metric tons) 578 / 144 597 / 15 605 / 15 

Particulate m 
(PM10; metri 

matter emissions 
ic tons) 

s 25 225 26 

Energy Connsumption (MJ) 4.2E+088 4.3EE+08 4.3E+08 

Landfill Cappacity Consumedd (1.2 x Dredge VVolume) 900,0000 940,000 950,000 

Carbon Foootprint (acre-yearrs)c 7,094 7,2290 7,412 

Depleted na 
placement; 

atural resources 
cy) 

(sand/gravel forr in-water 
580,0000 560,000 590,000 

Notes: 

1.	 See FS AAppendices L and M (AECOM 20122b) for details on bbasis and assumpttions for short-termm metric values. 

a.	 Construcction period roundeed to nearest yearr. Additional time bbeyond constructioon required for ec cologically sensitiv ve areas to recove r. Also, 
fish and sshellfish tissue co ntaminant concenntrations may requ ire additional timee (1 to 2 years) aft ter construction to recover. 

b.	 Sedimen t is assumed to bee disposed of by t rucking from a tra nsloading area to an intermodal staation, where it is looaded onto train caars for 
transportt to a landfill in Easstern Washington or Eastern Oregoon. Trucking miles are estimated usiing an average 288 tons/truck and 122 miles 
to the inteermodal station. TTrain miles are esttimated assuming 568 miles (round trip) to the landfill and assuming thaat each train can ccarry 
5,000 tonns of dredged matterial. 

c.	 One acree-year represents the amount of COO2 sequestered by one acre of Doug glas fir forest for onne year. Carbon foootprint in units of acre-
years is aan appropriate waay to account for thhe differences in cconstruction periodds among the alte rnatives. 

C = combinedd; CAD = containeed aquatic disposaal; CO2 = carbon ddioxide; cy = cubicc yards; kg = kilog rams; MJ = mega joule; MLLW = meean low 
lower water; NOx = nitrogen oxxides; PM = particuulate matter; R = rremoval; R-T = remmoval with treatmeent; SOx = sulfur ooxides 
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Surface Sediment Exceedance Location 

Surface Sediment Location >RALs for Human Health Risk Drivers, 
and/or >2xSQS or >CSL for SMS Contaminants 

AOPC= area of potential concern; cPAH= carcinogenic polycyclic Surface Sediment Location >SQS, but <2xSQS and 
aromatic hydrocarbon; CSL= cleanup screening level; D/F= dioxins and furans; <CSL and <RALs for Human Health Risk Drivers 
PCB= polychlorinated biphenyl; RAL= Remedial Action Level; (PCBs, arsenic, cPAH, D/F) 
SMS= Sediment Management Standards; SQS= sediment quality standard.  

Note: 
1. Locations DR290 and DR292 are not shown on the map because they

have been dredged. 

AOPC 1 (189 acres) 

AOPC 2 (116 acres) 
Category 1: Recovery Presumed to be Limited (77 acres) 

Recovery Category 

Surface Sediment Location <Alt 5C RALs (<SQS) 

Early Action Area (29 acres) Category 2: Recovery Less Certain (45 acres) 

Category 3: Predicted to Recover (290 acres) 

Navigation Channel 

River Mile Marker
Feet 

0 200 400 800 

Surface Sediment RAL Exceedances 
Lower Duwamish Waterway for EPA's Preferred Alternative 

60150279-9.9 (Alternative 5C Plus) 
DATE: 02/22/13 DWRN:MVI/sea Revision: 0 FIGURE 1P
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Legend 
Technology Assignment 

Dredge (64 acres)
 

Partial Dredge and Cap (20 acres)
 

Cap (24 acres) 
AOPC= area of potential concern; ENR= enhanced natural recovery; Shoreline ConditionMLLW= mean lower low water; SMS= Sediment Management Standards; 
SQS= sediment quality standard. 

Armored Slope (10.1 miles) ENR/in situ (48 acres) 

Monitored natural recovery (surface sediment >SQS)(16 acres)
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Verification Monitoring (17 acres) 
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Monitoring) (116 Acres)
Vertical Bulkhead (1.0 miles) 

Remaining Study Area (Institutional Controls and 
Site-wide Monitoring) (107 acres) 

Navigation Channel Early Action Area (29 acres) 
River Mile Marker 
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EPA's Preferred Alternative 
Lower Duwamish Waterway (Modified Scenario 5a) ­

60150279-9.8 Areas Labeled as in the Feasibility Study 
DATE: 02/22/13 DWRN:MVI/sea Revision: 0 FIGURE 2P
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Legend 
Technology Assignment 

Dredge (64 acres) 

AOPC= area of potential concern; ENR= enhanced natural recovery; 
MLLW= mean lower low water; SMS= Sediment Management Standards; 
SQS= sediment quality standard. 
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Lower Duwamish Waterway 
60150279-9.8 

DATE: 02/22/13 DWRN:MVI/sea Revision: 0 

Partial Dredge and Cap (20 acres)
 

Cap (24 acres)
 

ENR/in situ (48 acres)
 

Monitored Natural Recovery (Surface Sediment >SQS)(33 acres)
 

Monitored Natural Recovery (Surface Sediment <SQS)(223 acres)
 

Early Action Area (29 acres)
 

Overwater Structures
 

Intertidal Area > -4 ft MLLW
 

Navigation Channel
 

River Mile Marker
 

EPA's Preferred Alternative
 
(Modified Scenario 5a) ­

Areas Labeled as in the Proposed Plan
 
FIGURE 3P
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