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1.1 PURPOSE 

Thepurpose of this memorandum is to present additional sensitivity simulations for the hydrogeologic 
modelingof the Slip 1 Confined Disposal Facility (CDF) presented in the report entitled, "Column Leach 
Evaluation Report; Area 5106Removal Action, Former OCC Tacoma Facility, Tacoma, Washin@onW(CLT 
Evaluation) (CRA, 19991). The additional sensitivity simulationswere conducted to represent multi-species 
solute transport accounting for chemical adsorption and tfie sequentidbiodegradationof the compounds of 
concern [tetrachloroethene(PCE), trichloroethene (TCE),cis-1,2-dichloroethene(DCE), and vinyl 
chIcrride (VC)]under anaerobic/aerobic groundwater conditions. 

A sensitivityanalysis of the hydrogeoIogic modeling conducted for the CLT Evaluation was presented in 
the memorandum dated June14,1999 (Sensitivity Memorandum) which was submittedto the Port of 
Tacoma onJuly29,1999. The sensitivity analysis simulations presented herein are an extension of the 
sensitivity analysis presented inthe Sensitivity Memorandum. 

This memorandum is organized as follows: 

Section1.0: presents the purpose and organization of this memorandum; 
* Section2.0: presents the methodology applied to conduct the multi-species solute transport 

simulations; 
Section3.0: presentsthe two-dimensional hydrogeoIogicmodel used to assess potentid migration 

pathways for contaminants associatedwith the Area 5106 boundary and treated 
sediments placed within the Slip 1 CDF, and used to assess horizontal hydraulic 
gradients within the Slip I CDF to be applied in the one-dimensionalsolute transport 
model; 

1 CRA, 1999,Column Leach Evaluation Report, Area 5106Removal Action. Former OCC Tacoma Facility, Tacoma, 
Washington, April. 
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* 	Section4.0: presents the multi-species soIute transportsimuIatiomconducted to evaluatepotential 
solute concentrationsdischargingwith groundwater to the Blair Waterway; and- Section5.0: 	 presents the conclusions derived from the sensitivivsimulations presented herein. 

2.0 METHODOLOGY 

Initially, a two-dimensional hydrogeologic model was developedtorepresent the potential groundwater 
flow through the end berm of the Slip1CDF, and through theexisting peninsula between Slips 1 and 5. 
The two-dimensionalmodel was constructedusing average regional hydrogeoIogic input parameters. The 
two-dimensional model was applied to simulate transient groundwater flow in the vicinify of the Slip 1 
CDF. The two-dimensionalmodel then was applied to conduct particle tracking simulations to assess 
potential migration pathways toward the Blair Waterway for Area 5106 boundary and treated sediments 
placed within the Slip 1CDF.The two-dimensional model aho was applied to assess hydraulic gradients 
within the Slip I CDF alongidentified migration pathways far appIicationin a one-dimensional solute 
transport model. 

The multi-species solute transport simulations were conducted using a one-dimensional hydrogeologic 
model aligned along the potential migration pathways identified through t he  resuIts of the particle tracking 
simulations. The multi-speciessolute transport simulationsconsidered the sequential biodegradationof 
PCE to TCE to DCE to VC under anaerobiclaerobicgroundwater conditions, and considered solute 
adsorption to soiI particIes, An estimate of the aerobic zone d a n d  extentwas conducted through the 
appIicationof a single-species soIute transport simulationrepresentingthe inland migration of a 
conservativetracer introduced with recharging seawater. An analysis of the sensitivity of the multi-species 
soIute transport simulation resuIts to biodegradation rate values and organic carbon partitioning 
coefficient (I&) values also was conducted. 

Groundwater flow for the additional sensitivity simulations were represented using the United States 
Geological Survey's (USGSs)groundwater flow model MODFLOW-96 (Harbaugh and McDonald, 1962). 
Theparticle tracking simulationswere conducted using PATH3D (Zheng,19913). The single-speciessolute 
transport simuIationassociatedwith the estimation of the aerobic zoneinland extent was conducted using 
the United States Army Corps of Engineers solute transport mode1 MT3DMS (Zhmgand Wang, 7 9984). 
Themulti-species solute transport simulations were conducted using the Pacific Northwest National 
Laboratory's (PNNLs)reactive solute transpost mode1RT3D (Clement, 29979. RT3D's reaction module 7 
was applied in themulti-species solute transport simulations. 

2 Harbaugh, A.W. and M.G. McDonald, 1996, User's Documentation for MODFLOW-96, an  updated to the USGS 

Modular Finite-DifferenceGround-WaterFlow Model, United States GeologicaI Survey Open-PileReport 96-485, 

Reston,Virginia. 

3 Zheng, C., PATH3D: A Ground-Water Path and Travel-Time Simulator,S.S. PapadapuIos & Associates, Inc., 

B&esda, Maryland. 

4 Zheng, C,and P.F.Wang, 1998,MT3DMS:A Modular Three-Dimensional Multispecies Transport Model, United 

Stakes Army Corps of Engineers, Junc. 

5 Clement,T.P., 1997, RT3D (Version 1.0),A Modular Computer Code for SimulatingReactive MuIti-species Transport 

in 3-Dimensional Groundwater Systems,PNL-SA-11720, PNNL, RichIand, Virginia. 
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3.0 TWO-DIMENSIONAL HYDROGEOLOGIC MODELING 

A two-dimensionalhydrogeologic model was constructed of the landmass situated between the Blair and 
Sitcum Waterways. The development of the two-dimensional model is presented inSection 3.1.The 
application of the twodimensional model to conduct particle backingsimulations to assess potential 
migration pathways for Area 5106 boundary and treated sediments placed within the Slip 1 CDF is 
presented in Section 3.2. 

3.1 MODEL DEVELOPMENT 

The location of the. two-dimensional model domainis presenkd on Figure 3.1. The finite-difference grid, 
boundary conditions, and material properties applied in the two-dimensional model are presented on 
Figure 3.2. 

A maximum 100-foot finikdifference grid spacing was applied throughout the model domain. The grid 
spacingwas refined to 50feet in t he  vicinityof the SIip 1CDF (withtwo mode1rows having spacing of20 
and 30 feet to represent the 70-footwidth of the end berm). A future aquatic habitat area is proposed to the 
west of the peninsula between Slips I and 5. The aquatic habitat area is to be constructed by filling the area 
with regional sediments.The landmass was extended seaward in this area by approximately100 feet to 
reflect the presence of the future aquatic habitat. 

A variable hydraulic head boundary condition was applied at the model cells situated around the shoreline 
of the landmass. The variable hydraulic head boundary conditionwas developed from Cornencement 
Bay surface water levels measured from February 4,1997 to February 6,1998. These data were combined 
into anannualdata set that was repeated for each year simulated. The development of the variable 
hydraulichead boundary condition is presented in the Sensitivity Memorandum A no-flow boundary 
condition was applied at mode1ceUs beyond the variable hydraulic head boundary condition. A constant 
inflow boundary condition was applied at  each model cellalongthe eastern model domainboundary to 
reflect regional groundwaterinflow to the landmass. The inflow specified at each model cell corresponds 
to the averagehydraulic conductivity for the regional sediments 16.0 x 1W centimetersper second (cmJs)]  

muhiplied by the average regional upland hydrauIic gradient 10.004feet per foot (ft/ft)] and the 
cross-sectionalarea of each model cell perpendicular to groundwater flow. An average 20-foot saturated 
thicknessfor the shallow groundwaterflow systemwas applied to determine the cross-sectionalarea at 
each mode1cell. 

Thematerial properties (i.e., hydraulic conductivity and porosity) applied in the regional sediments, Slip 1 
CDF fill, Area 5106 boundary and treated sediments, peninsula sediments,and end berm are presented on 
Figure 3.2. The volume of the Area 5106 boundary and treated sediments is approximateIy40,000 cubic 
yards. Assuming a fill thickness of approximately 30 feet within the Slip 1 CDF, the Area 5206 boundaxy 
and treated sediments will spanan area of approximately36,000 square feet which corresponds to 
approximately14 modcI celIs (with dimensions of 50 feet by 50 feet),as presented on Figure 3.2. 

Groundwater flow was simulated under transient conditions for a 10-year period. Initially, steady-state 
groundwater flow conditionswere simulated using a uniform starting hydraulic head of 15 f t  Mean Low 
Low Water (MLLW) level. The steady-statehydraulic head distributionthen was applied as thestarting 
conditionfor the transient solution. The transient hydraulic head distribution simulated at the end of ten 
years is presented on Figure 3-3. Hydrographswere generated over the 10-year simulation period at six 
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observation points throughout the model domain. The hydrographsare presented on Figure 3.3, and 
demonstrate that the simulated hydraulic head within the central portion of the model domain 
(i.e.,observation points 4,5, and 6 )becomes relatively stable near the end of the 10-year simulationperiod. 
The simulated hydraulic head at observation point 3 within the center of the Slip 1 CDF demonstrates 
minor variations related to the tidal fluctuation. Observation points 1and 2, located in cIose proximity to 
the Blair Watwway, demonstrate a significant tidal influence. 

3.2 PARTICLE TRACKING SIMULATIONS 

With the exceptionof areas in close proximity of the waternays, relatively stable or steady-state 
groundwaterflow conditions were achievedthroughout the majority of the Slip 1 CDF at the end of the 
10-year transient groundwaterflow simulation. As a result, the simulated hydraulic head distributionat 
the end of the 10-year period was applied to conduct the particle trackingsimulations under steady-state 
conditions. The Area 5106 boundary and treated sediments initiauy were placed approximatelyin the 
middle of the Slip 1 CDF, as presented on Figure 3.2. Particles were released at the centcr of each madd cell 
where the Area 5106 boundary and treated sediments are positioned onFigure 3.2. The simulated partide 
pathways from the Area 5106 boundary and treated sediments over a 700-year period are presented on 
Figure 3.4. Arrowheads are plotted on each partjcle pathway at  a travel time interval of 50 years (see 
Figure 3.4, Detail A}. Particleswithin the eastern portion of the Area 5106 boundary and treated sediments 
travel out the end berm to the Blair Waterway within approximately 70 to 330 years. Particles released 
within the western portion of the Area 5106 boundary and treated sediments travel toward the peninsula 
between Slips 1 and 5and reach a stagnation zonewithin approximately600to700 years. These particIes 
do not travel beyond the stagnationzone. The stagnationzone arises from the transient effects of the tidal 
fluctuationsand is an artifact of applying the hydrauIic head distributionat the end of the 10-year transient 
simulation as a steady-state condition. R e  significanttime taken for particles to reach the stagnation point 
demonstrates that migration through the peninsula between Slips 1and 5 is not a significant pathway. 
However, the placement of the Area 5106 boundary and treated sediments was revised by shifting the 
sediments eastward, m d  the particle tracking analysis was repeated. The simulated particle pathways from 
the revised placement of the Area 5106 boundary and treated sedimentsare presented on Figure 3.5. All 
particlestravel through the end berm and reach the Blair Waterway within approximately 70 to 330 years 
(see Figure 3.5, Detail A). 

The particle tracking simulations demonstrate that the Area 5106boundary and treated may be placed 
within the Slip 1CDFsuch that migration of contaminants associated with the sedimentswill occur through 
the end hem 

4.0 MULTI-SPECIES SOLUTETRANSPORT SIMULATIONS 

The parhcle tracking simuIations identified that the potmtiaI migrationpathway of concern for the Area 
5106 boundary and aeated sedimentsis directed out the end berm of the SIip 1 CDF.Therefore, the 
onedimensional modelapplied toconductfiemulti-speciessalutesimulationswas oriented along this 
potential migration pathway. The orientationof the one-dimensional model domain is presented on 
Figure 3.5. Thedevelopmentof the one-dimensionalmodel is presented inSection 4.1.The 
one-dimensionalmodel was applied to simulate the sequential biodegradation of PCE to TCE to DCE to VC 
under anaerobic/aerobic groundwater conditions, Anaerobic groundwater conditions are expected to 
prevaiI throughout the majority of the Slip 1CDF, however aerobic groundwater conditions are expected 
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near the end berm due to the recharge of aerated seawater under high tide. The one-dimensional.model 
initially was applied to estimate the potential inland extent of aerobic conditionswithin the Slip 1 CDF,as 
presented in Secbon 4.2. The applicationof the one-dimmsional model to conduct the multi-speciessolute 
transport simulations is presented inSection4.3. 

4.1 MODEL DEVELOPMENT 

The one-dimensional model was extended idand 450 feet from the Blair Waterway, which approximately 
correspondsto the furthest inland Iocation of the Area 5106 boundary and treated sediments. The location 
and oriemtationof the one-dimemima2model domain is presented on Figure 3.5. The finitedifferencegrid, 
boundary conditions, and material properties appJied in the one-dimensionaImode1are presented on 
Figure 4.1. 

A I-foot finite-difference grid spacing and a 5-foot model domain width were applied. The variable 
hydraulichead boundary conditionutilized in the two-dimensional model was applied at the' 
downgradient limit of the one-dimensionalmodel correspondingtothe Blair Waterway. As described in 
Section3.1,the variable hydraulic head boundary condition correspondingto the Blair Waterway is based 
onmeasuredCommencement Bay surfacewater elevations, and the developmentof the variable head 
boundary condition is presented in the SensitivityMemorandum. A constant inflow boundary condition 
was appZed at the upgradientlimit of the one-dimensional model. The inflow boundary condition was 
dete&ed from the simulatedhydraulic gradient over the length of the Slip 1 CDFmultiplied by the 
hydraulic conductivityof the fill material and the cross-sectional area perpendicular to groundwater flow. 
The cross-sectionalarea was determined using an average 30-foot saturated fill material thickness for the 
Slip 1CDF.A hydraulic gradient of 0.0028 ft/ ft was applied to determined the i d o w  boundary condition 
which corresponds to the averagphydrauIic gradient throughthe center of the SIip 1 CDF simulated at the 
end ofPOyears using the two-dimensional model (see Figure 3.5). 

The material properties (i.e., hydrauIic conductivity and porosity)applied in the SIip 1CDF fill, Area 5106 
boundary and treated sediments,and end berm are presented onFigure 4.1. The end berm was represented 
as having a 70-footwidth perpendidar to groundwater flow. A 30-foot buffer zone between the end berm 
and Area 5106boundary and treated sediments was applied, as presented onFigure 3.5. The Area 5104 
boundary and treated sedimentswere specified over the remainder of the model domain, 

Transientgroundwater flow was simulated over a 40-year period. The tide induced groundwater level 
fluctuations over the length of the one-dimensional model domain are presented on Figure 4.1. 

4.2 DETERMINATION OF AEROBIC ZONE EXI*ENT 

Groundwaterconditionswithin the inIand portion of the Slip 1CDF generally areexpected to be anaerobic. 
Howevex, near the BIair Waterway, thc recharge of aerobic seawater will occur inland under high tide 
conditionsand d l  result:inaerobic groundwater conditions for a limited distance inland of the end berm 
The compounds of concern considered in the multi-species solute transport simulationsbiodegrade at 
different rates under aerobic and anaerobicconditions. For example, the compounds PCE and TCE degrade 
readily under anaerobic conditions,but more slowly under aerobic conditions. Conversely, the compounds 
DCE andVC biodegrade more readily under aerobic conditions thanunder anaerobic conditions. The 
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variablebiodegradationratesforthe compoundsofconcernunder aerobic/anaerobic conditions required 
an e s w t i o n  of the expected inland extent of the aerobic groundwaterconditions,or the aerobic zone. 

To estimate the inland aerobic zoneextent, a unit relativeconcentration(i-e.,a conservativetracer for 
dissolvedoxygen) was specrfied at the tidal boundary conditionand the inland migration of the relative 
concentrations was simulated over a 40-year period. A lm@tudinaldispersivity value of 3.281 feet 
(1.0meter)was appliedin the solute tramport simulatioxls. Simulatedrelative concentrationprofilesat 
several inland distances are presented on Figure 4.2. The inland relativeconcentrationsachievesteady-state 
conditionsinapproximately20 years, and the relativeconcentrationsmigrate as far as 120feetinland. It is 
recognizedthat as oxygenis introduced with recharge, it will be utilizedby a variety of biological and 
geochemicalreactions. Simulatedas a conservative solute, the simulated inland extent of the relative 
concentrationslikely overestimatesthe extent to which oxygen may migrate inland. 

Ina study of the Terminal 91Near Shore Fill located inPuget Sound, Boatman and HotcMciss (19976)report 
monitoringdata which demonstrate that aerobic groundwaterconditionsexist up to approximately 60 feet 
inIand from the seaward faceoftheexistingconfiningberm. This &stance corresponds to approximately 
halfof the distance of the inland migration simulated for the conservativerelative concentrations. 
Therefore, based on the data reported by Boatman and Hotchkiss (2997), a 60-foot aerobic zone inland from 
the seaward face of the end berm was appliedin the multi-species solute transportsimulations(see 
Figure 4.2). 

MULTESPECIES SOLUTETRANSPORT SIMULATIONS 

Two initid mufti-species solutetransport simulations(Scenarios1 and 2) were conductedover a 40-year 
period. The input parameters applied in the multi-speciessoIute transport simulations are presented in 
Table 4.1. The applied K, values reported inTable 4.1were determinedfrom sediment/ parewater 
analyses presented in the report entitled, "Area 5106SedimentCharacterizationReport, Embankment Area 
Removal Action, Former OCC Tacoma Facility, Tacoma, Washington" (Area5106 Sediment 
Characterization)(CRA, 19997). The applied biodegradationrates for each compoundof concernunder 
aerobic and anaerobic conditions were determined from literature reported values. Biodegradation rates 
are influenced by site-sp& biological and geochemical conditions,which presently can not be evaluated 
within the Slip 1 CDF. As a result,conservativeestimates of biodegradationrates were appliedin the 
multi-speciessolute transport simulations. Table 4.1presents minimumandmaximumbiodegradation 
half-life values reported in relevant literature under field-scale, anaerobic, and aerobic conditions. 

Far Scenario 1,the maximumof the field-scaleor anaerobichalf-life values was selected for each compound 
of concern to reflect a minimumamount of anaerobic biodegradation Within the aerobic zonefor 
Scenario 1, the maximum aerobic half-lifevalues were selected for each compoundofconcern to reflect a 
minimumamount of aerobic biodegradation. For Scenario 2, the maximum amount of PCE, TCE, and DCE 
anaerobicbiodegradationis representedby selecting the minimumreported anaerobichalf-Iivesfor these 
compounds, while the minimum amountof VC anaerobic degradationis represented by selecting the 

Boatman, C.D.and D.A.Hokhkiss, 1997, Tidally Influenced ContainmentBerm Functioning as a Leachate Treatment 
Cell - h g e t  Sound, Experience in ConfinedDisposal of Contaminated Sediments, In Proceedings: International 
Conference on ContaminatedSediments,Rotterdam, TheNetherlands, September 7-11, pp. 897-904. 
7 CRA, 1999,Area 5106 Sediment CharacterizationReport, Area 5106Removal Action, Former OCC Tacoma FaciLty, 
Tacoma, Washington, April. 
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h u mreported field-scale half-lifefor VC. Within the aerobic zonefor Scenario 2, the maxima 
amountof PCR,TCB,and DCE aerobic degradationis represenki by selecting the minimumaerobic 
half-lives for these compounds, while the maximumaerobic M-life was selected for VC to m i n b k  the 
amountofVC aerobic biodegradation. The s e l d  biodegradationhalf-life values and multjng 
biodegradationrates-for Scenarios 1and 2 are presentedinTable 4.1. Table 4.1 also presents the 
stochiom&c yield coefficientd u e s  and the constant solute concentratim specified over the length of the 
Area 5106boundary and treatedeediments applied inthe muIti-speciessoIute transportsimulations. 

The reaction module 7 for RT3D a s w m s  the sequential biodegradationofPCE to TCE to DCEtoVC 
throughreductivedechlorinationprocesses under anaerobic conditions. Under aerobic conditions, RT3D 
assumes that K E  does not degrade,that TCEdegrades via cometabilicprocesses,and DCE and VC 
biologically oxidized. Consistentwiththisapproach, anaerobic half-life for PCEisnot applied as a model 
input, the aerobic half-lifevaIue for TCErepresentscometabolic degradation, and the aerobic half-life 
valuesfor DCE and VC representbiological oxidation. Scenarios1and 2 are consideredtoconsematively 
bracket the range ofpotentialbiodegradationcondr.tior7swith the Slip 1 CDF. 

Themufti-speciessolute transportsimulationr e d &  for Scenarios 1 and 2 are presentedonFigure 4.3and 
4.4, respectively. Concentrationprofiles over the 40-year simulation h e  period for PCE, TCB, DCE,and 
VC aripresented onFigures 4.3and 4.4. ProfiIes are presented for the inland edge of the Area 5106 
boundary and heated sediments, the seaward edge of the Area 5106boundary and treated sediments,the 
inland face of the end berm, the mid-pointof the end berm, and the seawardface of the end berm The 
simulatedconcentration profiles at the inland edge of the Area 5106boundary and h a t e d  sediments can be 
seento correspond the constants o m e  concentrationsspecified within the sediments (see Table 4.1). The 
shufated concentrations decrreasewith distance toward t h ~seawardface of the end berm. Potential 
concentrationsdischargingwith groundwater to the Blair Waterway correspond to the concentrations 
simulatedat the seawardface of the end b e m  For both S c d a  1and 5 the simulatedconcentration 
profiIes plateau at constantlevels for each compound ofconcern throughout the model domainindicating 
that steady-state conditions are achieved. 

The difference in the biodegradation xatee applied inScenarios1and 2 are apparent in the concentration 
profiles. For Scenario 1,greater PCE, TCE, and DCE concentrationsresult downgradient from the 
Area 5106 boundary and treated sediments, reflectinga lesser amountof biodegradation(ie.,greater 
half-life values, or smIler biodegradation rates) hthe anaerobic and aerobic zones. For Scenario 2, greater 
VC concentrationsresult downgradient from the Area 5106boundary and treated sediments, rdecting a 
greater amount ofVC productionresulting from a greater amount of PCE, TCE, andDCE biodegradation 
(i-e.,s d e r  half-life values, or greater biodegradationrates) inthe anaerobic and aerobic zones. 

Theaverage and peak simulated concentrations dischargingwith groundwaterfrom the seaward face of the 
end berm for Scenarios 1and 2 are presented in Table 4.2. The relevant acute and chronic marine Water 
Quality Criteria (WQC) for the compounds ofconcemalso are presentedinTable 4.2. The sirnufated peak 
and average concwztxationsdischargingwith groundwaterfor Scenarios 1 and 2 are sigdmntIy less than 
the acute and chronic WQC. 

Twoadditional multi-species simulations (Scenaxioa3 and4) were conducted to assess the sensitivityofthe 
Scenario2 resultsto the applied K, values. For Scenario3, the applied K, values presented inTable 4.1 

-

were multiphed by the factor of a. For Scenario 4, the appliedK, values presented inTable 4.1 were 
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dividedby the factor of f i .The simulation resdtr for Scenarios 3 and 4 are presented onFigures 4.5and 
4.6, respectively. 

For Scenario4, the simulated discharge concenbations at the seaward face of the berm are the same as those 
for Scenario2. The reductioninthe K,values has the effect of reducing the b e  required for steady-state 
conditionsto be achieved. Solute migration in groundwater is represented using the well known 
advection-dispersionequation. Solute adsorption is incorporated into theadvection-dispersionequation 
through the use of a retardation factor. When increased, the retardation factor has the effectof slowing 
solute migration (bothby advectiveand dispersiveprocesses). When decreased, the retardation factor has 
the effectof slowing solute migration to a lesser extent A K,vaIue reduction results in a retardationfactor 
value decrease, and a K, value increase results in a retardationfactor value increase. Therefore, the 
reduction in the K, values has the effect of seducingthe time required for solute concentrations to reach the 
seaward berm face, and steady-state conditions are achieved more rapidly. The magnitudes of the soIute 
concentrationsreaching the seaward face ofthe berm remain unchanged. For Scenario 3, the increased K, 
values have the effect of slowing solute migration toward the seaward berm face. Steady-state conditions 
are not quite achiwed for Scenario 3 within the 40-yeas simulation period, however it is apparent that the 
simulated concentrationsare beginning to plateau a t  the same steady-state concentrations as Scenario 2. 
The peak and average simulated discharge concentrationsfor Scenarios 3 and 4 are presented inTable 4.2. 
The average simulated discharge concentrationsfor Scenarios3 and 4 are the same as those for Scenario 2. 
The peak simulated discharge concentrationsfor Scenario3 are sIightly less than those for Scenario 2 since 
steady-state conditionswere notquite achieved over the 40-year simulation period. For Scenario 4, the 
simulated peak TCX, DCE, and VC discharge conditionsessentially are the same as those of Scenario 2. 

The average and peak simulated concentrations dischargingwith groundwater from the seaward face of the 
end berm for Scenarios 3 and 4 are presented inTable 4.2, and are si@cantIy Iess than the acute and 
chronic WQC. 

5.0 CONCLUSIONS 

The mdti-speciessolute transport simulations presented herein represent a canservative analysis of the 
potential future ~oundwaterdischarge concentrationsof contaminants associated with the area 5106 
boundary and treated sediments. The simulated contaminantconcentrationsdischarging with 
groundwater to the Blair Waterway from the Slip I CDF are significantly below the relevant acute and 
chronic WQC. Therefore, the pIacernent of the Area 5106 buundary and treated sediments within the SIip I 
CDF is protective of human heal& and the environment. 
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Retardation Purnmeters 
TetrachlvraethenePCE) 
T n c h l d e n e  IrcE) 
cis-1,2-2-DichLorcethene(c-IXX) 
Vinyl chloride PC) 

Bfudemdatimr P a r m n r h  
Tetrachloroethene(KE) 
TrichIomthene(TCE) 
cis-1.2-Dichloroethene (c-DCE) 
VinyI chloride(VCJ 

Compound of Cancem 

Tetrachlaroekhene(PCE) 
Trichlmethene (TCE) 
as-1,Z-Dichloroethene( c - 9  
Vinyl chloride (VCj 

TABLE 4'1 


INPUT PARAMETERSFORMULTI-SPECES SOLUTETRANSPORT SIMULATION 

PORT OFTACOMA - SLIP 1C D F  


TACOMA, WASHINGTON 


OrgnnicCarbrm Sorption Retarddm Factor, R 

Path'tioninx End Exis tina
-

Coeficimt, K , 0 Berm Peninsula Sc$fmmts 

wg) IDtmmsionlesQ 

FieId-Sculc Conditions 13' Am-bic Conditions 14' Aerobic icnditim ISI 


Minimum Mm'mrrm Mmitnum Marimrrrn Minrmum Mwimrnn 

Reported Valw Reporfed Value ReportedVnlue Reported Vatire Reported Value Rqerted Va iw  


Wears) Wears) wears) 


Selected Biodepdution Half-t$, 
Stmaria 1 Scenario 2 

Aauzmbic Z m  Awobrc Zme Anarrubic Zone Aembic Zone 
A '&'tm tm A fK- 1 tm 

CRA 7431-htallWIl9-74-1 

1 
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TABLE4.1 


I W l R  P A R A m R S  FOR MULTI-SPECIESSOLWETRANSPORT SIMULATION 

PORT OF TACOMA - SLIP 1O F  


TACOMA, WASHINGTON 


Stochioitutrlc Yield Cocjpcienf (" 

Constant S a m  Daughtmf lmf  


Cmnpocmdof Conwm ~on-fratioion Value C o m p d  

C P ~ ~ (Dimnsiunkssl 


Riodrgradation Pammrtrrs (Cont'dj 
Tetrachloroethene(PCE) 	 7[30 

TrichloroctheneFCE) 	 830 0.795 m/m 
cis-1,Z-Ehchlorwthene(-D(7E) 48 0.737 c-DCE/Ta 

VmyEchloridePC) 2600 0 645 VC/c-DCE 


N u e r  
Site+-c valuescalculatedfromsediment/porewater analysesperformed during the Area 51C6Sediment Character6ntion. 


The value for c-DCE is based on the value calculatedfor bam-DCE. 


Retardatim fa* n l u ~ sdetmmmedfrom R=l+&*f,*pdn with the following input parameters: 


Fwhm End Bmn MatPxiul 

I n p f  Parameter Vullte Basis 


Fraction oforganic c a r b o ~f, 0 . M  - C~nservativevalue lor sand and gravel to be appliedinberm cohstruction 


sail dry bulk density, pbd (g/mL) 2.6 - Conservativevalue for sand and gavel to be applied inberm co-tion 


Porosity, n 0.35 - C m a t i v e  value far sand and gravel tobe applied in berm construction 


SedimentMaterial 

Input  Purnmetrr Value Basis 


Fraction of organiccarbortJ,  P.Olll - Value h m Area 5106SedimentCh~acterization 


Sail dry bulkdensity, pbd (g/mL) 2.75 - Value hwnArea 5106SedimentChrxter~zation 


Forusity, n 0 . 7  - Value from Area 51065edimentCharacterlz~tim 


(" Values correspond tom u m  and maximum k l d  scale half-livesreported in Technical Protocol for Evaluating Maturat Attenuation 

ofQtlorinaied SolventsinGroundwater,Air F o m  Center tor EnvironmentalExcellence, Wiedemeier et d,November 199@. 
4''m Values correspondto aqueous biodegradationhU-l-Livesm d as being determined under anaerobicQI aembic conditions in 'Hmdbwk of Envirorunend 

Degadation Rates, Howard et al., 1991" 
'6) 	 First order bidegradation rate detPmdned from A=lr1(2)/t~/~. 

Based on peak concentration obtained from the columnleach tests (CLTs)conducted on the boundary d i m e n s  as reported in 
"ColumnLeach Test Evaluation Repork Area 5lW Removal Action, Former OCCTacoma Facility, Tamma, Washington"(CRA, Apnl1999). 

The c-DCE concentrahon istaken to be the maximum bart5-l.2-Dichlorvethene([-EX) m t r a t i o n  obtained horn the CLTs. 
Stochiometrfc yield coefficientequal mthe grammolar mass raho of the daughterproduct to the parent compoand. 



TABLE 4.2 

COMPARISONOF SIMULATED DISCHAKGECONCENTRATIONSTOSURFACEWATER QUALlTY CRTTERIA 

PORT OFTACOMA- SWT 1CDF 


TACOMAWASKINGTON 


SimnIated Peak Conmntmtiuns 
Acrtte Marine Waiw D i s ~ h ~ n g w i t hGmlrmhaater a t  theSeaward B c  Face 


QMnlity Cnlterla Scenario 1 "' Scmnrjn 2 '' S c e n n h  3 "' Sm~aria4 (" 

cmpmd o f ~ o m  ( r @ )  C P ~ C&) (,@I 


Tctrachlomcthcne (KE) l0,zOO 9.0 0.6 0.5 O,h 

Trichtoroethene PCB) 2,000 11.4 1.4 1.3 1.5 

cis-1,l-Dichloroethene(KE) 224,OCQ 22 0.8 0.7 0.9 

Vinyl Chloride (VC) nc 31.0 37.3 31.1 38.9 


Simulated A m p  Cnnmfmtions 

ChrmiicMnn'ne Water Disdrargr'ngwitit Grofmhnterat the Senwad Berm Face 


Compound of Cmcern Quslity Criterfu Scenario 1 "' Scenario 2 ") ~carar io3 '" Smatio  4 

C P ~ CP&) (dE (I& CM) 


Tebachlorwthene I[PCE) 450 6.1 0.4 0.4 0.4 

Trichloroethene(TCE) nc 7.3 1.D 1.0 1.0 

cis-1,l-Uichloroethcnt nc 1.4 0.6 0.6 0.6 


Vinyl Chloride(VC) 525 19.5 23.5 23.5 23.5 

Notes: 

Simulated dischargeconcentrations at seaward face ofSlip 1CWF future end bcrm (Model Cell 2) for Scenario1are presentedon Agure4.3. 

Simulateddischarge concentrations at seaward face of Stip 1CI)F future end k r n  (Madc=ICell 2) for Sccnarie2 are presented on Figure 4,4. 

SirnuIated dischargeconcenbatrationsat seaward face of Slip1CDF futureend berm (Model Cell 2) for Scenario3 are presented on Fipre  4.5. 

Simulated discharge mncentrationnat aeaward face of Slip 1 CDP future end bwm (ModelCcll2) for Scenario:4 are presented on Figure 4 6. 

'5E &timated based on human healthcriteria. 

nc No criteria. 
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