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2055 Niagara Falls Blvd., Suite Three 
Niagara Falls, NY 14304 

(716) 297-6150 Office (716) 297-2265 Fax 

June14,1999 	 Reference No. 7431 

Via U.S.&M 

. 	 Mr. Ken Marcy (ECL-117) 
U N ~ DSTATES ENVIRONMENTALFROTECTION AGENCY 

1200 Sixth Avenue 

Seattle, WA 98101 


Dear Mr. Marcy: 

Re: 	 Area 5106 Removal Action 

Response to HCC/POTComments on CLTEvaluation Report 


OCCTacoma has completed the sensitivity analysis simulations outlined in the responses (dated 
May 11,1999) to the Hylebos Cleanup Committee (HCC) and Port of Tacoma (POT) comments on 
the Area 5106Sediment Column Leach Test (CLT) Evaluation Report. The results of the sensitivity 
analysissimulations confirm that the boundary sediment material may be placed in a confined 
disposal faciliq such as Slip 1without treatment. 

Please find enclosed for your review, two (2) copies of the Conestoga-Rovers & Associates 
memorandum presenting the results of the sensitiviv analyses. Upon completion of your review, 
K CTacoma will submit the memorandum to theHCC and POT. 

Shouldyou have any questions concerning the analyses, please contact the undersigned at 

716-297-2160. 


Yours Vuly, 

CONESTOGA-ROVERS & ASSOCIATES 

roject Manager 

WS/js/20 

Encl. 

c.c.: R. Bakerneier, PLLC (w/o attachment) 


F.A.Meek, GSHI (w/o attachment) 
C. Patrnont, Anchor (w/o attachment) 
J. Wakeman, USACE (1copy) 
M. Wassmann, GSHI (w/o attachment) 
S. Harris, CRA (w/o attachment) 
J. Michels, CRA (w/o attachment) 
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DRAFT MEMORANDUM 


TO: JimSinger/ Jack Michels REF.NO.: 7431 

PROM: Steve Harrisll7 DATE: June14,1999 

RE: Sensitivity Analysis Simulation Work 
Column LeachTest Evaluation Report 
Area 5106 Removal Action 
Fomer OCC Tacoma Facility 
Tacoma, Washington 

Introduction 

This memorandum documents the simulation work conducted baddress the comments received on the 
hydrogeologic modeling presented in the report entitled, "Column Leach Test Evaluation Report, Area 5106 
Removal Action, Former OCC Tacoma Facility, Tacoma, Washington" (Leach Test Report) (CRA, 
April 1998). The comments pertain to demonstrating the sensitivity of the model results presented inthe 
Leach Test Report to adjusfments in the various model input parameters that were applied. The sensitiriirity 
simulations conducted to address the comments me presented herein. 

One comment pertained to the observed effective tidal amplitude in Commencement Bay being closer to 
8feet rather than the tidal amplitude of 12 feet applied in theLeach Test Report. To address thiscomment, 
water level data measured withinCommencementBay were applied to develop the variable constant 
hydraulic head boundary condition spedfied at the seaward face of the berm rather than the sinusoidal 
cycle applied in the Leach Test Report. This boundary condition was input into the model described in the 
Leach Test Report, and the simulations presented in the teach Test Report were repeated. AU other model 
input parameters were specified as described in theLeach Test Report. The results horn the revised model 
form the base case to which the results of the sensitivity simulations, presented herein, are compared. 

The developmentof the variable hydraulic head boundary condition at the seaward face of the berm from 
h e  observed Commencement Bay water level data, and the resuIts of the revised base case model, are 
described below. The sensitivity simulations and the associated results for each then are presented. 

Variable Constant Hydraulic Head Bound- Condition Development 

Measured water level data fromApdl22,1996 to February 28,1999 were available for the boundary 
condition development. The observed data consists of continuous water level measurements obtained on 
an approximate 30-mhute frequency from a pressure transducer located in CommencementBay. Several 
gaps exist in the measured water level data which extend over several hours to several days. The complete 
water level data set is presented 011Figure 1. The least amount of data gaps exist In the time period 
extendmg from February 6,1997 to February 6,1998. The water level data measured within this time 
period is presented on Figure 2. The data gaps that exist within this time period, which extend over a time 
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period greater than 8hours, were filled by inseaing data measured prior to each data gap such that the 
pattern of water level fluctuations observed surrounding each data was preserved. The February 6,1997 to 
February 6,1998 water level data, with data gaps filled, are presented on a monthly basis on Figures 3to 14. 
This annual data set reasonably refleck seasonal water level fluctuations in Commencement Bay, and was 
applied to develop the variable constant hydraulic head boundary condition (i.e.,a constant hydraulic head 
was specified per time step) at the seaward face of the berm. The annual data set was reduced in size such 
that the minimum time between consecutive water level measurements is 60 minutes. The total number of 
time steps in the reduced annual data set is 5,826, with an averagetime step duration of 90 minutes and a 
maximum time step duration of 8hours (only two 8-hour time step durations occur, on October 7,1997 and 
October 29,1997). The &hour time steps occurring on October 7,1997 and October 29,1997 are indicated on 
Figure 11, and it is apparent on Figure 11that the observed pattem in water level fluctuations is preserved 
over the two 8-hour timesteps. The two &hour time steps, therefore, have no significant implications with 
respect to the boundary condition representation. The February 6,1997 to February 6,1998annual data 
(with data gaps filled) set was repeated for the number of years required for steady-state conditions to be 
achieved, as described below. 

Results of Revised Base Case Model 

The annual data set was repeated over a 4-year time period to achieve steady-state conditions in terms of 
the predicted relative concentrations discharging to Commencement Bay. The simulated tide induced 
water level fluctuations throughout the length of the berm and sedimentsis presented in Figme 15. The 
contaminant transport simulation for tlie base case was conducted using a maximum time step size of 
20 minutes. A constant concentration of 1was specified from 90 to 500 feet away from the seaward face of 
the berm (representing a 2lXfoot buffer zone as applied in the Leach Test Report). The predicted relative 
concentration profile at the seaward face of the berm over the 4year timeperiod is presented on Figure 16. 
The variations in the concentration profile stabilize near the end of the &year time period demonstrating 
that steady-state conditions essentially are achiwed. The steady-state peak relative concentration (C,A) 
and the steadystate average relative concentration (Cavp)of 0.0382 and 0.0192, respectively, at the seaward 
face of the berm are presented on Figure 17. The peak tidal dispersion factor (TDPPeak)and averagetidal 
dispersion factor (TDPRVg)for the base case are determined from: 

The TDFs for the revised base case are 26.2 and 52.6 for the peak and average relative concentrations, 
respectively. Applying these peak and average TDFs in Table 4.1 of the Leach Test Report for the revised 
base case does not result in any exceedances of the acute or chronicwater quality criteria (WQC)for 
Commencement Bay. 

Sensitivitv of Contaminant Transport Time Step Size 

An initial sensitivity analysis was conducted to assess the impact of the contaminant transport time step 
size on the predicted peak and average relative concentrations. The sensitivity of the contaminant transport 
time step size was assessed by applying a 5-minute time step size and repeating the contaminant transport 
simulation for the base case presented above. The predicted relative concentration profile at the seaward 
face of the berm over the 4-year time period using a 5-mjnute tjme step size is presented on Figure 18. The 
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steady-statepeak relative concentrationand the steady-stateaverage relative concentration of 0.0388 and 
0.0192, respectively, at the seaward face of the berm using a 5-minute time step size are presented on 
Figure 19. The peak and average relative concentrationsusing a 5-minute time step size are not 
significantly different from those determined using a 20-minute time step size. Therefore, a 20-minute time 
step sizewas applied to conduct the remainingsensitivity simulationsdescribed below. 

Sensitivitv of Buffer Zone LenHh 

The sensitivity of the peak and averageTDFs to the buffer zone length was assessed for the revised base 
case. The contaminanttransport simulationsfor the revised base casewere repeated for buffer zone lengths 
of 15feet, 10feet, 5 feet, and 0 feet. The predicted relative concentration profiles at the seaward faceof the 
berm over a 4-year time period are presented on Figures 20,22,24, and 26 for thebuffer zone lengths of 
15feet, 10 feet, 5 feet, and 0 feet, respectively. The steady-statepeak relative coacentrationsand the 
steady-stateaveragerelative concentrationsat the seaward face of the berm are presented on Figures 21,23, 
25, and 27 for the buffer zone lengths of IS feet, 10feet,5 feet, and 0 feet, respectively. A summary of the 
average and peak TDFs detennhed from the steady-statepeak relative concentrationsand the steady-state 
averagerelativeconcentrations at the seaward face of the berm for each buffer zone length is  presented on 
Figure 28. A minimum TDF,.& value of 8.26 and a minimum TDFnygvalue of 16.46result for the 0-foot 
buffer zone length. To satisfy the acute WQC for all compoundslisted in Table 4.1 of the Leach Test Report, 
a minimum TDFpmkvalue of 12.4 is required (based on thesourceconcentration divided by the acute WQC 
for tetradorobutadiene). To satisfythe chronicWQC for all compoundslisted in Table 4.1 of the Leach 
TestReport, a aminimin TDFavp;value of 4.95 is required (based on thesource conceneation divided by the 
chronic WQC for vinyl chloride). Therefore,consistentwith the modeling approach presented herein, 
which doesnot accountfor any attenuationprocess other thantidal dispersion, a buffer.zonelength of 
8.5 feet is required to satisfy the acute WQC (determinedby applying hea r  interpolationbetween the 
TDFpt* values presented on Figure 28 for the buffer lengths of 5 feet and 10feet), and no buffer zone is 
required to satisfy the chronic WQC. 

Descrivtion of SensitivityAnalvsis Simulations 

Based on the comments on the modelingwork presented in the Leach Test Report, a total of 11sensitivity 
simulatim were conducted to address the sensitivityof the TDFs to the physical input parameters applied 
in the model. For each sensitivity simulation, only oneinputparameter was adjusted while all other input 
parameterswere left as specified for the base case. Table 1 presents a description of the model input 
parameter adjustmentapplied in each sensitivity simulation. 

Results of SensitivityAnalvsis Simulations 

The resultsof the sensitivity simulationsare summarized in Table 2. For sensitivity simulations 1to 11, 
Table 2 indicates the following: 

figurepresenting the tide induce water level fluctuations; 
figurepresenting the predicted relativeconcentration at the seaward face of the berm; 
figure presenting the predicted relative concentration at the seaward faceof the berm expanded scale; 
simulated peak and averagerelative concentrations;and 
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calculated peak and averageTDFs. 

For sensitivity simulations 1to 11,the peak and average TDFs presented in Table 2 are applied in Table 3 to 
determine the peak and average seepage concentrations discharging to Commencement Bay. The peak and 
average seepage concentrationsare compared in Table 3 to their respective acute and chronic WQC,or 
estimatedWQC,for CommencementBay. As indicated in Table 3, only sensitivity simulation 10results h a 
minor exceedance of the acute WQC for tetrachlorobutadiene. 

For sensitivity simulations 1to 11,a qualitative description of theimpact of the physical input parameter 
changes to the simulated peak and average seepageconcentrationsfollows: 

SensitivitySimulation 1: the increasein the regional gradient increases the amount of groundwater and 
groundwater flow velocities discharging to Commencement Bay, and the peak 
and average seepage concentrationsincreasecorrespondingly; 

SensitivitySimulation 2: the decreasein the regional gradient has the oppositeaffect of sensitivity 
simulation 1. The affect of increasing/decreasing the regional hydraulic 
conductivityapplied in the model would have the same impact as the reganal 
gradient increase/decrease; 

Sensitivity Simulation 3: the increase in the buffer fill/sediment fill hydraulic conductivity increases 
groundwater flow velocities discharging to Commencement Bay, and the peak 
and averageseepage concentrationsincreasecorrespondingly; 

SensitivitySimulation4: rhe decreasein the buffer fill/sedkment fill hydraulic conductivity has the 
opposite affect of sensitivity simulation3; 

SensitivitySimulation5: the decreasein the buffer fill/scdiment porosity increases groundwater flow 
velocities in the buffer fill/sediment fill. However, the groundwater flow 
velocities discharging to CommencementBay largely are controlled by the 
lowerberm porosity of 35 percent, and the buffer fill/sediment fill porosity 
demase results inonly a marginal e a s e  in the peak and average 
concentratiom; 

SensitivitySimulation6: the increasein the berm hydraulic conductivity increases the groundwater flow 
velocities discharging to Commencement Bay, and the peak and average 
seepage concentrations increasecorrespondingly; 

Sensitivity Simulation7: the decrease in the berm hydraulic conductivityhas the opposite affect of 
sensitivity simulation 7; 

Sensitivity Simulation8: the increasein theberrn/buffer fill/sediment fill specificyield mcreases f ie  
amount of groundwater released from storage in the case of a hydraulic head 
decline (i.e., low tide condition) and increases the amount of groundwater 
uptake in thecase of a hydraulichead increase (i.e., high tide condition). The 
net result of the specificyield increase is that hydrauljc head changes are 
damped by releases from and uptakes to storagewhich reduces groundwater 
flow velocities discharging to Commencement Bay, and the peak and average 
seepageconcentrations decreasecorrespondingly; 

SensitivitySimulation9: the decreasein the berm/buffer fill/sediment fill specificyield has the opposite 
affect of sensitivity simulation 8; 

SensitivitySimulation 10:the increasein the longitudinal dispersivityincreasesthe amount of solute 
spreading in the direction of groundwater flow toward commencementBay, 
and the peak and average seepage concentrationsincreasecorrespondingly;and 
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- Sensitivity Simulation 11:this sensiti~tysimulationwas conducted to address solute transport through 
the peninsula between Slip 1and Slip5.The decreasein the berm hydraulic 
conductivityto reflect the regional hydraulic conductivityvalue, such as for the 
peninsula between Slip 1and Slip5,decreases the groundwater flow veloaties 
dischargingto Commencement Bay, and the peak and averageseepage 
concentrations decrease correspondingly. For this sensitivity simulation, the 
reduction in the berm hydraulic conductivity reduces the groundwater 
dischargeto Commencement Bay to the extent that the groundwater flow and 

L r o r r t a m i n m t ~ i m l a t i o r t ~ ~ e ~ - ~ d e ~ - a - 2 ~ e ~ ~ a t i e ~ t ~ - - - - - - - ~  

achieve steady-state relative concentrationsat the seaward face of the berm. 

The hydrogeologicinput parameter values applied i.b the base case model are considered to reasonably 
reflect the average hydrogeologicconditionsexpected at the confined disposal facility (CDF). Therevised 
base case analvsisdemonstratesthat the vlacernent of boundanr sedimentwithin the CDF without- -

treatment is acceptable. The hydrogeologicinput parameter adjustments appliedin the sensitivity 
simulationsare considered representative of theupper and lower bounds of the variability inthe 
hydrogeologicconditions expected at the CDF. O?h e  11sensitivity simulationsconducted to addressthe 
physical input parameters, only sensitivitysimulation 10(anorder of magnitude increase in the 
longitudinaldispersivityvalue applied in the base case)results in a minor exceedance of the acuteWQC for 
tetrachlorobutadiene. Therefore, thesensitivityanalysis confim that boundary sediment placement in the 
CDF is acceptable. 

The acceptabilityof placingboundary sedimentwi&n the CDFwithout treatment is strengkhenedwhen 
further considerationis given to the conservative nature of the sourcecondition appliedin the rnodelhg' 
approach presented herein. The some condition was represented ia the model as a constant aqueous 
phase concentrationfor all time. In reality, the initialcompound concentrationsadsorbed to the sediment, 
which leach to groundwaterand create the aqueousphase concentrations,will d e d i e  in time by 
biodegradationprocesses inthe sorbed phase and by flushing from nmimpacted upgradient groundwater 
flow. Onceleached to groundwater, the compoundswill be subject to further reductionsby aqueous phase 
biodegradation processes. In addition, the modeling approach applied herein did not represent solute 
retardationdue to adsorption onto soil particles. For significantly sorptive compounds,such as 
hexachlorobutadiene and tetrachlarobutadiene, the mobility of these solutes is substantiallylimited by 
retardationprocesses which will further reduce concentrationsdischargingto Commencement Bay. The 
reduced mobility of the more sorptivecompounds increases the likelihood that these compoundswill be 
substantiallybiodegraded before reaching Commencement Bay. 

To demonstrate the conservativenature of not representing retardation and biodegradation,sensitivity 
simulation 12was conducted consideringvinyl chloride migration to Commencement Bay with retardation 
and biodegradation. Vinyl chloride was selected for this purpose for the following reasons: 

vinyl chloride is the least sorptive of the compoundsconsidered in this work; 
vinyl chloride potentially may biodegrade at the slowestrate of the compounds considered in this work; 
and 
vinyl chlonde is the daughter product of several other compounds detected in the column leach 
tests (CLTs),such as tetrachloroethme(PCE),trjchloroetheae (TCE), and 1,2-dichloroethene (1,2-DCE). 

The details and results of sensitivitysimulation 12are presented below. 
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Vinyl Chloride Migration with Retardation and Biodepradation 

For sensiiivity simulation12which considersvinyl chloridemigration with retardation and biodegradation, 
all physical model.input parameters were left as specified for the revised base case. Retardation was 
represented using a linear isotherm and biodegradationwas represented through a first-order 
approximation. The retardation/biodegradatiansimulationrequired the followinginput: 

compound-specificadsorptionpartitioning coefficientkdequal to the product of the compound-specific 
organiccarbon partitioningcoefficient K,and the soil-specificfractionof organic carboncontentf,; 
soil-specific dry bulk density; 
compound-specific half-life t ~ nused to determine the compound-specificfirst-order biodegradation rate 
constant h through the relationship h=ln(2)/t1/2; and 
compound-specific sourceconcentration. 

The retardation/biodegradationinput parameters applied forsensitivity simulation 12 are presented in 
Table 1. 

For the sourcecondition, considerationwas given to the amount of vinyl chloride that may be produced 
from the degradationof parent compomds detected inthe CLTs. Vmyl chloride may be produced by the 
sequential anaerobicbiodegradation of PCE to TCE to cis-1,Z-dichloroethene (c-1,2-DCE) to vinyl chloride. 
Under anaerobic conditioris, Vinyl chloride then may be biodegraded tocthene. Anaerobic groundwater 
conditionsare expected to prevail within the CDF.Themaximum anaerobic half-lives for these compounds 
reported in Haward et al. (19911) are as follows: 

4.5 years for PCE; 
4.5 years for TCE; 
2 years for c-1.2-WE;and 
2 years for vinylchloride. 

The sequentialparent compound degradation and potential vinylchloride production may be estimatedby 
applying sequential first order kinetics a s  follows: 

where; 
C concentration [microgram per liter (pg/L)]; 
I first order decay rate (days-') equal.to the value of In(2) divided by the compound hajf-life, 
M molecular weight [gramper mole (g/male)]; 

Howard, P.H., R.S.,Boethling, W.F. Jamis, W.M. Mcylan, and E.M. Michalenko, 1991,Handbook ofEnvironmental 
Degradation Rates, Lewis Publishers, Chelsea, Michigan. 
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ti current time step; 
ti.* previous time step; and 
d t  time step increment (days). 

The above approximation reasonably reflects a first order reaction if a small,value is applied for dt. The 
potential production of vinyl chloridewas estimatedusing a d t  of 0.0005 days. Initial concentrations for the 
above compoundswere taken as the maximum concentrations of 700 pg/L, 830 pg/L, and 2,600 pg/L for 
PCE, TCE, and vinyl chloride, respectively, detected inthe CLTs as presented in Tables 3.4 to 3.7 of the 
Leach Test Report. The maximum concentration of 48 pg/L reported inTables 3.4 to 3.7 of the Leach Test 
Report for trans-1,2-dichlorwthenewas applied as the initial concentration for c-1,2-DCE. The maximum 
anaerobic half-lives reported in Howard et al. (1991)were applied for PCE,TCE, and c-1,2-DCE. An 
anaerobic half-life of 20 years was applied for vinyl chloride as a conservativeapproach. Figure 60presents 
the estimated concentration profiles over a 16-year time period forPCE,TCE, c-1,2-DCE, and vinyl chloride 
using the sequential first order kinetics approach. The concentmtionsof all compounds declineover this 
time period and vinyl chloride levels do not increaseabove the initialconcentration. Therefore, for 
sensitivitysimulation 12, a constant sourceconcentrationof 2,600 pg/L was specified for vinyl chloride 
from 90 to 500 feet away from the seaward face of the berm. The constant source concentration 
specification is conservativesince the sourceconcentrations are expected to declinewith time as described 
above. 

For sensitivity simulation 12,Table 2 indicates the following: 

figurepresenting the predicted concentrationat the seaward face of the berm; 
figurepresenting the predicted concentratioriat the seaward face of the berm expanded %ale;and 
simulatedpeak and average concentrations. 

The peak and averagevinyl chlorideseepageconcentrationsdischargingto Commencement Bay presented 
in Table 2 are compared to the acute and chronic WQC forCommencement Bay in Table 3. The acute and 
chronic WQC for vinyl chloride are not exceededby the simulated seepageconcentrations. The simulated 
acute vinyl chlorideseepage concentrationis lower than that predicted for the revised base case. Therefore, 
the results of the vinyl chloride migration simulationconsidering retardation and limited biodegradation 
confirm that if attenuationprocesses such as retardation and biodegradation are considered in the 
modeling, in addition to tidal dispersion attenuationprocess represented in the revised base case, then the 
resultantpredicted concentrationsat the seaward face of the berm would be less than the predicted 
concentrations presented in Table 3 for the revised base case. Therefore, sersitivlty simulation 12confirms 
the consewativenature of fie modeling approach applied in the revised base case. 
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REVISED BASE CASE 
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figure 16 

REVISED BASE CASE 


PREDICTED CONCENTRATION AT SEAWARD FACE OF BERM 

CDF MODELING 
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CRA Tacoma, Washington 
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figure 17 
REVISED BASE CASE 

CONCENTRATION AT SEAWARD FACE (EXPANDED SCALE) 
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