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2055 Niagara Falls Blvd., Suite Three

ﬁ ‘ " Niagara Falls, NY 14304

{716) 2976150 Office  [716) 267-2265 Fax

June 14,1999 | | Reference No. 7431
Via U.S. Mail

Mr. Ken Marcy (ECL-117)

UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

1200 Sixth-Avenue - ‘
Seattle, WA 98101

Dear Mr. Marcy:

Re:  Area 5106 Removal Action
Response to HCC/POT Comments on CLT Evaluation Report

OCC Tacoma has completed the sensitivity analysis simulations outlined in the responses (dated
May 11, 1949) fo the Hylebos Cleanup Committee (HCC) and Fort of Tacoma (POT) comments on
the Area 5106 Sediment Colurnn Leach Test (CLT) Evaluation Report. The results of tha sensitivity
analysis simulations confirm that the boundary sediment material may be placed in a confined
disposal facility such as Slip 1 without treatment.

Please find enclosed for your review, two {2) copies of the Conestoga-Rovers & Associates
memorandum presenting the results of the sensitivity analyses. Upon completion of your review,
QCC Tacoma will submit the memorandium to the HOC and POT.

Should you have any guestons concerning the analyses, please contact the undersigned at
716-297-2160.

Yours truly.

CONESTOGA-ROVERS & ASSOCIATES

James W. Sing /é.E.
roject Manager

JW5/js/20

Encl.

cc.: R Bakemeier, PLLC (w/0 attachment)
F.A. Meek, GSHI (w/ o aftachment)
C. Patmont, Anchor (w/ o attachment)
J. Wakeman, USACE (1 copy)
M. Wassmmarn, GSHI (w/ o attachment)
5. Harris, CRA (w/ o attachment)
]. Michels, CRA (w/o attachment)
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DRAFT MEMORANDUM

To: Jim Singer/Jack Michels REF. No.: 7431

FrOM: Steve Harris/17 DATE: June 14, 1999
RE: Sensitivity Analysis Simulation Work

Column Leach Test Evaluation Report

Area 5106 Removat Action

Former OCC Tacoma Facility

Tacoma, Washington

=

Introduction

This memorandum documents the simulation work conducted to-address the commments recetved on the
hydrogeclogic 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 comnents pertain to demonstrating the sensitivity of the model results presented in the
Leach Test Report to adjustments in the various model input parameters that were applied. The sensitivity
simulations conducted to address the comments are presented herein.

One comment pertained to the observed effective Hdal amplitude in Commencement Bay being closer to

G feet rather than the tidal amplitude of 12 feet applied in the Leach Test Report, To address this comment,
water level data measured within Commencement Bay were applied to develop the variahle constant
hydraulic head boundary condition specified 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 Leach Test Report were repeated. All other model
input parameters were specified as described in the Leach Test Report, The results from the revised model
form the base case to which the results of the sensitivity simulations, presented hereir, are compared.

The development of the vaniable hydraulic head boundary condition at the seaward face of the berm from

the observed Commencement Bay water level data, and the results of the revised base case model, are
described below. The sensitivity simulations and the associated results for each then are presented.

Variable Constant Hydrgulic Head Boundary Condition Development

Measured water level data from April 22, 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 J0-minute frequency from a pressure tranaducer located in Comanencement Bay. Several
2aps exist in the measured water level data which extend over several hours to several days. The complete
water level data set is presented on Figure 1. The least amount of data gaps exist in the time peried
extending from February 6, 1997 to February 6, 1998. The water level data measured within this Gme
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 8 hours, were filled by inserting data measured pricr to each data gap such that the
pattern of water level fluctuations observed surrounding each data was preserved. The February 6, 1897 to
February 6, 1998 water level data, with data gaps filled, are presented on a monthly basis on Figures 3 to 14.
This annual data set reasonably reflects 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 rumber of
time steps in the reduced annual data set is 5,826, with an average time step duration of 90 minutes and a
maxirnum time step duration of 8 hours (only two 8-hour time step durations occur, on October 7,1997 and
October 29, 1997). The 8-hour time steps occurring on October 7, 1997 and October 29, 1997 are indicated on
Figure 11, and it is apparent on Figure 11 that the observed pattern in water level fluctuations is preserved
over the two 8-hour ime steps. The two B-hour time steps, therefore, have no significant implications with
respect to the boundary condition representation. The February 6, 1997 to February 6, 1998 annwal data
(with data gaps filled) set was repeated for the number of years required for steadly-state conditions to be

achieved, as described below.

Resulis 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 sediments is presented in Figure 15. The
contaminant transport simulation for. the base case was conducted using a maximurm Hme step size of

20 minutes. A constant concentration of 1 was specified from 90 to 500 feet away from the seaward face of
the berm (zepresenting a 20-foot buffer zone as applied in the Leach Test Report). The predicted relative
concentration profile at the seaward face of the berm over the 4-year time period is presented on Figure 16.
The variations in the concentration profile stabilize near the end of the 4&-year time period demonstrating
that steady-state conditions essentially are achieved. The steady-state peak relative concentration (Cpeax)
and the steady-state average relative concentration (Cave) of 0.0382 and 0.0192, respectively, at the seaward
face of the berm are presented on Figure 17, The pealk tidal dispersion factor (TDFpex) and average tidal
digpersion factor {TDFavg) for the base case are determined from:

TDF o =10 TDF. =1y
peak APQ ke avg Cavg

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 chronic water quality criteria (WQC) for

Commencermnent Bay.

Sensitivity of Contaminant Transport Time Step Size

An initial sensitivity analysis was conducted to assess the impact of the contaminant transport fime step
size on the predicted peak and average relative concentrations. The sensitivity of the contaminant transport
titne step size was assessed by applying a S-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-minute time step size is presented on Figure 18. The
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steady-state peak relative concentration and the steady-state average relative concentration of 0.0388 and
0.0192, respectively, at the seaward face of the berm using a S-minute time step size are presented on
Figure 19. The peak and average relative concentrations using a S-minute time step size are not
significantly different from those determined using a 20-minute time step size. Therefore, a 20-minute time
step size was applied to conduct the remaining sensitivity simulations described below.

Sensitivity of Buffer Zone Length

The sensitivity of the peak and average TDFs to the buffer zone length was assessed for the revised base
case. The contaminant transport simulations for the revised base case were repeated for buffer zone lengths
of 15 feet, 10 feet, 5 feet, and 0 feet. The predicted relative concentration profiles at the seaward face of the
berm over a 4-year time period are presented on Figures 20, 22, 24, and 26 for the buffer zone lengths of

15 feet, 10 feet, 5 feet, and 0 feet, respectively. The steady-state peak relative concentrations and the
steady-state average relative concentrations at the seaward face of the berm are presented on Figures 21, 23,
25, and 27 for the buffer zone lengths of 15 feet, 10 feet, 5 feet, and 0 feet, respectively. A summary of the
average and peak TDFs determined from the steady-state peak relative concentrations and the steady-state
average relative concentrations at the seaward face of the berm for each buffer Zone length is presented on
Figure 28. A minimum TDFpeax vahie of 8.26 and a minimurm TDFay value of 16.46 result for the 0-foot
buffer zone length. To satisfy the acute WQC for all compounds listed in Table 4.1 of the Leach Test Report,
a minimum TDFpek value of 12.4 is required (based on the source concentration divided by the acute WQC.
for tetrachlorobutadiene). To satisfy the chwonic WQC for all compounds listed in Table 4.1 of the Leach .
Test Report, a minimum TDFavg value of 4.95 is required (based on the source concentration divided by the
chronic WQC for vinyl chloride). Thevefore, consistent with the modeling approach presented herein,
which does not account for any attenuation process other than tidal dispersion, a buffer zone length of

8.5 feet is required to satisfy the acute WQC (determined by applying linear interpolation between the
TDFpeak values presented on Figure 28 for the buffer lengths of 5 feet and 10 feet), and no buffer zone is
required to satis{y the chronic WQC.

Description of Sensitivity Analysis Simulations

Based on the comments on the modeling work presented in the Leach Test Report, a total of 11 sensitivity
simulation:s were conducted to address the sensitivity of the TDFs to the physical input parameters applied
in the model. For each sensitivity simulation, only one input parameter was adjusted while all other input
parameters were left as specified for the base case. Table 1 presents a description of the model input
parameter adjustment applied in each sensitivity simulation.

Results of Sensitivity Analysis Simulations

The results of the sensitivity simulations are summarized in Table 2. For sensitivity simulations 1to 11,
Table 2 indicates the following:

« figure presenting the tide induce water level fluctuations;

» figure presenting the predicted relative concentration at the seaward face of the berm;

» figure presenting the predicted relative concentration at the seaward face of the berm expanded scale;
+ simulated peak and average relative concentrations; and
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« calculated peak and average TDFs.

For sensitivity sirnutlations 1 to 11, the peak and average TDFs presented in Table 2 are applied in Table 3 1o
determine the peak and average seepage concentrations discharging to Commencement Bay. The peak and
average seepage concentrations are compared in Table 3 to their respective acute and chronic WQC, or
estimated WQC, for Commencement Bay. As indicated in Table 3, only sensitivity simulation 10 results in a
minor exceedanice of the acute WQ( for tetrachlorobutadiene.

For sensitivity simulations 1 to 11, a qualitative description of the impact of the physical input parameter
changes to the simulated peak and average seepage concentrations follows:

» Sensitivity Simulation 1: the increase in the regional gradient increases the amount of groundwater and
groundwater flow velocities discharging to Commencement Bay, and the peak
and average seepage concentrations increase correspondingly;

» Sensitivity Simulation 2: the decrease in the regional gradient has the opposite affect of sensitivity
simulation 1. The affect of increasing/decreasing the regional hydraulic
conductivity applied in the model would have the same impact as the regional
gradient increase/decrease;

» Sensitivity Simulation 3: the increase in the buffer fill/sedimant fill hydraulic conductivity increases
groundwater flow velocities discharging to Commencement Bay, and the peak
and average seepage concentrations increase correspondingly;

*» Sensitivity Simulation 4: the decrease in the buffer fill /sediment fill hydraulic conductivity has the
opposite affect of sensitivity simulation 3;

» Sensitivity Simulation 5: the decrease in the buffer fill /sediment porosity increases groundwater flow
velocities in the buffer fill/sediment fill. However, the groundwater flow
velocities discharging to Commencement Bay largely are controlled by the
lower berm porosity of 35 percent, and the bulfer fill/sediment fill porosity
decrease results in only a marginal increase in the peak and average
cencentrations;

» Sensitivity Simulation 6: the increase in the berm hydraulic conductivity increases the groundwater flow
velocities discharging to Commencement Bay, and the peak and average
seepage concentrations increase correspondingly;

» Sensitivity Sixnulation 7: the decrease in the berm hydraulic conductivity has the opposite affect of
sensitivity simulation 7;

« Sensitivity Simulation 8:  the increase in the berm /buffer fill/sediment fill specific yield increases the
amount of groundwater released from storage in the case of a hydraulic head
decline (i.e., Jow tide condition) and increages the amount of groundwater
uptake in the case of a hydraulic head increase (i.e., high tide condition). The
net result of the specific yield increase is that hydraulic head changes are
damped by releases from and uptakes to storage which reduces groundwater
flow velocities discharging to Commencement Bay, and the peak and average
seepage concentrations decrease correspondingly;

s Sengitivity Simulation 9: the decrease in the berm/buffer fill/ sediment fill specific yield has the opposite
affect of sensitivity simulation §; s

+ Sensitivity Simulation 10: the increase in the longitudinal dispersivity increases the amount of solute
spreading in the direction of groundwater flow toward Commencement Bay,
and the peak and average seepage concentrations increase correspondingly; and
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s Sengitivity Simulation 11: this sensitivity simulation was conducted to address golute transport through
the peninsula between Slip 1 and Slip 5. The decrease in the berm hydraulic
conductivity to reflect the regional hydraulic conductivity value, such as for the
peninsula between Slip 1 and Slip 5, decreases the groundwater flow velodties
discharging to Commencement Bay, and the peak and average seepage
concentrations decrease correspondingly. For this sensitivity sirnulation, the
reduction in the berm hydraulic conductivity reduces the groundwater
discharge to Commencement Bay to the extent that the groundwater flow and

- T T epntaminant trarsport simulations were-extended-to-a-20-year-daraiOr to-—-—-rnun momen |

achieve steady-state relative concentrations at the seaward face of the berm.

The hydrogeologic input parameter values applied in the base case model are considered to reasonably
reflect the average hydrogeologic conditions expected at the confined disposal facility (CDF). The revised
base case analysis demonstrates that the placement of boundary sediment within the CDF without
treatment is acceptable. The hydrogeologic input parameter adjustrments applied in the sensitivity
simulations are considered representative of the upper and lower bounds of the variability in the
hydrogeologic conditions expected at the CDF, Of the 11 sensitivity simulations conducted to address the
physical input parameters, only sensitivity simulation 10 (an order of magnitude increase in the
longitudinal dispersivity value applied in the base case) results in a minor exceedance of the acute WQC for
tetrachlorebutadiene. Therefore, the sensitivity analysis confinms that boundary sediment placement in the

CDF is acceptable.

The acceptability of placing boundary sediment within the CDF without treatment is sh‘engthened when
further consideration is given to the conservative nature of the source condition applied in the modelmg
approach presented herein. The source condition was tepresented in the model as a constant aqueots
phase concentration for all ime. In reality, the initial compound concentrations adsorbed to the sediment,
which leach to groundwater and create the aqueous phase concentrations, will decline in time by

" biodegradation processes in the sorbed phase and by flushing from non-impacted upgradient groundwater
flow. Once leached to groundwater, the compounds will be subject to further reductions by aqueous phase
biodegradation processes. In addition, the modeling approach applied herein did not represent solute
retardation due to adsorption onto soil particles. For significantly sorptive compounds, such as
hexachlorobutadiene and tetrachlorobutadiene, the mobility of these solutes is substantially limited by
retardation processes which will further reduce concentrations discharging to Cornmnencetnent Bay. The
reduced mobility of the more sorptive compounds increases the likelihood that thege compounds will be
substantially biodegraded before reaching Commencement Bay.

To demonstrate the conservative nature of not representing retardation and biodegradation, sensitivity
simulation 12 was conducted considering vinyl chloride migration to Commencement Bay with retardation
and bicdegradation. Vinyl chiloride was selected for this purpose for the following reasons:

= vinyl chloride is the least sorptive of the compounds considered in this work;

s vinyl chlcride potentially may biodegrade at the slowest rate of the compounds considered in this work;

and
+ vinyl chionde 1s the daughter product of several other compounds detected in the column leach
tests (CLTs), such as tetrachloroethene (PCE), trichloreethene (TCE), and 1,2-dichlaroethene (1,2-DCE).

The details and results of sensitivity simulation 12 are pregsented below.
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Vinyl Chloride Migration with Retardation and Biodegradation

For sensitivity simulation 12 which considers vinyl chloride migration 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 biodegradation was represented through a first-order
approximation. The retardation/biodegradation simulation required the following input:

+ compound-specific adsorption partitioning coefficient ka equal to the product of the compound-specific
-organie carbon partitioning: coefficient Kq- and the soil-specific fraction of organic carbon content foc;

 soil-specific dry bulk density;

s compound-specific half-life t./» used to determine the compound-specific first-order biodegradation rate
constant A through the relationship A=In(2)/t1/2; and

*  compound-speafic source concentration.

The retardation /biodegradation input parameters applied for sensitivity sirnulation 12 are pregented in
Table 1.

For thie source condition, consideration was given to the amount of vinyl chloride that may be produced
from the degradation of parent compounds detected in the CLTs. Vinyl chloride may be produced by the
sequential anaerobic biodegradation of PCE to TCE to cis-1,2-dichloroethene (c-1,2-DCE) to vinyl chloride.
Under anaerobic conditioris, vinyl chloride then may be biodegraded toethene. - Anaerobic groundwater
conditions are expected to-prevail within the CDF. The maximum anaerobic half-lives for these compounds
reported in Howard et al. (1991)) are as follows:

4.5 years for PCE;

4.5 years for TCE;

2 years for ¢-1.2-DCE; and
» 2 years for vinyl chloride.

The sequential parert compound degradation and potential vinyl chloride production may be estimated by
applying sequential first order kinetics as follows:

Cpcg ;)= Cpog ti_1)-Apce xCpep (ti_q Jdt

Creg (t:)= Crce Wi-1)-Arce x Creg (o1 )%dt + Mace /M pcg X Apce % Cpce (1 )% dt
Crew ()= Creg Wic1)— Aree X Creg Gy )X dt + Mocp [M peg X Apeg % C pep (tog )x dt
Cyc )= Cyc (i1 ) Avc XCyg (-1 )xdt + Mye /M peg XApcg % Cpeg (g Ixdt

where; ‘

¢ concentration [micrograms per liter (ug/L)];

i first order decay rate (days?) equal to the value of In(2) divided by the compound hajf-life,
M molecular weight [gram per mole (g/mole)};

1 Howard, P.H., R.5,, Boethling, W.F. Jarvis, WM. Meylan, and E.M. Michalenko, 1891, Handbook of Environmental
Degradation Rates, Lewis Publishers, Chelsea, Michigan.
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# current time step;
¥i1 previous fime step; and
dt time step increment (days).

The above approximation reasonably reflects a first erder reaction if a srmall value is applied for dt. The
potential production of vinyl chloride was estimated using a df of 0.0005 days. Initial concentrations for the
above compounds were taken as the maximum concentrations of 700 ug/L, 830 pg/1, and 2,600 pg/L for
PCE, TCE, and vinyl chloride, respectively, detected in the CLTs as presented in Tables 3.4 to 3.7 of the
Leach Test Report. The maximum concentration of 48 ug/L reported in Tables 3.4 to 3.7 of the Leach Test
Report for trans-1,2-dichloroethene was applied as the imitial concentration for ¢-1,2-DCE. The maximum
anaecrobic half-lives reported in Howard et al. {1991) were applied for PCE, TCE, and ¢-1,2-DCE. An
anaerobic half-life of 20 years was applied for vinyl chioride as a corservative approach. Figure 60 presents
the estimated concentration profiles over a 16-year time period for PCE, TCE, ¢-1,2-DCE, and vinyl chloride
using the sequential first order kinetics approach. The concentrations of ail compounds decline over this
time pentod and vinyl chloride levels do not increase above the initial concentration. Therefore, for
sensitivity simulation 12, a constant source concentration of 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 conservative since the source concentrations are expected to decline with time as described

above.
For gensitivity simulation 12, Table 2 indicates the following:

« figure presenting the predicted concentration at the seaward face of the berm; :
s figure presenting the predicted concentration at the sanard face of the berm expanded scale; and
= simulated peak and average concentrations.

The peak and average vinyl chloride seepage concentrations discharging to Commencement Bay presented
in Table 2 are compared to the acute and chronic WQC for Commencement Bay in Table 3. The acute and
chronic WQC for vinyl chloride are not exceeded by the simulated seepage concentrations. The simulated
acute vinyl chloride seepage concentration is lower than that predicied for the revised base case. Therefore,
the results of the vinyl chloride migration simulation considering retardation and limited biodegradation
confirm that if attenuation processes such as retardation and biodegradation are considered in the
modeling, in addition to tidal dispersion attenuation process represented in the revised base case, then the
resultant predicted concentrations at the seaward face of the berm would be less than the predicted
concenirations presented in Table 3 for the revised base case. Therefore, sensitivity simulation 12 confirms
the conservative nature of the modeling approach applied in the revised bage case.
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TABLE 2

FEAK AND AVERAGETIDAL DILUTICN FACTORS

GROUNDWATER FLOW ANTD CONT AMINAMT TRANSPORT MODEL SENSITIVITY SIMULATIONS

CLT EVALUATION
AREA 5106 REMOVAL ACTION
FORMER CHOC TACOMA FACTLITY

Figre Presentiuy Figure Preserting Figarre Preseniing
Tine Iriclu ceel FPredicted Concentralion Fredicted Conventration
Sensitivdly Water Level at Seatoard Fee nt Seaivard Face Sitntu bared Penk
Surnachatiosr Flrchieations of Berm of Besws {Expranded Soale} Refative Concerntration
Revised

Base Case "Figure 15 Figriera 16 Figure 17 00382
1 Figure 2% Figure 10 Figure 51 DL463
2 Figure 32 Figure 13 Pigure H 00345
3 Figure 15 Meure Flgure 37, 0.0s94
4 Figure 23 Figura }9 Figure 10 00211
5 - Figure 41 Figure £2 00389 |
] Figure 43 PFigure 44 Figure 45 ’ (0442
7 Figure 46 Figure 47 Figure 48 2.097
| Figure 45 Eiguze H Figure 31 00159
b1 Figure 52 Figure 53 Figure 5¢ 00674
10 - Figure 55 Figure 56 0.0811
1 Figure 57 Figuse 55 Figure 59 ‘ 00351

a)
C;mk
{pgil}

12 - Figure £1 Figure 52 432

BHote:

" Peak Tidal Dispersion Pactor (TDF ) based or the peak relative concentration simulated akthe sepward -face of the herm once approxdmale steady-state ocnditions wiere achleved,

Stmulated Average
Relalive Concentradien

0.0192
(0233
00174
00NE
PRI
194
00262
00168
Q00s?
0408
D587
00280

fel
(pegily

TOF pyat

2618
2140
2899
1578

4739

Azz.sz
3367
G282
1484
1233

271

[+1]
TDF 5oy

5203

400

7.l

386

92,00

51.68

4943

545

150.28

453

74

5T

1z Average Tidal Dispersion Factor (TDF,0) based o the average relative roncentration simulated at the seaward face of the berm once approxmate steady-state conditions were achieved.

¥ pesk concentration simulated at the seaward fane of the bezm after achieving appraxdmate steady-state tondi:tons.
“ Awverage concenfration simulated at the scavward face of the berm after achieving approodmate steady-state conditions.
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GROUNDWATER FLOW AND CONTAMINANT TRANSMORT MODEL SENSITIVITY STMT/LATICING
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