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ABSTRACT

The Western Processing Hazardous Waste Site consists of 13 acres near
Kent, Washington, which operated as an industrial waste recycling facility
from about 1960 through 1982. During 1982, the U.S. Environmental Protection
Agency (EPA) conducted surface water sampling around the site and found 26
priority pollutants, all of which were subsequently found on site. As a
result of these findings and subsequent efforts, the EPA initiated a series
of studies to characterize the site and -evaluate vremedial action
alternatives.

One of the efforts initiated by the EPA was to develop a groundwater
flow and contaminant transport model of the site to be used in evaluating
proposed ‘remedial actions. The development and calibration of this model and
its use in evaluating remedial actions is discussed in this report.

A conceptual model of the study area was formulated based on the
available hydrogeologic and contaminant data. The conceptual model formed
the framework for developing the groundwater flow and contaminant transport
model of the area around the Western Processing Site.

Once calibrated a limited sensitivity analysis was performed to
determine the sensitivity of the model results to changes in hydraulic
conductivity, porosity, recharge, dispersivity, and retardation factor. The
model was used to evaluate the effectiveness of remedial actions proposed by
CH2M HILL and the Potentially Responsible Parties, as well as minor
modifications. The remedial actions considered include: 1) no-action; 2)
source removal; 3) source removal and pump and treat; 4) capping and pump and
treat; 5) source removal and a slurry wall; and 6) source removal, slurry
wall, and pump and treat. Pumping rates of both 100 gpm and 200 gpm were
simulated in the model.

Of the remedial actions simulated, source removal combined with pump and
treat was found to provide the greatest reduction in mass of



trichloroethylene (TCE) from the groundwater flow system. Simulations showed
that all TCE was removed from the groundwater flow system in 15 and 5 years
at the 100 gpm and 200 gpm pumping rates, respectively. The slurry wall
around the site prevented the removal of -TCE that was off site, but was
effective in reducing the lateral flow of clean water to wells during pumping
and containing contamination after pumping ceases.
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SECTION 1
INTRODUCTION

The goal of this project was to evaluate remedial action alternatives
for the Western Processing Hazardous Waste Site in Kent, Washington, using a
calibrated groundwater flow and contaminant transport model. The specific
tasks of the study included:

° review available data and identify deficiencies;

] develop a groundwater flow and contaminant transport model of the study
area;

° calibrate the flow and transport model with existing data;

) perform a limited sensitivity analysis with the final calibrated model;
and

. evaluate remedial action alternatives for the site with the calibrated
model.

A conceptual model of the flow system was developed based on the
available hydrogeologic data. This conceptual model formed the framework for
developing the flow and transport numerical model of the site,

The Finite Element Three-Dimensional Groundwater (FE3DGW) code (Gupta et
al., 1979) was initially used to model the groundwater flow within an area at
and around the Western Processing Site. A finite element grid was developed
and the necessary data on geologic structure, boundary conditions, hydraulic
conductivities, and hydraulic stress were input in the code. Once the flow
model was calibrated, these data were input to the three-dimensional Coupled
Fluid, Energy, and Solute Transport (CFEST) code (Gupta et al., 1982) to
simulate the groundwater flow and contaminant transport. CFEST is an
extension of FE3DGW in that it uses the same hydrologic data structure and
finite element grid. In addition, CFEST includes the necessary parameters to
couple contaminant transport with groundwater flow.



Once developed, the flow and transport portions of the model were
calibrated to observed 1982 through 1984 potentiometric and contamination
data provided by EPA Region X. In this phase of the project, the transport
modeling was based strictly on observed concentrations of trichloroethylene
(TCE) in the groundwater, surface water, and soil at the site. A limited
sensitivity analysis was performed with the final calibrated (base case)
model in order to test the sensitivity of the model results to variations in
the basic model input parameters.

The final calibrated flow and transport model was used to predict the
effectiveness of remedial action alternatives proposed for the Western
Processing Site by CH2M HILL and the Potentially Responsible Parties (PRPs),
The CH2M HILL proposed actions were: 1) source removal combined with pump
and treat; and 2) cap combined with pump and treat. The PRPs proposed action
(Landau Associates and Dames and Moore, 1984) consisted of a combination of
source removal, a slurry wall around the site, and pump and treat. In
addition to the basic remedial action runs, a no-action run (extending the
base case  run into the future) was performed to provide a benchmark against
which remedial action results could be compared. Also, a few minor
variations (e.g., using different combinations of actions and variable
pumping rates) to the basic remedial action runs were simulated in order to
better understand the model results.

In all cases, the flow portion of the model was used to predict changes
in the groundwater potential (i.e., drawdown) and volumes of water removed.
The contaminant transport portion of the model was used to predict the mass
of TCE removed from the system and average concentrations up to 50 years into
the future.



SECTION 2
CONCLUSIONS

A groundwater flow and contaminant transport model of the Western
Processing Site has been developed and calibrated. An acceptable calibration
was achieved both in terms of matching model-predicted to observed hydraulic
potentials and TCE concentrations, as well as accurately predicting the
groundwater gain of Mill Creek over the model region, and the concentration
of TCE in the creek. The model was also able to closely match the estimated
total mass of TCE in the groundwater flow system based on monitoring data for
the period 1982 through 1984,

A . limited sensitivity analysis was performed to determine the
sensitivity of “the model results to changes in hydraulic conductivity,
porosity, recharge, dispersivity, and retardation factor. The analysis
showed that all parameters tested have some impact on the results of the
final calibrated model, and no parameter can be changed without altering the
current calibration.

The final calibrated model was used to evaluate the effectiveness of
remedial actions proposed by CH2M HILL and the PRPs. All model runs have
simulated the transport of TCE. Other contaminants on site will behave
differently because they have different sorption properties, are present 1in
different quantities at the site, and/or have different source locations).
It is important to keep this in mind when extrapolating the model results for
TCE to a more comprehensive remedial action for all contaminants on site.

A summary of the results for all remedial action simulation runs is
shown in Table 1. A comparison of the total mass of TCE remaining in the
groundwater flcwv system for the CH2M HILL and PRPs remedial action cases are
shown in Figure la and 1b, respectively. The CH2M HILL PRPs base case and
no-action cases show essentially the same results. The only difference is
that the slurry wall elements in the PRPs case reduced the size of the



TABLE 1. SUMMARY OF THE MODEL RESULTS FOR THE CH2M HILL AND PRPS
REMEDIAL ACTION SIMULATIONS.

TCE Discharging TCE Dlscharglng?% X TCE X TCE Years to Average
to Mill Creek to Mil} Creek ' Discharging to Withdrawn VYears to Remove Drawdown
TCE in System TCE in System 1933 - 1988 1988 - 1993 MiV) Creek by Pumping Remove 90X of Over Site
Cases in 1988 (1b) in 1993 (1b) {Ib) |, {Ib) and Ditch Wells all TCE the TCE (ft)
CHZ2M HILL Cases
No-Action 13,075 9,611 4,822 3,597 100 N/A ~50 30 N/A
Source Removal 12,141 8,587 1,781 3,447 100 N/A 50 30 N/A
Source Removal,
Pump and Treat
(100 gpm) 1,511 593 1,824 246 13 87 15 5 4.0
Source Removal,
Pump and Treat
(200 gpm) 0 0 529 0 3 97 S ) 8.5
Cap, Pump and Treat
{100 gpm) 1,307 S84 1,767 213 9 91 15 ) 4.5
Cap, Pump and Treat
{200 gpm) 0 0 500 0 3 97 5 -8 9.0
PRPs Cases
No-Action 12,1389 9,136 4,480 3,392 100 N/A ~50 30 N/A
Source Remova! 12,388 9,875 3,536 2,438 100 N/A >50 40 N/A
Source Removal,
Slurry Wall,
Pump and Treat
(100 gpm) 2,571 1,069 2,349 1,463 18 82 1S 10 6.0
Source Removal,
Slurry Wall,
Pump and Treat
(200 gpm) 0 0 467 0 ] 97 5 -5 12.0
Source Removal,
Pump and Treat
(100 gpm) 1,276 045 1,575 418 1 89 20 5 4.0
Source Removal,
Pymp and Treat
(7200 gpm) 0 0 467 0 3 9/ ) 5 0.5

N/A = Not Applicable



in the Groundwater System

Total Mass of TCE (1b) Remaining
in the Groundwater System
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Figure la. Comparison of the Total Mass of TCE Remaining in the Groundwater
Flow System for the CH2M Hill Remedial Action Cases
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Figure 1b. Comparison of the Total Mass of TCE Remaining in the Groundwa‘er
Flow System for the PRPs Remedial Action Cases



Reaction Pond III and Well 21 source area which in turn, slightly reduced the
mass loading to the system.

The results for the pump and treat where the wells were pumping 200 gpm
(758 1/min) showed that all of the TCE would be removed from the system in
the first 5 years. All cases where the wells were pumping 100 gpm (379
1/min) showed that 85% to 90% of the TCE is removed in the first 5 years and
the remainder is removed within the next 10 to 15 years. The slurry wall in
the PRPs cases prevented the pumping wells from removing TCE that had moved
off site, and therefore, the simulations with the wall were less effective at
removing the TCE.

There do exist some small differences in the results for the various
model simulations. But, for the most part, all remedial actions were about
equally effective in cleaning up the TCE in a 5 to 15 year time period.



SECTION 3
DESCRIPTION OF THE STUDY AREA

The Western Processing Site is located within the City of Kent,
approximately four miles (6 km) north of the business district (Figure 2).
The facility occupies an area of about 13 acres (5 ha), and when in operation
consisted of a small laboratory, a solvent recycling plant, a fertilizer
plant, bulk storage tanks, drum storage areas, piles of flue dust,
construction debris, and large cement-block above-ground storage lagoons for
liquid wastes, cooling water, and process water (EPA, 1983). Mill Creek,
also known as King County Drainage Ditch No. 1, runs across the northwest
corner of-the site from south to north. A drainage ditch, bicycle trail, and
railroad tracks run along the eastern boundary of the site.

During the fall and winter of 1984, the site was partially excavated to
remove surface structures, waste piles, and some of the contaminated soil.
The modeling discussed in this document uses the pre-excavation ground-
surface elevation (averaging 25 ft above mean sea level) as a reference
point.

CLIMATE

The annual average rainfall at the Western Processing Site is 39 in.
(99 cm). There is a well defined dry season in the summer and a rainy season
in the winter. Table 2 shows the monthly average of precipitation, potential
evapotranspiration, and actual evapotranspiration. The amount of
precipitation that recharges the aquifer was estimated to range from 4 to
12 in./yr (10 to 30 cm/yr). Using a method described by Dunne and Leopold
(1978), a recharge of 8 in./yr (20 cm/yr) was obtained. A detailed
description of recharge calculations is contained in Appendix B.
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TABLE 2. AVERAGE MONTHLY PRECIPITATION, POTENTIAL EVAPOTRANSPIRATION
(PET), AND ACTUAL EVAPOTRANSPIRATION (AET) FOR THE SEATTLE AREA

Month Precipitation,* in. PET,** in. AET,** in.
January 5.73 0.3 0.3
February 4.24 0.6 0.6
March 3.79 1.2 1.2
April 2.40 1.8 1.8
May 1.73 3.1 3.0
June 1.58 3.8 2.9
July 0.81 4.5 2.0
August 0.95 4,1 1.6
September 2.05 2.8 1.9
October 4.02 1.8 1.8
November 5.35 0.8 0.8
December 6.29 0.5 0.5

25.3 18.4

~ Annual 38.94

*(NOAR, 1974)
**(E11is, 1984)

GEOLOGY

The Western Processing Site lies in the broad flgod plain of the Green
River. Elevations in this valley average 20 ft (6 m) above mean sea level.
The sediments include alluvial fan deposits of sand, silt, peaty silt, and
clay more than 150 ft (45 m) thick, primarily derived from Mt. Rainer and
transported by the White River (Luzier, 1969).

The top 8 ft (2.4 m) underlying the Western Processing Site consists
primarily of unsaturated artificial fill material. Below the fill, the site
is underlain by a mixture of sand, silt, clay, and peat to a depth of
approximately 40 ft (12 m) (Unit 1). Intermittent clay lenses are present 1in
this layer (Hart-Crowser, 1984). From 40 to 150 ft (12 to 46 m) below the
surface (Unit 2) the material consists predominantly of fine to medium sand

‘with occasional layers of silty and/or gravelly sand (Hart-Crowser, 1984).
Underlying Unit 2 is a thick (greater than 218 ft) layer of silt which forms
an aquitard (CH2M HILL, 1984).
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site. As a result of this action, disposal at the site ceased in 1982. In

1982 and 1983, the EPA installed a series of monitor wells and collected soil
and water samples. An initial remedial measure was implemented (1imited
capping, excavation and removal, drum storage, etc.) to contain some of the
waste until a more permanent remedial action could be designed and
implemented.

In 1984, the EPA did more extensive excavation, removing all of the
structures and materials (drums, waste piles, buildings, etc.) on site and
removing some of the contaminated soil. Waste disposal records for the site
are sketchy; however, a review of the records that are available indicates
that TCE was one of the most common wastes received, and that it was receijved
from about 1960 to 1980. Sampling results confirm the widespread
distribution of TCE in on-site wells, although it has been detected (at low
levels) in only two of the off-site wells.

There is no evidence that trans-1,2-dichloroethylene (DCE) had ever been
received at the site, however, DCE has been found on site in both soil and
groundwatér samples. In some cases the level of DCE approaches or exceeds
the level of TCE.

As a general trend, it has been found that the occurrence of the
dichlorinated species increases downgradient from source areas. These
findings led to the conclusion that degradation of TCE is the likely source
of DCE. The most plausible mechanism for such a transformation is
biodegradation (Wood et al., 1981).

As a result of these determinations, the contaminant transport model
calibration assumed that this TCE to OCE transformation process occurs.
Because this transformation cannot be simulated in the model, the sum of TCE
and DCE concentrations was used to calibrate the model.

The high TCE concentrations measured in the soil and/or groundwater in
Wells 11, 15, 17, 20, 21, and 27 (Figure 4) indicates the existance of three
probable TCE source areas: 1) Reaction Pond I; 2) Reaction Pond III; and 3)
around Well 21. A summary of the measured TCE and DCE concentrations in the
soil and groundwater at the three suspected source locations is shown in
Table 4. The sum of the TCE and DCE concentrations in the groundwater was
used for model calibration.
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TABLE 4. SUMMARY OF SOIL AND GROUNDWATER CONCENTRATIONS OF TCE AND DCE (EPA, 1982)
AT THE THREE SUSPECTED SOURCE AREAS

Associated  Concentration TCE (ppb) Concentration DCE (ppb) Total TCE and DCE

Source Well Number Soil Groundwater A Soil Groundwater in Groundwater
Reaction Pond 1 11 312 80,000 0 0 80,000
15 580,000 210,000 0 0 210,000%
17 558,000 42,000 0 0 42,000
Reaction Pond 111 20 676 1,100 0 0 1,000
27 NS 140,000 NS 0 140,000*
Around Well 21 21 1,520 170,000 24 390,000 560,000*

NS = No soil samples taken.

*Concentration matched in the model calibration process.

Soil samples may have been taken from either the saturated or unsaturated zone and
were not necessarily in contact with the groundwater.



The maximum observed TCE concentration in groundwater is 210,000 ppb,
while the maximum observed soil concentration is 558,000 ppb. The EPA
priority pollutant human health criteria for TCE in water is 27 ppb at 10"5
cancer risk (EPA, 1980).
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SECTION 4
- MODEL DEVELOPMENT

A numerical model was developed to simulate groundwater flow and
contaminant transport at the Western Processing Site. The model was
developed in two steps:

1) a flow model was developed to describe the groundwater flow in the area
around the Western Processing Site; and

2) the flow model was used to form the basis of a transport model which
simulated the movement of contaminants in the groundwater.

Although the model was developed in two stages, the final result is a single

model which can be used to simulate groundwater flow and contaminant

transport at the site. Because the model was developed in a staged approach,

the flow and transport portions will be discussed separately.

MODEL SELECTION

A three-dimensional model was selected for the Western Processing Site
because it is able to simulate: 1) variations in permeability with depth; 2)
the vertical flow within the study area; 3) localized discharge to Mill Creek
and the drainage ditch; and 4) slurry wall and pumping depths in the proposed
remedial actions.

The numerical codes selected to model the Western Processing Site are
the FE3DGW flow code and -the CFEST transport code. The FE3DGW code simulates
groundwater flow while 1its companion code, CFEST, simulates contaminant
transport coupled with groundwater flow. The two codes are completely
compatible such that the simulation of transport phenomena using CFEST
proceeds directly from calibration of FE3DGW based on flow properties. Both
codes have been benchmarked against other numerical codes and have been
verified by solution of standard analytical problems (Gupta et al., 1979 and
1982).
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GROUNDWATER FLOW MODEL DEVELOPMENT-

The flow model of the local area around the Western Processing Site was
developed based on the available hydrogeologic data. The model area is
2,790 ft (850 m) wide and 4,020 ft (1,225 m) long. The Western Processing
Site is located near the center of the model region (Figure 5).

A finite element grﬁd was developed for the local model region to
properly represent the areal extent, boundary conditions, and ' primary
features of the hydrologic system. The grid consists of 311 nodes and 283
elements. The two-dimensional surface representation of the grid is shown in
Figure 6. )

Data files were developed for the aquifer thickness and extent,
vertical and horizontal hydraulic conductivity, and hydraulic stress
(recharge and discharge) using data received from EPA Region X. The data
used in the final calibrated flow model are discussed below.

Structure..

The top 100 ft (30 m) below the water table was simulated in the model.
The top 30 ft (9 m) was simulated as a silt and fine sand material with
intermittent clay lenses (Unit 1 as defined in the previous section). The
intermittent clay lenses were simulated by reducing the ratio of vertical to
horizontal permeability. A coarser sand material (Unit 2 -as defined in the
previous section) was simulated between 30 and 100 ft (9 and 30 m) below the
water table.

Although the region was simulated with two geologic units, the vertical
dimension in the model was simulated as four layers. Layers 1 and 2 composed
Unit 1, while Layers 3 and 4 composed Unit 2. The layer thicknesses from top
to bottom were 13 ft (4 m), 17 ft (5 m), 10 ft (3 m), and 60 ft (18 m). This
subdivision of geologic units allowed for more vertical resolution in the
model, as well as allowing an accurate representation of pumping depth,
source removal depth, and slurry wall depth 1in the remedial action
simulations.

18
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Boundary Conditions

The model boundaries were defined with the FE3DGW code's "leakance
boundary condition" option, which can be defined as a combination of flux and
constant head (held) boundary conditions. This option uses the distance from
the boundary to a known potential, the potential at that distance, and the
cross-sectional area associated with each node to calculate the flux and
potential at the boundary nodes based on the model conditions. In effect,
this option calculates the potential along the boundary based on regional and
local data. The regional data used to calculate the boundary conditions were
obtained from regional wells and Green River elevations. Elevations along
the Green River were assumed to be hydraulically connected to the groundwater
system.

Mill Creek and the ditch to the east of the site were simulated using a
stream boundary option. Rather than holding the groundwater potential at the
elevation of the creek and the ditch, this option allows the model to
calculate~the groundwater potential based on the surface water elevation;
stream bottom elevation, cross-sectional area, thickness, and permeability;
and minimum stream depth. Surface water elevations at each node along Mill
Creek and the ditch, were interpolated or extrapolated from surveyed values
obtained in April, 1984 (Figure 7). A more detailed description of the
boundary conditions is provided in Appendix C.

Hydraulic Conductivity

Initially, horizontal (Kh) and vertical (Kv) hydraulic conductivities
were assigned to the two material types discussed above based on data in the
Hart-Crowser report (1984). These values were then adjusted in the
calibration process until a good match was achieved between model-predicted
and observed potentials.

The hydraulic conductivities used in the final calibrated model for each
material (Units 1 and 2) are shown in Table 5. The values were uniform
throughout each layer. For both material types, the final calibrated v=lues
were within the range of values reported by Hart-Crowser (1984). |
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TABLE 5. PARAMETERS USED IN THE FINAL CALIBRATED GROUNDWATER

FLOW AND CONTAMINANT TRANSPORT MODEL

Structure
Top (ft AMSL)
Bottom (ft AMSL)
Thickness (ft)

Horizontal Hydraulic
Conductivity (ft/day)

Vertical Hydraulic
Conductivity (ft/day)

Kv/Kh

Effective Porosity
Lonéitudina] Dispersivity (ft)
Transverse Dispersivity (ft)
Retardation Factor

Lithology

Surface Recharge = 8.0 in./yr

Model Layer

I 2 3 4
15 2 -15 -25
2 -15 -25 -85
13 17 10 60
3.5 3.5 50 50
0.175 0.175 5 5
0.05 0.05 0.1 0.1
0.15 0.15 0.15 0.15
25 25 25 25
5 5 5 5
4 4 4 4
silty silty sand sand
sand sand
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Groundwater Potential

Due to a lack of transient data, it was assumed that the groundwater
system around the Western Processing Site is in steady state. A review of
the transient potential data that have been collected showed that, the
potentials do not change enough to significantly alter the flow field or flow
velocities. Therefore, the steady state assumption 1is considered to be
acceptable for the modeling effort.

A contour surface of the April, 1984 potential data was used to
represent the initial potential conditions (Figure 3). This surface was
prepared by kriging potential data from 36 wells on and around the site, and
measurements along Mill Creek and the ditch. Kriging is a statistical
technique used to estimate a surface from spatially-distributed data. The
model-predicted potential surface was compared to the kriged potential
surface in the model calibration process.

Hydraulic Stress

The 'bnly hydraulic stress considered within the model region was
recharge from precipitation. Recharge was assumed constant over the area at
8 in./yr (20 cm/yr). The only exception was in the asphalted (capped) area
on the site (Figure 2) where recharge was set at 0 in./yr. A detailed
description of the recharge calculations is contained in Appendix B.

Porosity

Measured values of porosity are not available for the Western Processing
Site. As a reasonable estimate, an effective porosity of 15% was used in all
layers of the model.

CONTAMINANT TRANSPORT MODEL DEVELOPMENT

The contaminant transport model was developed using the calibrated flow
model, observed or estimated migration parameters, and estimates of source
loading on the groundwater system as a function of time. Data input files
were developed to define source concentrations, leaching rates, retardation
factors, and dispersivity. In most cases, these data were not specifically
known for the Western Processing Site. As a reasonable estimate, initial
values were selected from the literature and final values were derived in the:
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model calibration process. The data used in the final calibrated transport
model are discussed below.

Contaminant Selection

A review of the list of wastes received at the Western Processing Site
showed that TCE was accepted throughout the operating life of the site.
Also, high concentrations of TCE have been measured in many of the wells on
site and it 1is one of the ubiquitous contaminants. Therefore, TCE was
selected for use in calibrating the transport model, and for comparison of
the various remedial action alternatives simulated. -

As discussed earliér, the DCE observed on site is believed to be a
degradation product of the TCE. Since the model is not capable of simulating
this degradation process, the initial mass {concentration) of TCE was assumed
to be the total mass (concentration) of TCE plus DCE. The total
concentration of TCE plus DCE at each of the three suspected source areas is
shown in-Table 4. These totals are the concentrations that were matched in
the model calibration process. From this point on, the total of TCE plus DCE
will be referred to simply as TCE.

Source Location

A review of the sampling results for TCE in the on-site wells (EPA,
1983) reveals three probable source areas: 1) Reaction Pond I; 2) Reaction
Pond IIl; and 3) around Well 21. The area of the finite elements used to
simulate Reaction Ponds I and IIl was set to represent the actual areas of
these ponds. Reaction Pond I was represented in the model by elements with
an area of 7,800 ftz (750 mz). Reaction Pond III was represented in the
model by elements with an area of 7,050 ft2 (655 m2).

For an unknown number of years during the operation of the site, TCE was
mixed with fly ash in the area around Well 21. High concentrations of TCE in
both the soil and groundwater at the location of Well 21 indicate a probable
source. The area of this source is unknown, therefore, it was determined in
the model calibration process by the area which resulted in the desired
concentration and mass loading of TCE. In the final calibrated model the
sourcezaround Well 21 was represented by an element with an area of 1,600 ft2
(149 m<).
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Source Area Concentrations

Leaching of TCE into the groundwater, rather than direct infiltration,
was the primary mechanism for introducing TCE to the model. Therefore, the
initial TCE concentration was defined at the elements representing the three
source areas, and the loading rate at each site was calculated as the
infiltration rate times the surface area of the source times the initial TCE
concentration at the source. The initial TCE concentrations at the three
sources were defined as follows: Reaction Pond I -- 6.0 x 10° ppb, Reaction
Pond III -- 1.9 x 106 ppb, and around Well 21 --1.15 x 107 ppb. The
infiltration rate was constant over the entire model region at 8 in./yr (20
cm/yr). Using the areas for each source given above, the loading rates in
the model at Reaction Ponds I and III, and around Well 21 were 195 1b/yr (88
Kg/yr), 559 1b/yr (254 Kg/yr), and 769 1b/yr (349 Kg/yr), respectively, over
the 20-year active disposal life of the site. The total model-predicted mass
of TCE disposal at the site was 1,523 1b/yr (689 Kg/yr) or 30,460 1b
(13,781 Kg) over the 20-year disposal period.

Source Duration/Leach Rate

The sources were assumed to be actively leaching TCE into the
groundwater for 20 years, from 1963 through 1983. The rate of leaching was
constant over the.20 years at the rates given above.

The mass of TCE currently in the unsaturated zone at the three source
areas was estimated to determine how long leaching into the saturated flow
system would continue (see Appendix A). This information was used to
determine how long to keep the sources active in the model. The results of
these calculations indicate that virtually all the mass of TCE in the
unsaturated zone beneath Reation Pond III and around Well 21 has already
leached into the saturated zone. Therefore, these two sources were turned
off in the model in 1983. The calculations show that Reaction Pond I would
continue to leach TCE into the groundwater for about 20 years, and that the
rat~ decreases exponentially. Based on the calculations, the model input
concentration at Reaction Pond I was set at full strengh (6 x 105 ppb) for
the first five years into the future (1984 - 1988), and then it was reduced
by 75% at each of the next three time steps (1989 - 1993 = 50,000 ppb, 1994 -
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1998 = 37,500 ppb, and 1999 - 2003 = 9,400 ppb). After the year 2003, all
sources of TCE were turned off in the model.

Sorption/Retardation

The CFEST model wuses a single retardation factor for the entire
groundwater flow system (all layers), which was determined in the model
calibration process. The retardation factor used in the final calibrated
model was 4.0.

The retardation factor can be calculated from the bulk density, actual
and effective porosity, and the distribution coefficient (Kd) for the
material through which flow occurs. A discussion of these parameters and how
they relate to a retardation factor of 4.0 is contained in Appendix D.
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SECTION 5
MODEL CALIBRATION

The flow and transport models were calibrated by adjusting certain model
input parameters until a good match was achieved between model-predicted and
observed data. A brief description of the calibration process for both the
flow and transport models is provided below.

FLOW MODEL CALIBRATION

Once the data were input into the FE3DGW code, the model was run in the
steady-state mode to predict groundwater potentials. The model was
calibrafgg-by comparing the model-predicted flow field to measured potential
data.

The difference between model-predicted and measured hydraulic potentials
was minimized by adjusting the following flow model parameters: the vertical
and horizontal hydraulic conductivity, the parameters controlling the flow to
Mi1l Creek and the drainage ditch (stream bottom permeability and thickness),
and the boundary conditions.

The final model-predicted potential surface for the water table (top of
Layer 1) (Figure 8) compares well with the kriged potential data (Figure 3)
and the conceptual model of the flow regime within the study area (i.e.,
localized flow to Mill Creek and the ditch, and regional flow to the
northwest). Potential surfaces for the model-predicted top of Layers 2, 3,
4, and the bottom of Layer 4 are shown in Figures 9, 10, 11, and 12,
respectively. The model-predicted groundwater flux to Mill Creek along the
reach within the study area is 0.45 cfs (1,101 m3/day). This value compares
well with a gain of 0.5 cfs (1,223 m3/day) along Mill Creek within the study
area as measured in May, 1982, by EPA Region X.

Regional groundwater flow as predicted by the model is to the northwest,
while localized flow is to Mill Creek. Discharge to Mill Creek dominates the
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flow patterns to a depth of about 30 ft (9 m) and its influence can be seen
at 100 ft (30 m). The model predicts that regional groundwater flow becomes
dominant somewhere between 30 and 50 ft (9 and 15 m) below the surface.

TRANSPORT MODEL CALIBRATION

Once the ‘data were input into the CFEST code, the model was run in the
transient mode with five-year time steps from 1963 to 1983. The model was
calibrated by comparing model-predicted to measured TCE concentrations for
1983, TCE mass loading to Mill Creek, and total mass of TCE in the system in
1983.

The difference between model-predicted and measured data was minimized
by adjusting the retardation factor and source strengths in the model. Leach
time was assumed to be the period of active disposal (20 years). Because the
unsaturated zone is very thin, it was assumed that TCE entered the saturated
zone soon after disposal. . ‘

A siioothed kriged concentration contour ptot of TCE within the model
study area is shown in Figure 13. The model-predicted TCE concentrations for
the top of Layer 1 (Figure 14) compare reasonably well with the kriged
values. The model-predicted TCE concentrations for the top of Layers 2, 3,
4, and the bottom of Layer 4 are shown in Figures 15, 16, 17, and 18,
respectively.

In addition to matching the observed location of the TCE plumes from the
three source areas, it was important to match the maximum observed TCE
concentration at these areas. This match was achieved through source
calibration. The measured and model-predicted concentrations at the three
source locations are shown in Table 6.

The concentration of TCE in Mill Creek was calculated based on model
results and compared to the measured concentration. The model-calculated
concentration of 39 ppb based on a creek flow of 15 cfs (0.4 m3/sec) is
comparable to the creek TCE concentration of 15 ppb measured in January 1984,
by EPA Region X.
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TABLE 6. COMPARISON OF OBSERVED TO MODEL-PREDICTED MAXIMUM
TCE CONCENTRATIONS IN THE GROUNDWATER AT THE THREE

SOURCE LOCATIONS

Measured Model-Predicted
) Concentration Concentration
Source Location (ppb) (ppb)
Reaction Pond I 210,000 212,000
Reaction Pond III 140,000 139,000
Around Well 21 . 560,000 557,000

The total mass of TCE (actually TCE plus DCE) in the flow system in
1983 as predicted by the model was 17,100 1b (7,737 Kg). This value compared
well with the 18,000 1b (8,144 Kg) of TCE plus DCE as estimated independently
by CH2M HILL (1985) and Landau Associates and Dames and Moore (1984) based on
the 1982 through 1984 measured concentration data. A 1list of the parameters
used in the final calibrated model is shown in Table 5.

BASE CASE MODEL RESULTS

The base case is defined as the 20-year simulation period from 1963
through 1983. Over this 20-year period, the model predicted that a total of
30,400 1b (13,756 Kg) of TCE entered the groundwater flow system. Of this
total, 17,100 1b (7,738 Kg) remained in the flow system in 1983. Of the mass
exiting the system 97% (13,300 1b (6,018 Kg)) discharged to Mill Creek and
the remaining 3% discharged to the drainage ditch along the eastern boundary
of the site. No TCE entered the deeper, regional flow system which flows
northwest toward the Green River. The distribution of TCE in the groundwater
flow system for the base case is shown in Table 7.

NUMERICAL DISPERSION

Figures 14 and 15 have low concentrations of TCE upgradient from the
sources where it is not possible (from the conceptual model) for
contamination to have occurred from Western Processing. Occurrences of this
phenomena are evidenced by the closed Tloop 100 ppb contours west of Mill
Creek (which is upgradient from the creek in the top three model layers) and
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south and east of Well 21; these contour lines are identified in Figure 14,
In all cases, these upgradient occurrences of TCE are caused by numerical
dispersion. Numerical dispersion is inherent to the numerical solution of
-the convective dispersion equation contained in the model code and,
therefore, cannot be avoided. Numerical dispersion can be reduced by
adjusting the model node ~spacing, however, it can never be completely
eliminated. In all TCE concentration contour plots (i.e., remedial action
simulation plots), upgradient occurrences of TCE have been attributed to
numerical dispersion and should be disregarded.

TABLE 7. DISTRIBUTION OF TCE IN THE MODEL BASE CASE SIMULATION

TCE Remaining

TCE TCE in Groundwater
Year Inflow (1b) Qutflow (1b) System (1b)
1968 7,601 1,049 6,552
1973 7,601 2,906 11,247
1978 7,601 4,183 14,655
1983 7,601 5,195 17,071
Total 30,404 13,333
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SECTION 6
SENSITIVITY ANALYSIS

After the model calibration was completed, several additional model runs
were made to test the sensitivity of the model results to changes in various
model input parameters. The sensitivity runs were performed with the base
case model (1963 - 1983) and the base case extended 20 years into the future.
Thus, the total simulation period was 40 years (1963 - 2003), and the
sensitivity runs were performed for the case where no remedial actions were
simulated in the model (base case and no-action case).

The model parameters varied in the sensitivity analysis were hydraulic
conductivity, porosity, recharge, retardation, and dispersivity. A summary
of the sensitivity runs performed is shown in Table 8. For the most part the
sensitivity analysis consisted of doubling and halving each parameter while
holding all other parameters constant. A summary of the values of the base
case model parameters is shown in Table 5.

The results of all the sensitivity runs are shown in Tables 9 through
12. In all sensitivity runs, the mass of TCE entering the groundwater flow
system from the source areas was not changed (the infiltration at the sources
was the same as the base case). Table 9 summarizes the mass of TCE exiting
the system at each time step (5-year intervals) to Mill Creek and the
drainage ditch east of the site. In all cases, virtually all (97%) of the
TCE exiting the system goes to Mill Creek. Table 10 summarizes the total
mass of TCE remaining in the system at each time step. Table 11 reports the
model-predicted TCE concentrations for 1983 at the three source areas, the
model-predicted groundwater flux to Mill Creek aver the model region, and the
cencentration of TCE in Mill Creek based on the creek loadings predicted by
the model. Table 12 summarizes the percent changes of mass and concentration
of TCE based on 1983 results.
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TABLE 8. SUMMARY OF SENSITIVITY RUNS

Run
Number Parameter(s) Adjusted

1 For all layers, the K is reduced by 0.5.
Layers 1 and 2: Kh = 1.75 ft/day, Kv = 8.75 x 10-2 ft/day.
Layers 3 and 4: Kh = 25 ft/day, Kv = 2.5 ft/day.

2 For all layers, the K is doubled.
Layers 1 and 2: Kh = 7.0 ft/day, Kv = 0.35 ft/day.
Layers 3 and 4: K = 100.0 ft/day., Kv = 10.0 ft/day.

3 The K for all layers is reduced by one-tenth.
Layers 1 and 2: Kh = 0.35, Kv = 0.0175.
Layers 3 and 4: Kh = 5.0, Kv = 0.5.

4 The K for all layers is increased ten times.
Layers 1 and 2: Kh = 35, Kv = 1.75.
Layers 3 and 4: Kh = 500, Kv = 50.

5 .. The effective porosity is reduced by 0.5 for all layers; porosity :

7.5%.
6 The effective porosity is doubled for all layers; porosity = 30%.
7 The recharge is reduced to zero.
8 The recharge is increased to 16 in./yr.
9 The retardation is reduced to zero.
10 The retardation is increased to 8.
11 The dispersivity is reduced by a factor of 5: DL =5 ft, DT =
l ft‘
12 The dispersivity is increased by a factor of 5: D = 125 ft,
D, = L
13 The effective porosity is 30% for all layers and the retardation is2.

14 The effective porosity of Layers 1 and 2 is 45% and the porosity of
Layers 3 and 4 is 40%.

15 Fo;s;ayers 3 and 4: Kh = 25 ft/day, Kv = 2.5 ft/day; and porosity

16 Effective porosity = 25%. retardation = 8.0.

K = hydraulic conductivity
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TABLE 9. SUMMARY OF MASS OF TCE (LB) EXITING
THE SYSTEM FOR THE SENSITIVITY RUNS
Time Base

Step Year Case Runl Run 2 Run 3 Run 9 Run5 Run 6 Run?7 Run 8

1 1968 1,049 604 1,768 175 4,495 1,859 542 944 1,143

2 1973 2,906 1,823 4,514 632 8,160 4,706 1,655 2,645 3,131

3 1978 4,183 2,770 6,004 1,126 7,508 6,181 2,543 3,847 4,466

4 1983 5,195 3,506 6,836 1,513 7,879 6,949 3,238 4,824 5,491

5 1988 4,971 3,616 5,454 1,676 3,139 5,418 3,375 4,706 5,162

6 1993 3,708 3,045 3,048 1,513 244 2,897 2,877 3,636 3,723

7 1998 2,839 2,689 1,729 1,284 61 1,573 2,560 2,910 2,725

8 2003 2,000 2,419 814 1,130 15 707 2,336 2,192 1,780

Time Base

Step Year Case Run 9 Run 10 Run 11 Run 12 Run 13 Run 14 Run 15 Run 16
1 1968 1,049 3,003 542 1,386 810 1,049 350 969 310
2 1973 2,906 6,672 1,655 3,731 2,259 2,097 1,144 2,677 1,629
3 1978 4,183 7,380 2,542 5,003 3,455 4,183 1,857 3,783 1,691
4 1983 5,195 7,404 3,238 5,848 4,402 5,194 2,412 4,655 2,202
5 1988 4,971 4,759 3,375 5,245 4,281 4,971 2,602 4,453 2,373
6 1993 3,708 1,621 2,878 3,501 3,407 3,709 2,293 3,428 2,100
7 1998 2,839 720 2,560 2,681 2,596 2,839 2,059 2,893 1,869
8 2003 2,000 140 2,336 2,029 1,860 1,999 1,946 2,405 1,762
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TABLE 10. SUMMARY OF TOTAL MASS OF TCE (LB) IN THE GROUNDWATER
SYSTEM FOR THE SENSITIVITY RUNS

Time Base - '

Step Year Case Run 1 Run 2 Run 3 Run. 4 Run 5 Run 6 Run 7 Run 8
1 1968 6,552 6,997 5,833 7,426 3,108 5,742 7,059 6,657 6,458
2 1973 11,247 12,775 8,920 14,395 2,549 8,637 13,005 11,613 10,928
3 1978 14,665 17,606 10,517 20,870 2,642 10,057 18,063 15,367 14,063
4 1983 17,071 21,701 11,282 26,958 2,364 10,709 22,426 18,144 16,173
5 1988 13,075 19,070 6,803 26,057 0 6,266 20,026 14,413 11,986
6 1993 9,611 16,269 3,999 24,788 0 3,613 17,393 11,021 8,507
7 1998 6,833 13,641 2,331 23,565 0 2,101 14,894 8,172 5,843
8 2003 4,848 11,237 1,532 22,450 0 1,409 12,573 5,995 4,078

Time Base

Step Year Case Run 9 Run 10 Run 11 Run 12 Run 13 Run 14 Run 15 Run 16
1 1968 6,552 4,598 7,059 6,215 6,791 6,552 7,251 6,632 7,292
2 1973 11,247 5,527 13,005 10,085 12,133 11,246 13,708 11,556 13,864
3 1978 14,665 5,748 18,064 12,683 16,279 14,664 19,452 15,374 19,774
4 1983 17,071 5,945 22,427 14,436 19,478 17,071 24,641 18,320 25,173
5 1988 13,075 2,161 19,827 9,966 15,972 12,875 22,814 14,842 23,774
6 1993 9,611 784 17,193 6,709 12,809 9,410 20,765 11,658 21,918
7 1998 6,833 125 14,694 4,089 10,274 6,632 18,767 8,826 20,104
8 2003 4,848 0 12,373 2,075 8,429 4,648 16,836 6,436 18,354



TABLE 11. TCE CONCENTRATION (PPB) AT THE SOURCES IN 1983
FOR THE SENSITIVITY RUNS
Location Base Case Run 1 Run 2 Run 3 Run 4 Run 5

Reaction Pond I 212,000 315,000 121,000 441,000 21,000 218,000

Reaction Pond III 139,000 232,000 72,000 403,000 10,000 132,000

Well 21 557,000 700,000 368,000 822,000 80,000 620,000

Mill Creek 39 27 51 11 60 52

Groundwater Flux into

Mill Creek (cfs) 0.45 0.23 0.90 0.05 4,42 0.45
Location Base Case Run 6 Run 7 Run 8 Run 9 Run 10

Reaction Pond 1 212,000 184,000 207,000 213,000 207,000 184,000
ey
™~ Reaction Pond I11 139,000 133,000 161,000 120,000 117,000 133,000

Well 21 557,000 448,000 718,000 416,000 622,000 448,000

Mill Creek 39 24 36 41 56 24

Groundwater Flux into

Mill Creek (cfs) 0.45 0.45 0.44 0.46 0.45 0.45

Location Base Case Run 11 Run 12 Run 13 Run 14 Run 15 Run 16
Reaction Pond 1 212,000 485,000 53,000 212,000 160, 000 212,000 154,000
Reaction Pond 111 139,000 222,000 50,000 139,000 122,000 144,000 119,000
Well 21 557,000 911,000 207,000 557,000 373,000 538,000 354,000
Mill Creek 39 43 33 38 18 34 16
Groundwater Flux into

Mill Creek (cfs) 0.45 0.45 0.45 0.45 0.45 0.4?2 0.45



TABLE 12. PERCENT CHANGE OF MASS AND CONCENTRATION OF TCE
FOR THE SENSITIVITY RUNS BASED ON 1983 RESULTS

Mill

Run Mass Total Mass Reaction Reaction Well Mill Creek
No. Exiting in System Pond I Pond III 21 Creek Flux
1 -33 +27 +49 +67 +26 -31 -49

2 +32 -34 -43 -48 -34 +31 +100

3 -71 +58 +108 +190 +48 =72 -89

4 +52 -86 -90 -93 -86 +54 +882

5 +34 -38 +3 -5 +11 +33 0

6 -38 +31 +13 -4 -20 -38 0

7 -7 +6 -2 +16 +29 -8 -2

8 +6 -5 0 -13 -25 +5 +2

9 +43 -65 -2 -16 +12 +44 0

10 -38 +31 -13 -4 -20 -38 0
11 = +13 -15 +129 +60 +64 +10 0
12 -15 +14 -75 -64 -63 -15 0
13 0 0 0 0 0 0 0
14 -54 +44 -25 -12 -33 -54 0
15 -10 +7 0 +4 -3 -13 -7
16 -58 +47 -27 -14 -36 -58 0

+ = increase
- = decrease
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A discussion of the results shown in the tables and a summary of all the

sensitivity analysis model runs is presented below.

HYDRAULIC CONDUCTIVITY (RUNS 1 - 4)

Four sensitivity runs were made where the base case horizontal and
vertical hydraulic conductivities (K) were changed by factors of 0.1, 0.5,
2.0, and 10.0. Decreasing K decreased the groundwater flux through the
system which:

1) decreased the TCE mass loading to the creek and ditch;

2) increased the total mass of TCE in the system;

3) increased the concentration of TCE at the three source areas; and

4) decreased the groundwater flux to Mill Creek.

Increasing K increased the flux through the system which had the opposite
effect of decreasing K as discussed above.

Decreasing the K by factors of 2.0 and 10.0 increased the water table
elevation ‘over the model region by about 1.0 and 5.0 ft (0.3 and 1.5 m),
respectively. Increasing the K by a factor of 10.0 decreased the potentials
by about 0.5 ft (0.15 m), whereas increasing K by a factor of 2.0 only
slightly decreased the potentials.

POROSITY (RUNS 5 AND 6)

Two sensitivity runs were made where the base case effective porosity
was changed by factors of 0.5 and 2.0. DOecreasing the effective porosity
increased the groundwater velocity and decreased the amount of dilution. The
effect of this change was to:

1) increase the mass loading to the creek and ditch;

2) decrease the total mass in the system;

3) increase the concentration at 2 of the 3 source areas (Reaction Pond 7!
decreased slightly); and

4) maintain the same groundwater flux to the creek.

Increasing the porosity had the opposite effect of decreasing the porosity.

Changes in porosity had no impact on the groundwater potentials.
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DISPERSIVITY (RUNS 11 AND 12)

Two sensitivity runs were made where the base case longitudinal and
transverse dispersivity were changed by factors of 0.2 and 5.0. Decreasing
" the dispersivity:

1) increased the mass loading to the creek and ditch;

2) decreased the total mass in the system;

3) increased the concentration at the three source areas; and

4) did not impact the groundwater flux to the creek.

Increasing the dispersivity had the opposite effect of decreasing it.

Changes in dispersivity had no impact on the groundwater potentials.

COMBINATION RUNS (RUNS 13 - 16)

Four runs were made in which either two parameters were changed
simultaneously or a single parameter was varied between layers.

In Run 13 the effective porosity was doubled and the retardation factor
was halved. These parameters both impact the groundwater velocity and the
changes offset each other, therefore, the results are virtually identical to
the base-case results.

In Run 14 the effective porosity in the upper and lower units was
increased to 45% and 40%, respectively. The impact of this increase is
similar to the impact of increasing porosity as discussed above.

In Run 15 the hydraulic conductivity in the lower unit (model Layers 3
~and 4) was halved and the effective porosity in the lower unit was increased
to 25%. The impact of these changes was to:

1) decrease the mass loading to Mill Creek;

2) increase the total mass in the system; and

3) decrease the groundwater flux to Mill Creek.

The change in concentration and flux was small. The parameter changes made
only in Unit 2 (gravelly sand) changed the model results slightly (Table 12),
indicating that some contaminant is migrating through the lower unit of the
model to Mill Creek. '

In Run 16 the effective porosity in all layers was increased to 25% and
the retardation was increased to 8.0. This case was intended to better match
the parameters used by CH2M HILL in their feasibility study. The effect of
these changes was to: |
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1) decrease the mass loading to the creek and ditch;

2) increase the total mass in the system;

3) decrease the concentrations at the three source areas; and
4) maintain the base case flux rate to Mill Creek.

The groundwater potential surfaces were virtually unchanged by the
changes made in the combination runs.

SENSITIVITY ANALYSIS SUMMARY

Only three of the sensitivity runs showed significant changes in the
potential surfaces: those where the K was decreased by factors of 2.0 and
10.0, and where the recharge was doubled. The potential surfaces for the top
of Layer 1 for the case where K was decreased by a factor of 10.0 is shown in
Figure 19. The potential surface for the case where the K decreased a factor
of 2.0 and for the case where recharge was doubled are virtually the same and
are shown in Figure 20.

Changing the hydraulic conductivities changes the groundwater flux
through the system as well as the velocity, whereas changing the porosity or
retardation factor only impacts the velocity of the contaminant. Changing
recharge has a small impact on groundwater flux, whereas dispersivity has no
jmpact on flux. Therefore, the groundwater flux to Mill Creek is almost
completely controlled by the hydraulic conductivity. Since the base case
model accurately predicts the measured value of groundwater flux to Mill
Creek over the model region the hydraulic conductivity used in the model is
probably reasonable.

The mass of TCE exiting the system is about equally controlled by the
hydraulic conductivity, the porosity, and the retardation factor. If any one
of these parameters is changed by a factor of two, the results are altered by
a factor of about plus or minus 35%. This degree of sensitivity supports the
values currently used in the model.

Dispersivity has the greatest influence on concentration at the three
source areas. Dispersivity is also the parameter in which we have the least
confidence. The other parameter which influences the source concentrations,
is the hydraulic conductivity. Changes 1in porosity, retardation, and
recharge have little influence on the concentrations at the sources. Since
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dispersivity. is the primary factor controlling source concentration, and the
model-predicted concentrations match the measured values, the base case
dispersivity is probably reasonable.

The limited sensitivity analysis illustrated how every parameter has
some influence on the groundwater potential, the flow to Mill Creek, the TCE
flux to Mill Creek, and/or the total mass of TCE in the system. Changing any
of the parameters will affect the current calibration.
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SECTION 7
ASSESSMENT OF REMEDIAL ACTION ALTERNATIVES

Remedial action alternatives for the Western Processing Site have been
proposed by CH2M HILL and the PRPs for site restoration. The purpose of the
remedial action assessment performed in this study was to simulate these
proposed alternatives in the final calibrated model in order to evaluate and
compare their effectiveness.

The base case consisted of running the final calibrated model for 20
years, from 1963 through 1983. In order to simulate the remedial action
alternatives, certain model parameters were adjusted in 1983 and the model
was run for an additional 50 years to the year 2033. When the pump and treat
a]ternat{ve was simulated, water was withdrawn for the first 30 years (1983 -
2013) in the CH2M HILL cases and for the first 5 years (1983 - 1988) in the
PRPs cases. The model results during the prediction period were used to
determine which action would be most effective in reducing the level of
contamination at the site.

The following section describes the remedial action alternatives and how
they were simulated in the model, and provides the results of each
simulation. The alternatives are discussed in two sections. those proposed
by CH2M HILL and those derived from the alternative proposed by the PRPs. A
summary of the results is also provided in Section 2.

CH2M HILL PROPOSED REMEDIAL ACTIONS

CH2M HILL requested that three basic simulations be performed with the
model:
1) no-action;
2)  source removal combined with pump and treat; and
3) cap combined with pump and treat.
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The pump and treat cases were run with two different pumping rates. In order
to better understand the results, a simulation involving source removal only
was also performed. These three cases and variations are discussed below.

No Action (Extension of the Base Case)

The no-action simulation consisted of running the base case model (final
calibrated model presented earlier) 50 years into the future. The purpose of
this simulation was to determine the predicted extent of TCE contamination if
no remedial measures are implemented at the site. This simulation served as
a benchmark against which the CH2M HILL proposed remedial actions could be
compared.

The potential surfaces for the no-action case are the same as for the
base case (Figures 8 to 12). TCE concentration contours at the top .of Layer
1 in the years 1993, 2003, and 2033 (10, 20, and 50 years into the future)
are shown in Figures 21 through 23, respectively. The total mass of TCE in
the flow system, and the total mass of TCE discharging to Mill Creek and the
drainagevg§tch over 5 year intervals are shown in Table 13.

Table 13 shows that of the 31,699 1b (14,378 Kg) that entered the
groundwater flow system between 1963 and 2003, 15% and 4% remain in the
system in the years 2003, and 2033 (20 and 50 years in the future),
respectively. Of the 17,071 1b (7,743 Kg) remaining in the flow system in
1983, about 88% and 99% discharges to Mill Creek and the ditch by the years
2003 and 2033, respectively. As for the base case, about 97% of the TCE
exiting the system discharges to Mill Creek and the remaining 3% discharges
to the ditch.

Source Removal

The source removal action assumes that 6 ft (2 m) of unsaturated
material is excavated and removed from the site. The effect of this action
would be to remove the source of TCE that leaches from the unsaturated zone
into the saturated flow system,

Source remova’ was simulated in the model by eliminating further input
of TCE beyond 1983. Because Reaction Pond I 1is the only source that
contributes TCE to the system after 1983 (see Appendix A), source removal was
accomplished in the model by eliminating this source after 1983.
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TABLE 13. MODEL-PREDICTED DISTRIBUTION OF TCE FOR
THE CH2M HILL NO-ACTION SIMULATION
Time End TCE TCE Total TCE in

Step Year Inflow (Ib) Outflow (1b) System (1b)
1* 1968 7,601 1,049 6,552
2* 1973 7,601 2,906 11,247
3* 1978 7,601 4,183 14,665
4* 1983 7,601 5,195 ‘17,071
5 1988 975 4,971 13,075
6 1993 244 3,708 9.611
7 1998 61 2,839 6,833
8 2003 15 2,000 4,848
9 2008 0 1,288 3,560
10 2013 0 824 2,736
11 2018 0 531 2,205
12 2023 0 379 1,826
13 2028 0 290 1,536
14 2033 0 240 1,296

Total 31,699 30,403
*Base case

Inflow is mass entering the groundwater flow system and
outflow is the mass exiting the system.
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The groundwater potential surfaces for the source removal case are
identical to those for the base case (Figures 8 to 12) because the soil below
the water table was undisturbed. The source removal action removes so little
mass of TCE from the system, that the TCE concentration contour plots are
essentially the same as those for the no-action case (Figure 21 through 23).

The total mass of TCE in the flow system, and the total mass of TCE
discharging to Mill Creek and the ditch over five-year intervals are shown in
Table 14. The source removal action removes about 1,300 1b (588 Kg) of TCE
from the groundwater flow system. This action results in a slight reduction
in the mass of TCE remaining in the system and exiting to the creek and
ditch.

The source removal action is not effective in cleaning up the site
because most of the TCE has entered the saturated flow system by 1983.

Source Removal Combined with Pump and Treat (100 gpm)

This remedial action assumes that the entire site 1is excavated to a
depth of 6 ft (2 m) ({source removal) followed by the withdrawal of
contaminated groundwater (pump and treat).

The source removal portion of this alternative was simulated in the
model as discussed above. Pumping and treatment was simulated in the model
by withdrawing water from a system of 38 wells spaced across the area of the
site. Nodes of the finite element grid (Figure 6) were used to represent
wells, and the wells were situated in 3 rows running north - south along the
east, central, and west portions of the site. It was assumed that the wells
were drilled to a depth of 30 ft below the water table and that the total
withdrawal rate was 100 gpm (379 1/min) (2.6 gpm (10 1/min) from each well).
Pumping was simulated for the first 30 years of the 50 year prediction
period.

The potential surface for the top of Layer 1 for this case is shown in
Figure 24. The average drawdown over the site due to pumping was about 4 ft
(1.2 m).

The total mass of TCE in the flow system, and the total mass discharging
to Mill Creek and the pumping wells over 5-year intervals are shown in
Table 15. The model results show that 91% of the TCE is removed from the
flow system in the first 5 years, and that all the TCE is removed in 15
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TABLE 14. MODEL-PREDICTED DISTRIBUTION OF TCE FOR
THE CH2M HILL SOURCE REMOVAL ACTION

Time End TCE TCE Total TCE in
Step Year Inflow (1b) Outflow (1b)  System (1b)
1-4 (Same as for Base Case)
5 1988 0 4,929 12,141
6 1993 0 3,554 8,587
7 1998 0 2,587 6,000
8 2003 0 1,734 4,266
9 2008 0 1,054 3,212
10 2013 0 623 2,589
11 2018 0 355 2,234
12 2023 0 217 2,017
13 2028 0 135 1,882
4. 2033 0 99 © 1,783
Total (1983 - 2033) 0 15,287
Total (1963 - 2033) 28,620
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years. After 1983, 87% of the TCE exiting the system is removed by the
pumping wells; the remaining 13% discharges to Mill Creek and the ditch.

TABLE 15. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
CH2M HILL SOURCE REMOVAL COMBINED WITH
PUMP AND TREAT (100 GPM) REMEDIAL ACTION

Time End TCE . TCE Outflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System (1b)
1-4 (Same as Base Case)

5 1988 0 1,880 13,679 1,512

6 1993 0 254 663 593

7 1998 0 59 534 0

8 2003 0 0 0 0

14 2033 0 0 0 0
Total 0 2,193 14,876

Source Removal Combined with Pump and Treat (200 gpm)

This remedial action is similar to the previous action except that the
38 wells were pumped at a. total rate of 200 gpm (758 1/min) instead of
100 gpm (379 1/min).

The potential surface for the top of Layer 1 for this case is shown in
Figure 25. The average drawdown over the site due to pumping was about 8.5
ft (2.6 m).

The total mass of TCE in the flow system, and the total mass discharging
to Mill Creek and the pumping wells at 5-year intervals are shown in
Table 16. The model results show that all the TCE is removed from the system
in the first 5 years. After 1983, 97% of the TCE exiting the system is

removed by the pumping wells; the remaining 3% discharges to Mill Creek and
the ditch.

Cap Combined with Pump and Treat (100 qpm)

The capping action assumes that the site is covered with a low
permeability material in order to eliminate the infiltration of water through
the unsaturated zone and the resulting leaching of TCE into the saturated
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flow system. The capping action would be followed by the installation of
wells to pump and treat contaminated groundwater.

TABLE 16. MODEL-PREDICTED OISTRIBUTION OF TCE FOR THE
CH2M HILL SOURCE REMOVAL COMBINED WITH
PUMP AND TREAT (200 GPM) REMEDIAL ACTION

Time End TCE TCE Qutfliow (1b) Total TCE in
Step Year Inflow (I1b) Mill Creek Pumping Wells System (1b)
1-4 (Same as Base Case)

5 1988 0 545 16,526 0

6 1993 0 0 0 0

14 2033 o] _0 0 0
Total 0 545 16,526

The cap was simulated in the model by reducing the recharge rate over
the site~to 0.8 in./yr (2 cm/yr) or one-tenth the estimated annual average.
The pump and treat action was simulated as discussed in the previous case
where the pumping rate was 100 gpm (379 1/min).

The potential surface for the top of Layer 1 for this case is shown in
Figure 26. The average drawdown over the site due to pumping was about
4.5 ft (1.4 m).

The total mass of TCE in the flow system, the mass entering from the
unsaturated zone, and the mass discharging to Mill Creek and the pumping
wells at 5-year intervals are shown in Table 17. The model results show that
92% of the TCE is removed from the system in the first 5 years, and that all
of the TCE is removed in 15 years. 'After 1983, 88% of the TCE exiting the
system is removed by the pumping wells; the remaining 12% discharges to Mill
Creek and the ditch.

Cap Combined with Pump and Treat (200 gpm)

This remedial action is similar to the previous action except that the
38 wells were pumped at a total rate of 200 gpm (758 1/min) instead of
100 gpm (379 1/min).

The potential surface for the top of Layer 1 for this case is shown in
Figure 27. The average drawdown over the site due to pumping was about 9 ft

(2.7 m).
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TABLE 17. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
CH2M HILL CAP COMBINED WITH PUMP AND TREAT (100 GPM)
REMEDIAL ACTION

Time End TCE TCE Outflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System (1b)
1-4 (Same as Base Case)

5 1988 98 1,822 14,040 1,307

6 1993 25 220 528 584

7 1998 7 47 530 0

8 2003 0 0 0 0

14 2033 _0 __ 0 0 0
Total 130 2,089 15,105

The total mass of TCE in the flow system, the mass entering from the
unsaturated zone, the mass discharging to Mill Creek, and the mass removed by
pumping wells at 5-year intervals are shown in Table 18. The model results
show that virtually all of the TCE is removed from the system in the first 5
years. The only TCE remaining in the system after 5 years is the small
amount that enters from the unsaturated zone. After 1983, 97% of the TCEt
exiting the system is removed by the pumping wells; the remaining 3%
discharges to Mill Creek and the ditch.

TABLE 18. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
CH2M HILL CAP COMBINED WITH PUMP AND TREAT (200 GPM)
REMEDIAL ACTION

Time End TCE TCE OQutflow (1b) Total TCE in
Step  Year Inflow (Ib) Mill Creek Pumping Wells System (1b)
1-4 (Same as Base Case)

5 1988 97 519 16,649 0

6 1993 25 0 25 0

7 1998 0 0 0 0

14 2033 _0 _0 0
Total 0 519 16,674 0
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PRPS PROPOSED REMEDIAL ACTION

The PRPs proposed remedial action is discussed in detail in the report
by Landau Associates and Dames and Moore (1984). In summary, they proposed a
combination of source removal, a slurry wall around the site, and pumping and
treatment. In order to more thoroughly analyze their proposal in the model,
a series of six model runs were performed.

The first model run was a no-action simulation to provide a benchmark
against which the remedial action runs could be compared. The second model
run simulated a slurry wall combined with source removal. The third and
fourth model runs simulated the combination of slurry wall, source removal,
and pump and treat, at total pumping rates of 100 and 200 gpm (379 and
758 1/min). To evaluate the effectiveness of the slurry wall, the fifth and
sixth model runs were similar to the third and fourth runs except that the
slurry wall was removed.

No Action (Extension of the Base Case)

The ‘bRPs no-action simulation is basically the same as the no-action
case for the CH2M HILL simulations, except that the finite element grid was
modified for the PRPs simulations to contain elements which represent the
slurry wall. In the no-action case the slurry wall elements were assigned
the same permeability as surrounding elements. For cases involving the
slurry wall, these elements were assigned a permeability of 2.8 x 10'4 ft/day
(10'7 cm/sec). The purpose of this simulation was to verify that the same
model solution was achieved for the finite element grid with the normal
permeability slurry wall elements as for the grid without the slurry wall
elements.

The potential surfaces for the PRPs no-action case are the same as for
the original base case (Figures 8 to 12). The TCE concentration contours are
nearly identical to those for the CH2M HILL no-action case (Figures 21
through 23).

The total mass of TCE in the flow system, the mass entering the system,
and the mass discharging to Mill Creek and the ditch over S5-year intervals
are shown in Table 19. The numbers in this table are different than those in
Table 13 (CH2M HILL no-action case) because the areas of the Reaction Pond
IIT and Well 21 sources are slightly smaller (the slurry wall elements
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TABLE 19. MODEL-PREDICTED DISTRIBUTION OF TCE FOR
THE PRPS NO-ACTION SIMULATION

Time End TCE TCE Total TCE in
Step  Year Inflow (1b} Outflow (1b) System (1b)

1* 1968 7,034 919 6,115

2* 1973 7,034 2,612 10,537

3* 1978 7,034 3,815 13,756

4* 1983 7,034 4,757 16,033

5 1988 975 4,619 12,389

6 1993 244 3,497 9,136

7 1998 61 2,688 6,509

8 2003 15 1,909 4,615

9 2008 0 1,231 3,384

10 2013 0 788 2,596

e 11 2018 0 505 2,091

12 2023 0 358 1,733

13 2028 0 270 1,463

14 2033 0 223 1,240

Total 29,431 28,191

*Base case.



removed a 3 ft (1 m) strip along western edge). After the first four time
steps, when sources around Reaction Pond III and Well 21 are no longer
active, the amount of TCE entering the system from Reaction Pond I fis
identical to the base case, thus, it appears that adding the extra elements
does not change the model results significantly. As a result, all PRPs cases
were simulated with the slightly reduced area of the source around Reaction
Pond III and Well 21.

The results of the PRPs no-action run served as a benchmark against
which the PRPs remedial action simulations could be compared. The results
showed that 28,136 1b (12,730 Kg) of TCE entered the groundwater flow system
between 1963 and 1983, and that an additional 1,295 1b (586 Kg) leached in
from the unsaturated zone over the next 20 years. By 1983, 12,103 1b
(5,476 Kg) were discharged to either Mill Creek (97%) or the ditch (3%), and
16,033 1b (7,254 Kg) remained in the system,

Source Removal and Slurry Wall

This model run simulated a combined source removal and slurry wall
remedial action. The source removal action assumes that the unsaturated
material contaminated with TCE is excavated and removed from the site. This
action was simulated in the model by eliminating all input of TCE to the
groundwater flow system after 1983.

The slurry wall was simulated in the model as a series of 3 ft (1 m)
wide elements around the perimeter of the site (Figure 4). The slurry wall
elements were assigned a permeability of 2.8 x 1074 ft/day (10’7 cm/sec) and
the wall extended to a depth of 50 ft below the surface (40 ft below the
water table). The intent of the wall was to contain the contamination on
site, reduce the lateral flow to the wells, and increase upward vertical
flow.

The potential surfaces for this case are essentially the same as those
for the base case (Figure 8 - 12). The potential on site averages about
0.6 ft (0.2 m) higher than the base case potential due to the impact of the
slurry wall,

The distribution of TCE in the flow system at 5-year intervals is shown
in Table 20. Comparing these results to the results for the no-action case
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TABLE 20. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE PRPS
SOURCE REMOVAL WITH A SLURRY WALL REMEDIAL ACTION
Time End TCE TCE Total TCE in
Step Year Inflow (1b)  Outflow (1b) System (1b)_
1 -4 (Same as for Base Case)
5 1988 0 3,645 12,388
6 1993 0 2,513 9,875
7 1998 0 2,232 7,643
8 2003 0 1,712 5,931
9 2008 0 1,265 4,666
10 2013 0 864 3,802
11 2018 0 608 3,194
12 2023 0 457 2,737
13 2028 0 368 2,369
14 2033 Q 309 2,060
Total 0 13,973
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shows that the slurry wall prevents the TCE from migrating off site, thereby
increasing the mass of TCE on site and reducing the TCE Tloading to Mill
Creek. A1l TCE exiting the system either goes to Mill Creek.(97%) or the

ditch (3%).
Source Removal, Slurry Wall, Pump and Treat (100 gpm)

This model run simulated the remedial action proposed by the PRPs. It
consisted of a combination of source removal, pump and treat at 100 gpm
(379 1/min), and a slurry wall around the perimeter of the site.

The source removal and slurry wall actions were simulated in the same
manner as discussed in the previous case. As stated earlier, for this
remedial action involving pumping from shallow wells, the purpose of the
slurry wall was not only to contain the contamination, but to reduce the
lateral flow of water from off site to the wells, and induce upward flow
through the highly contaminated near-surface materials on site. Pump and
treat wagmsimu1ated in the same manner as in the CH2M HILL cases. Water was
withdrawn from a network of 38 wells evenly distributed over the site. The
wells were drilled to 30 ft (9 m) below the water table and the total
withdrawal rate from all wells was 100 gpm (379 1/min). The major difference
between the CH2M HILL and PRPs cases is that in the PRPs cases, pumping was
simulated for the first 5 years of the 50-year simulation period instead of
for the first 30 years as in the CH2M HILL simulations.

The potential surface for the top of Layer 1 for this case is shown in
Figure 28. The average drawdown over the site due to pumping is about 6 ft
(1.8 m).

The distribution of TCE in the flow system for this case 1is shown in
Table 21. The results show that 84% of the TCE presently in the flow system
(1983) will be removed after 5 years of pumping. All of the TCE is removed
from the system in 15 years (after the first 5 years it discharges to Mill
Creek because pumping is stopped). Of the TCE exiting the system in the
first 5 years, 84% is withdrawn by the pumping wells, and the remaining 16%
goes to Mill Creek or the ditch.
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TABLE 21. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
PRPS SOURCE REMOVAL, SLURRY WALL, AND
PUMP AND TREAT (100 GPM) REMEDIAL ACTION

Time End TCE TCE Outflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System (1b)
1-4 (Same as Base Case)

5 1988 0 2,153 11,303 2,577

6 1993 0 1,508 0 1,069

7 1998 0 1,069 0 0

8 2003 0 -0 0 0

14 2033 o] ___ 0 0 0
Total 0 4,730 11,303

Source Removal, Slurry Wall, Pump and Treat (200 gpm)

This remedial action is similar to the previous action except that the
38 wells were pumped at a total rate of 200 gpm (758 1/min) instead of 100
gpm (379 1/min). The 200 gpm pumping rate is twice the rate proposed by the
PRPs.

The potential surface for the top of Layer 1 for this case is shown in
Figure 29. The average drawdown over the site due to pumping is about 12 ft
(3.6 m).

The distribution of TCE in the flow system for this case is shown in
Table 22. The results show that all of the TCE exits the flow system in the
first 5 years. Of the total leaving the system, 97% is withdrawn by the
pumping wells and 3% discharges to the creek or ditch.

Source Removal, Pump and Treat (100 gpm), No Slurry Wall

In order to evaluate the benefit of a slurry wall, this case simulated
source removal and pump and treat (total of 100 gpm) without the slurry wall.
A1l parameters were identical to the previous case which simulated the PR"s
proposed remedial action, except that this case did not include the slurry
wall.
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TABLE 22. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
PRPS SOURCE REMOVAL, SLURRY WALL, AND
PUMP AND TREAT (200 GPM) REMEDIAL ACTION

Time End TCE TCE Qutflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System (1b)
1-4 " (Same as Base Case)
5 1988 0 481 15,552 0
1993 0 0 0
14 2033 o] _0 0 0
Total 0 481 15,552

The potential surface for the top of Layer 1 for this case is shown in
Figure 30. The average drawdown over the site due to pumping was about 4 ft
(1.2 m). The drawdown was greater in the case with the slurry wall (6 ft)
because the wall cut off much of the lateral flow.

The-distribution of TCE in the flow system for this case is shown in
Table 23. The results show that 92% of the TCE in the system in 1983 will be
removed after 5 years of pumping and all the TCE exits the system after 20
years (after the first 5 years it goes to Mill Creek because the pumps are
turned off). Of the TCE exiting the system in the first 5 years, 89% is
withdrawn by the pumping wells and the remaining 11% discharged to Mill Creek
or the ditch.

TABLE 23. MODEL-PREDICTED DISTRIBUTION OF TCE FOR THE
PRPS SOURCE REMOVAL AND PUMP AND TREAT (100 GPM)
REMEDIAL ACTION (NO SLURRY WALL)

Time End TCE TCE OQutflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System (1b)
1-24 (Same as Base Case)

5 1988 0 1,623 13,134 1,276

6 1993 0 431 0 845

7 1998 0 569 0 276

8 2003 0 276 0 0

14 2033 ] __ 0 0 0
Total 0 2,899 13,134
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Source Removal, Pump and Treat (200 gpm), No Slurry Wall

A simulation wasﬁmade with source removal and pump and treat (total of
200 gpm) without the slurry wall. All model parameters were jdentical to the
PRPs proposed remedial action with the 200 gpm pumping rate except that the
slurry wall was eliminated.

The potential surface for the top of Layer 1 for this case is shown in
Figure 31. The average drawdown over the site due to pumping was about 8.5
ft (2.4 m). The drawdown was greater in the case with the slurry wall (12
ft) because the wall cut off much of the lateral flow.

The distribution of TCE in the flow system for this case is shown in
Table 24. The results show that all the TCE exits the flow system in the
first 5 years. Of the total exiting the system, 97% is withdrawn by the
pumping wells and 3% discharges to Mill Creek or the ditch.

__TABLE 24. MODEL-PREDICTED ODISTRIBUTION OF TCE FOR THE
a PRPS SOURCE REMOVAL AND PUMP AND TREAT (200 GPM)
REMEDIAL ACTION (NO SLURRY WALL)

Time End TCE TCE Outflow (1b) Total TCE in
Step Year Inflow (1b) Mill Creek Pumping Wells System {1b)
l1-4 (Same as Base Case)

5 1988 0 481 15,552 0

6 1993 0 0 0 0

14 2033 Q _0 0 0
Total 0 481 15,552
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SECTION 8

SUMMARY

A summary of the base case and .remedial action simulation results is
discussed in this section.

BASE CASE

TCE was introduced to the groundwater flow system in- the model over a
period of 20 years (1963 - 1983) at three source locations: 1) Reaction
Pond I; 2) Reaction Pond III; and 3) around Well 21. Over this 20 year
period the model predicted that 30,400 1b (13,789 Kg) of TCE was spilled at
the site. Over thée same period, about 13,300 1b (6,033 Kg) discharged to
Mill Creek or the railroad drainage ditch, with 17,100 1b (7,756 Kg)
remaining in the flow system -in 1983. This number compares well with the
estimated mass of TCE in the flow system of 18,000 1b (8,165 Kg) calculated
independently by CH2M HILL (1985) and Landau Associates and Dames and Moore
(1984) based on the 1982 through 1984 chemistry data for the site. Of the
30,400 1b (13,789 Kg) of TCE that was spilled at the site, the model
indicated that 13%, 37%, and 50% originated in the area of Reaction Pond I,
Reaction Pond III, and Well 21, respectively.

A summary of the results for both the CH2M HILL and PRPs remedial action
simulations is shown in Table 1 (Section 2). A comparison of the total mass
of TCE remaining in the groundwater flow system for the CH2M HILL and PRPs
remedial action cases is shown in Figure la and 1b, respectively (Section 2).

For both the CH2M HILL and the PRPs simulations, the base and no-action
case results in Figures la and 1b are essentially the same. The results
would be identical except that the slurry wall elements in the PRPs cases
reduced the size of the Reaction Pond IIl and Well 21 source areas in the
model, thereby slightly reducing the mass loading of TCE at these areas.

75



The model results show that Mill Creek has been and will continue to be,
if no remedial actions are taken, the primary discharge point for TCE
migrating from the Western Processing Site. 1In the base case (1963 - 1983)
and the no-action case (1983 - 2033), about 97% of the TCE exiting the system
discharges to Mill Creek, and the remaining 3% discharges to the drainage
ditch along the eastern boundary of the site. According to the model, no TCE
enters the regional groundwater flow system which flows toward the Green
River; all the TCE remains in the local flow system controlled by Mill Creek
and the drainage ditch. By-1983, a little less than half (44%) of the TCE
that was estimated to have entered the flow system during site operation had
exited to Mill Creek and the ditch. For the no-action simulation, the model
predicted that 89% and 96% of the total mass of TCE that entered the system
discharged to Mill Creek or the ditch by the years 2008 and 2033 (25 and 50
years into the future), respectively.

REMEDIAL ACTIONS

Two Sets of remedial action runs were simulated with the model: those
based on the remedial actions proposed by CH2M HILL; and those based on the
remedial actions proposed by the PRPs. The model runs based on the CH2M HILL
proposed actions were:

1) no-action (extend the base case into the future);

2) source removal;
3) source removal and pump and treat (100 gpm);
4) source removal and pump and treat (200 gpm);
5) cap and pump and treat (100 gpm); and
6) cap and pump and treat (200 gpm).
The model runs based on the PRPs proposed actions were:
1)  no-action;
2) source removal combined with a slurry wall;
3) source removal, slurry wall, and pump and treat (100 gpm);
4)  source removal, slurry wall, and pump and treat (200 gpm);
5) source removal and pump and treat (100 gpm) (no slurry wall); and
6) source removal and pump and treat (200 gpm) (no slurry wall).
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The no-action simulations consisted of running the base case (1963 -
1983) 50 years into the future in order to provide a benchmark against which
remedial action cases could be compared.

The source removal action (excavation of contaminated unsaturated soils)
alone is ineffective in cleaning up the TCE on site because apparently very
little TCE remains in the unsaturated soils. According to the calculations
shown in Appendix A, only about 1,300 1b (590 Kg) of TCE currently exists in
the unsaturated zone on site. Of this total, 99% 1is present in the
unsaturated soils in the area around Reaction Pond I. Most 1likely, the
source removal action would be effective for constituents with high affinity
for adsorption such as metals and other highly sorbed contaminants.
Therefore, this action should not be construed to be universally ineffective
at the Western Processing Site based on the predictions for TCE.

In the CH2M HILL cases, the source removal and capping actions combined
with pumping and treatment achieved about the same results; the action
involving..source removal is slightly more effective in reducing the TCE mass
loading to Mill Creek, but a slightly greater contaminant mass remains in the
system than for the action involving capping. These results are similar
because both actions essentially eliminate the leaching of TCE from the
unsaturated zone to the saturated groundwater system. The cap eliminates
only about 5 gpm (19 1/min) of recharge over the site, a small number
compared to the 100 gpm and 200 gpm (379 and 758 1/min) pumping rates.

In the PRPs cases, the remedial actions without the slurry wall were
more effective in reducing the total mass of TCE in the system and the mass
of TCE exiting to Mill Creek and the ditch, than the cases with the slurry
wall. The reason for this is that the slurry wall prevented the pumping
wells from removing contamination which is outside the slurry wall. The
slurry wall is effective in reducing the lateral flow of water from the creek
to the puming wells, and thereby reducing the total quantity of water that
requires treatment. Also, the slurry wall is effective in containing
contamination once the pumping ceases. The slurry wall would be more
effective if a cap were also installed over the site to reduce the amount of
recharge. The cap would reduce the leaching and transport of contaminants
through the system and under the wall. Even without the cap, however, the
rate of migration of contamination'through the site and under the wall could
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be low enough that the concentrations would be diluted to acceptable levels
in the groundwater flow system.

In all cases involving pumping, withdrawal of water at the 200  gpm
(758 1/min) rate removed all the TCE from the system in the first S'years.
About 97% of the TCE was removed by the pumping wells with the remainder
discharging to Mill Creek (and a trace to the drainage ditch). :

In the CH2M HILL cases and the PRPs case with the slurry wall, pumping
at the 100 gpm (379 1/min) rate removed all the TCE in the first 15 years.
In all three cases, most of the TCE (about 90%) exits the sytem in the first
5 years. Over the 15-year period, between 85% and 90% of the TCE 1is removed
by the pumping wells for the CHZM HILL cases. In the CH2M HILL cases,
pumping was simulated for the first 30 years (1983 - 2013), whereas in the
PRPs cases, pumping was simulated for Jjust the first 5 years (1983 - 1988).
Therefore, in the PRPs cases, all TCE exiting the system after the first 5
years discharges to Mill Creek or the ditch.

In the PRPs case of source removal and pump and treat at 100 gpm without
the slur;§'wa11, 20 years were required for all the TCE to exit the system.
Ninty-two percent of the TCE exited the system during the first 5 years of
pumping. Of this amount, 89% was removed by the pumping wells, and the
remainder discharged to Mill Creek and the ditch. After the pumping ceased
an additional 15 years was required for the TCE to discharge to Mill Creek or
the ditch.

The drawdown over the site for all cases involving pumping ranged
between 4 and 12 ft (1.2 and 4.6 m). The 100 gpm (379 1/min) pumping rate
resulted in average drawdowns between 4 and 6 ft (1.2 and 1.8 m) whereas the
200 gpm (758 1/min) pumping rate resulted in average drawdowns between 8 and
12 ft (2.4 and 3.7 m). For the same pumping rate, the cases with the slurry
wall had about 2 to 3 ft (0.6 to 0.9 m) more drawdown because the wall
eliminated lateral flow to the wells.

In summary, to a large degree the CH2M HILL and PRPs remedial action
cases performed about equally. As expected, the modeling results indicated
that the 200 gpm (758 1/min) pumping rate performed better than the 100 gpm
(379 1/min) rate. These data and other differences which are discernable in
the model results should be considered in the selection of the remedial
action alternative to be implemented at the site.
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APPENDIX A
CALCULATION OF LEACH DURATION AND AMOUNT FROM SOURCE AREAS

Three sources of TCE have been identified at the Western Processing
Site, based on the concentration levels measured in the soil and water.
These three sources are: 1) Reaction Pond I; 2) Reaction Pond III; and 3)
around Well 21. Calculations were made to estimate the mass of TCE present
in the unsaturated zone (both in soil and water) of these three locations
based on 1982 soil concentration measurements (EPA, 1983 and 1984). These
mass estimates were then used to estimate the time required for TCE to
completely leach the unsaturated zone into the saturated zone. Time of leach
calculations were based on the average annual recharge at the site (8
in./yr). The results of these calculations were used to determine the number
of years past 1982 to keep the sources active in the model, and to estimate
‘the source strength for each time step simulated.

SOURCE AREA DATA

The data used to estimate the mass of TCE in the unsaturated zone of
each source area are summarized below.

Reaction Pond I

The total volume of contaminated unsaturated soil at Reaction Pond I was
estimated to be 46,250 ft3. This number is based on a surface area of
9,250 ftz and an average depth of unsaturated contaminated soil of 5 ft. The
surface area is the actual area associated with Reaction Pond I. The average
depth of contaminated soil was estimated from the soil sampling depths and
concentrations reported in Table A-1. The TCE concentration in the soil was
estimated to be 600,000 ppb based on the measured soil concentrations from
the borings at Wells 15 and 17 (Table A-1). In order to represent a worst
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case, the concentration was assumed to be the maximum observed Ssoil
concentration and to be uniform over the area of the disposal site.

Table A-1. TCE Soil Concentrations Near Reaction Pond I

Soil Concentration (ppb)

Depth (ft) Well 15  Well 17

3 U U
6 580,000 558,000
9 180,000 350,000

U = Not Detected

Reaction Pond III

The total volume of contaminated, unsaturated soil at Reaction Pond III
was estimated to be 35,650 ft3. This number is based on a surface area of
7,125 £t2 and an average depth of contaminated soil of 5 ft. The surface
area 1is “the actual area of Reaction Pond III. The average depth of
contaminated soil was estimated from the soil sampling depths and
concentrations reported in Table A-2. The TCE concentration in the soil was
estimated to be 700 ppb based on the measured soil concentrations from
Well 20 (Table A-2). In order to represent a worst case, the concentration
was assumed to be the maximum observed soil concentration and was assumed to

be uniform over the area of the disposal site.

Table A-2. TCE Soil Concentrations Near Reaction Pond III

Soil Concentration (ppb)

Depth (ft) Well 20
3 U
M
676
12 544

Not Detected
Present but below minimum gquantifiable limit.

=z C
1]
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Area Around Well 21

The total volume of contaminated unsaturated soil in the area around
Well 21 was difficult to estimate because the area of disposal is not known.
Therefore, the volume was assumed to be the same as that of Reaction Pond
I1I, 35,650 £t3. The TCE concentration in the soil was estimated to be 1,600
ppb based on the measured soil concentration from Well 21 (Table A-3).

Table A-3. TCE Soil Concentrations in Well 21

Soil Concentration (ppb)

Depth (ft) Well 21
3 U
u

116

12 1,520

U = Not Qgtected

CALCULATION OF SOURCE AREA MASS

The calculations of mass in the unsaturated zone for each of the three
source locations are presented below.

For all source areas, the actual and effective porosities of the
unsaturated material were assumed to be 0.25 and 0.15, respectively. The
distribution coefficient (Kd) of TCE in the unsaturated soils was set at 0.2
at all source locations.

The equation used to calculate the mass of TCE at each source location

is:
Massyop = fmass in soil} + {mass in water}

= (C Vol ) () + (8)(C,)(Vol ) () (A-1)
where

MassTCE = total mass of TCE in the soil (1b)

© = actual porosity

83



@ = moisture content-

C_. = TCE concentration (ppb) in the soil

3
vo1S = total volume of unsaturated soil (ft3)
Y, = density of the soil (1b/ft3)

C, = TCE concentration (ppb) in the water {Cw = K% (Cs)}

density of the water (1b/ft3)
distribution coefficient

)
"

Kd

The density of the soil was calculated as:

i

Yo = (1 - 8)(y) = 121.5 1b/ft>

where:

s =”actua1 porosity (0.25)
Y = dry density of sand (162 Tb/ft3)

The TCE soil concentrations were based on measured soil concentrations
in the unsaturated zone at wells around the source areas. The TCE water
concentrations were estimated to be five times greater than the soil
concentrations based on a distribution coefficient (Kd) of 0.2. The ppb
notation is equivalent to 1b per 109 1b in the total mass calculation.

Reaction Pond I

Based on the data in Table A-4, the total mass of TCE in the unsaturated
zone at Reaction Pond I was calculated to be 4,670 1b. The total mass in the
soil and water was cdlculated to be 3,370 1b and 1,300 1b, respectively.
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Table A-4. Summary of Data Used to Make Total Mass Calculations
at all Three Source Locations

Reaction Pond I Reaction Pond III Well 21

0 0.15 0.15 0.15
& 0.25 0.25 0.25
C (ppb) 600,000 700 1,600
C,, (ppb) 3,000,000 3,500 8,000
Vol (ft°) 46,250 35,650 35,650
Yo (1b/t3) 121.5 121.5 121.5
¥, (1/ft3) 62.4 62.4 62.4
Kd 0.2 0.2 0.2

Reaction Pond III

Based on the data in Table A-4, the total mass of TCE in the unsaturated
zone at Reaction Pond III was calculated to be 4.2 1b. The total mass of TCE
in the soil and water were calculated to be 3.0 1b and 1.2 1b, respectively.

Around Well 21

Based on the data in Table A-4, the total mass of TCE in the unsaturated
zone around Well 21 was calculated to be 9.6 1b. The total mass in the soil
and water were calculated to be 6.9 1b and 2.7 1b, respectively.

The estimated total mass of TCE present in the unsaturated zone (based
on October, 1982, soil analyses) at the three suspected source areas is

summarized in Table A-5.

Table A-5. Summary of Estimated Total Mass of TCE Present
at the Three Suspected Source Areas

Mass of TCE (1b)
In Soil In Water Total

Reaction Pond I 3,370 1,300 4,670
Reaction Pond 111 3.0 1.2 4.2
Around Well 21 6.9 2.7 9.6
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DURATION AND AMOUNT OF LEACHING FROM SOURCE LOCATIONS

The preceding calculations show that Reaction Pond I is the only source
Jocation which contains a significant quantity of TCE 1in the unsaturated
zone. Calculations of the time required for TCE to leach out of the
unsaturated zone (duration), and of the amount that would leach out each
year, were made for Reaction Pond I. This information was used in the
modeling to determine the length of time into the future that Reaction Pond I
would remain active, and the quantity of TCE that would leach from the
unsaturated to the saturated zone at each time step.

Reaction Pond I

The calculations were based on the concentration of TCE in the water of
the unsaturated zone and the rate of water movement through the unsaturated
zone from annual recharge. Equation A-1 can be used to calculate the TCE
concentration in the water (Cw) based on the total mass of TCE remaining in
the systgghat any given point in time. For convenience, the equation can be

rewritten as follows:

¢ MaSSTCE
¥ Vol  (Kd vy + ©,) (A-2)

The Kd in equation A-2 is equivalent to C./C.
The volume of water (Vo1w) moving through the unsaturated zone from the
average annual recharge was calculated as follows:

Vol = Rhg x A = 6,167 ft/yr
where
Rhg = average annual recharge (0.67 ft/yr)
A = area of Reaction Pond I (9,250 ft2)

This number was used to calculate the mass of water (Massw) passing through
the unsaturated system, as follows:
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Mass, = Vol, x ¥, = 384,800 Tb/yr Y

The initial mass of TCE in the system was 4,670 1b. For each year a
mass of TCE removed from the system was calculated as C, times Mass, - A new
mass of TCE in the system was calculated as the previous mass minus the mass
removed, and the procedure was repeated. This iterative process continued
until virtually all of the TCE was leached from the system. The results of
this calculation are shown in Table A-6.

Table A-6. Time and Amount of TCE Leaching from the
Unsaturated Zone at Reaction Pond I

Mass TCE (1b) Mass TCE (1b)
Year Remaining Total! Removed Year Remaining Total Removed
1 4,670 1,154 11 273 4,464
2 3,516 2,023 12 206 4,515
3. 2,647 2,678 13 155 4,554
4 1,992 3,178 14 116 4,582
5 1,500 3,541 15 88 4,604
6 1,129 3,820 16 66 4,620
7 850 4,030 17 50 4,632
8 640 4,188 18 38 4,641
9 482 4,307 19 29 4,648
10 363 4,397 20 22 4,653

Table A-6 shows that virtually all of the TCE in the unsaturated zone
above Reaction Pond I is leached into the saturated zone in 20 yr. Over each
S-year period (the time step used in the model) about 75% of the mass of TCE
remaining is flushed from the system. Based on these calculations, the
Reaction Pond I source was allowed to leach for 20 years into the future in
the model, and the source strength was reduced by 75% at every time step.

Reaction Pond III and Area Around Well 21

The total mass of TCE in the unsaturated zone above Reaction Pond III
and in the area around Well 21 was so small that it was not necessary to make
calculations of the leach duration and amount. As a result, these sources
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were allowed to leach up to the present, and then turned off for all model
predictions into the future.
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APPENDIX B
RECHARGE CALCULATIONS

Recharge due to precipitation was calculated using the water balance

formula:
Recharge = Precipitation - Actual Evaporation - Runoff (B-1)

Average annual precipitation and actual evapotranspiration for the study area
are about 39 in./yr (99 cm/yr) and 18 in./yr (46 cm/yr), respectively (NOAA,
1974). Runoff was calculated using a method developed by the U.S. Soil
Conservation Service and modified by Dunne and Leopold (1978). The technique
is based on a simplified infiltration model of runoff, daily precipitation
events, and empirical approximations which consider such factors as soil
type, land use, vegetative cover, and storm separation interval to determine
the antecedent soil moisture conditions.

A program developed at Battelle and based on the Soil Conservation
Service method was used to calculate runoff for the Western Processing study
area. The calculations were made using daily precipitation data for 1982 and
1983. The output from the program is a list of runoff estimates for a range
of runoff curve numbers. A runoff curve number of 70 was selected for the
study area based on the soil type (Group B), land use (residential area with
one acre lots), and total impervious area (20%) (Dunne and Leopold, 1978).
The curve number 70 corresponds to curve number 85 if normally wet antecedent
moisture conditions prevail, as might be expected for the area around Kent.

The results of the model for the two runoff curve numbers at several
storm separation intervals for the year 1982 and 1983 are shown in Table B-1.
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TABLE B-1. RUNOFF PROGRAM RESULTS

Storm Separation Runoff (in./yr)
Interval 1982 _ 1983
(days) CN 70 CN 85 CN 70 CN 85
0 0.3 2.5 0.3 2.9
1 6.8 14.8 7.6 17.3
2 7.9 16.9 16.0 25.1
3 11.4 20.5 19.2 28.1

CN = Curve Number

Using equation B-1, storm separation intervals of 0, 1, 2, and 3 days,
and averaging the runoff over two years yields estimated recharges of about 5
in./yr (13 cm/yr) and 12 in./yr (30 cm/yr) for runoff curve numbers 70 and
85, respectively. The curve number that applies to the area around Kent is
probably between 70 and 85. Therefore, the actual recharge was estimated to
be about 8 in./yr (20 cm/yr).

In the final calibrated model a recharge value of 8 in./yr (20 cm/yr)
was applied uniformly over the local model region except for paved areas on
the Western Processing Site (Elements 128, 129, 130, 143, 144, 145, 146, 152,
153,.154, 163, 164, and 175) where the recharge was set to 0 in;/yr.
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APPENDIX C
STREAM AND LEAKANCE EOUNDARY CONDITIONS

The boundary conditions in the FE3DGW. model were defined using the
stream boundary options to describe flux to Mill Creek and the ditch, and the
leakance boundary option to describe flux across the perimeter boundaries.
This appendix provides a more detailed discussion of the data used in the
model to implement these options.

STREAM BOUNDARY OPTION

Surface water bodies are often expressions of the water table. This
phenomenon is often treated in a groundwater model by holding the groundwafer
elevation at the level of the surface water. The stream option in the FE30GW
code allows the potential to fluctuate above or below a stream, and
calculates a flux (to or from the stream) based on the potential difference
between the elevation of the stream and that of the groundwater. The data
required by the model to make this calculation are the stream surface
elevation; the stream bottom elevation, cross-sectional area, thickness, and
permeability; and minimum stream depth. These data were entered into the
~'model for each node along Mill Creek and the drainage ditch. The model
calculates the flux to (gaining) or from (losing) each node using Darcy's
Law. The data used to implement the stream option in the final calibrated
model for Mill Creek and the ditch east of the site are provided in
Tables C-1 and C-2, respectively.

The surface water elevation at nodes along Mill Creek and the ditch were
interpolated and extrapolated from measurements at five locations along the
creek and two along the ditch (Figure 7). The measurements were made on
April 10, 1984 by EPA Region X.
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TARLE C-1. Stream Boundary Option Data Used to Simulate Flux to Mill Creek

NODE CREFX CREER CREEK ~evewemmenes CREEK BOTTOM ®eesecwwsee=s= MIN CREEK
NUMBER Flevarting LEHGTH wlDTH ELEVATION THICKNESS PERMEARTILITY DEPTH
5 D U G R U T W N R S G AW e LA TR REEEREEY EE LY L F Y PRepayey Ty _Fepr prpsppepepeprpp Y Y FYY Y L L L Y e § ¥ X ¥ J

2 11,86 206,0 9ot 10,86 0,1 0.142 0,25

12 11,A0 69,0 5,0 10,8 0,1 0,142 0,25

22 lie75 2711,0 5.0 10,75 0,1 0,142 0,25

33 11,70 246,0 5,0 10,70 0.1 0,142 0,25

34 11.67 246,10 5.1 tu,67 0.1 0,142 0,25

35 11,63 2U6,0 5.0 1n,h3 0.1 0,142 0,25

47 11.61 1dA,0 5.0 10,61 0.1 0,142 0,25

58 11,60 96,0 S0 10,60 0,1 0,142 0,25

75 11,59 140,0 5,0 10,59 0,1 0,142 0,25

92 11.57 131,0 540 10,57 0.1 0,142 0,25

122 11,545 Lon,n S0 10,565 0,1 0,142 0,25

134 11,558 190,0 Dl 19,558 0.1 0,142 0.25

150 11,55 Tu,0 5,0 10,55 0,1 0,142 0,25

159 11,52 50,0 5,0 19,52 0,1 0,142 0,25

177 11.5 62,0 ) 10.5 0.1 0,142 0,25

186 11.49 94,0 5,0 19,49 0,1 0,142 0,25

204 11,44 115.0 5.0 10,448 0,1 0.142 0,25

214 11,468 130,0 5.0 10,46 0,1 0,142 0,25

230 11.27 165.0 5e1 1n,27 0.1 0,142 0,25

239 11,07 215,0 5.0 to,07 0,1 0,142 0,25

251 10,87 246.0 Y 9.R87 0.1 0,142 0,25

263 10,67 295.0 5.0 9.67 0.1 0,142 0,25

275 10,47 295,10 5.0 9,47 0.1 0,142 0,25

287 10,15 Yan,0 5,0 9,35 0,1 0,142 0,25
2R6 10,3 217.0 5,0 9,3 0,1 0,142 0,25
289 10,217 29% 40 S.0 9,27 0,1 0,142 0,25
290 10,14 §J24,.0 5.0 9,148 0,1 0,142 0,25
301 10,1 Son,.0 5.0 9.1 0,1 0,142 0,25
3ng 10,05 FAN) 5,0 9.05 0,1 0,142 0,29
FLY) 10,21 14n,0 5,0 9.21 0.1 0,142 0,25
285 10,17 2%9,0 5.0 9.17 0.1 0,142 0,25
272 lug13d 262.0 5.0 9.13 0,1 0,142 0,25
271 10,09 oM, 0 ."},t) 9,09 0.1 0.142 0.28%
270 10,04 32,0 5.0 9.04 0.1 0,142 0.25

212 10,01 LT 5.0 9.01 0,1 0,142 0,28

2953 9.9n 190 .0 5.0 A.98 Nol 0.142 0.2%



TARLE C-2. Stream Boundary Option Data Used to Simulate Flux to the Ditch

NODE CHEEK CREEK CREEF cmceemavacas CREEK BOTTOM "evecememeew=s MIN CREEK
NUMBER ELEVATINN LENGTH WIDTH ELEVATION THICKNESS PERMEABILITY DEPTH
54 13,57 bbb, 2ou 12.57 0.1 0,142 0.25
65 13,52 125.0 2.0 12.52 0.1 0,142 0.25
B2 13.49 TOAR O 2.0 12.49 0.1 0,142 0.25
99 13,45 Ko, 0 2.0 12,05 0.1 0,142 0.25
111 13.d¢ 57,0 2. 12.42 0.1 0,142 0.25
115 13.4 57.0 2.0 12.4 0.1 0,142 0.25
0 129 13,39 bo 0 2.0 12,39 0.1 0,142 0.25
) 141 13,37 To,0 2au 120.37 0,1 0,142 0.25
157 13.34 bo 9 2.n 12,34 0,1 0,142 0.25
166 13,32 57.0 2.0 12.32 0.1 0.142 0.29
184 13,3 S71,0 2.0 12.3 0,1 0.142 0.29
193 13,15 74,0 2N 12.15 0,1 0,142 0.25
2n9 13.0 he 0 2.0 12.u 0,1 0,142 0.2%
219 12,4 125.0 2.1 11,8 0.1 0,142 0.29
213 12.6 73,4 2.4 1t.6 0.1 0,142 0.25%



LEAKANCE BOUNDARY OPTION

The "leakance boundary condition" option of the FE3DGW code allows
flexibility in defining external boundaries of the model region. Rather than
a constant flux or held potential at the boundary, the leakance option allows
the potential and flux to be varied depending on the conditions which exist
within the study area.

The data required by the model to make this calculation arethe distance
from the boundary to a known potential, the potential at that distance, and
the cross-sectional area of the boundary. These data are entered into the
model for each node along the boundary, including both surface nodes and
nodes at depth. The model calculates a boundary flux at each node using
Darcy's Law, which is then used to calculate the potential at the boundary.

A map depicting the regional potentials used to calculate the
groundwater potential at certain distances from the boundaries is shown in
Figure C-1. This map shows the distances to the extended boundary and the
gain or loss in potential elevation out to these distances.

The Green River elevations were interpolated from three measurements
taken by EPA Region X in April, 1984 :

1. east of benchmark 32 (southwest of site) -~ 9.8 ft (3.0 m) AMSL;

2. east of benchmark 22 (west of site) - 8.8 ft (2.7 m) AMSL; and

3. Tukwilla Gauge (north of site) - 7.9 ft (2.4 m) AMSL.
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APPENDIX D
CALCULATION OF RETARDATION FACTOR

The retardation factor, K, can-he calculated by the formula
K=1+BKd (D-1)

where B is defined as the bulk density divided by the effective porosity, and
Kd is the distribution coefficient. The dry density of the silty sand at the
Western Processing Site was estimated as the bulk density of sand
(2.6 gm/cm3) times the quantity 1.0 minus the actual porosity (1.0 - 0.4 =
0.6); or-1.6 gm/cm3. Kd's for TCE have been reported in the range of 0.1 to
1.0 cm3/gm (Richter, 1981), depending on the soil type. A Kd of 0.3 cm3/gm
was used to represent the silty sand material at the Western Processing Site.

Using the bulk density for silty sand of 1.6 gm/cm3 and an effective
porosity of 15%, yields a value of 10.7 for B. Substituting B and Kd into
equation D-1 yields a K of 4.2, which means that the TCE travels about four
times slower than the groundwater.

This value of K was used as a guide in determining the retardation
factor to use in the final calibrated CFEST model.
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ANALYSIS OF THE WESTERN PROCESSING MODEL SENSITIVITY
USING LATIN HYPERCUBE SAMPLING

To better understand Battelle's groundwater flow and contaminant
transport model of the Western Processing Site, a sensitivity analysis was
performed using Latin Hypercube Sampling (LHS). LHS is a constrainec
sampling scheme which selects values within a specified range and
distribution (Iman and Shortencarier, 1984). These values can then be used
as model input parameters so that the correlation between the tested input
parameters and the model results can be determined.

A Latin Hypercube Sample is a multiparameter (multivariats)
sample composed of a number of replications of individual realizations of
the multiparameter set, Each individual parameter is assigned to a
probggi1ity distribution (normal, lognormal, uniform, loguniform,
triangular, beta, or user-defined). The range of each probability
distribution is partitioned into a number of equally probable intervals; a
uniform distribution is divided into a number of intervals of equal length.
LHS involves selecting a parameter value for each of the equally probable
intervals (according to the conditional distribution of that interval) and
then randomly permuting the orders of intervals in order to introduce the
proper degree of correlation between parameters. The main advantage of LHS
is that the entire range of the parameter is sampled in an efficient
manner.

The LHS technique was applied to analyze the sensitivities o7
five parameters with respect to the conditions at the Western Processing

Site. These parameters are: the hydraulic conductivity of Unit 1; tn

in

hydraulic conductivity of Unit 2; the effective porosity; the recharge; and
the retardation factor for trichloroethylene (TCE). The sampling range and
distribution for each parameter are shown in Table 1. These distributions
were input into the LHS program which generated 25 realizations of these
parameters (Table 2). These parameter realizations were then input into
CFEST to create 25 realizations of the model output. Note that the source
strength and dispersivity were not analyzed in this study.



Table 1. Range and Distribution of Parameters
Used in LHS Analysis

Parameter Range Distribution
_Hydraulic Conductivity 1 to 10 ft/day Uniform
(Unit 1)
Hydraulic Conductivity 10 to 100 ft/day Uniform
(Unit 2)
Porosity 10% to 35% Uniform
Recharge 6 in./yr to 12 in./yr Uniform
Retardation Factor 2 to 8 Uniform



Table 2. Western Processing Sensitivity (Latin
Hypercube Sample Input Vectors)

K* K* Recharge _
Unit 1 Unit 2 Porosity in/yr Retardation

Run No. x (1) x (2) x (3) x {4) x (5)
1 1.40 60.0 0.318 11.1 7.54
2 6.26 21.9 0.147 10.5 7.85
3 6.80 47.5 0.169 10.6 4.30
4 9.31 96.8 0.227 7.24 4.78
5 4.07 55.1 0.306 8.91 4.04
6 5.30 75.5 0.261 7.82 7.13
7 6.47 19.3 0.320 6.47 3.58
8 3.62 84.5 0.280 8.52 6.49
9 1.00 90. 1 0.123 10.8 4.57
10 2.42 16.6 0.237 9.50 2.90
11 9.27 93.9 0.172 9.28 5.31
12 7.72 70.4 0.246 7.05 7.41
13 7.24 28.5 0.135 8.26 6.29
14 1.95 37.4 0.218 6.70 5.38
15 3.08 73.2 0.186 6.01 2.20
16 4.86 12.8 0.159 8.66 5.63
17 7.98 64.7 0.252 6.96 6.62
18 5.34 52.6 0.194 9.71 5.87
19 8.85 41.0 0.341 11.5 5.03
20 9.88 27.9 0.107 9.92 3.70
21 2.59 45.3 0.206 7.66 3.21
22 3.47 86.5 0.119 11.6 2.99
23 4.57 62.4 0.298 10.2 6.94
24 5.73 79.0 0.286 8.16 2.34
25 8.52 33.9 0.339 12.0 2.66

* ft/day



The MINITAB statistical package was wused to analyze the
relationship between parameter input and model results. The C
classifications used in MINITAB are shown in Table 3. Histograms (which
show the distribution of the model results) and descriptive statistics of
the model outputs (1983 concentrations, flux to Mill Creek, and total mass
of TCE in the groundwater system) are shown in Tables 4 and 5,
respectively. The histograms and descriptive statistics indicate that the
overall changes in input result in less than an order of magnitude change
in model-predicted 1983 source concentrations. But these changes do result
in order of magnitude changes in Mill Creek flux and predicted 1983 Mill
Creek concentrations.

The model results were regressed upon values of the input
parameters (Apppendix A). The regressions were analyzed by comparing the
t-stétistics (t-ratio) for the regression equations. A summary of the
regression t-statistics is shown in Table 6. A higher absolute value of
the t-statistic indicates a greater correlation between the parameters.
For example, in Table 6 the highest t-statistic for the flux to Mill Creek
is for the hydraulic conductivity of Unit 1. Therefore, the flux to Mill
Creek is primarily controlled by the conductivity of Unit 1. In this
example, the conductivity of Unit 2 has the next highest t-statistic. and
therefore is the secondary controlling factor. T-statistics with absolute
values less than two are considered insignificant. Examination of t-
statistics for the input parameters indicates that the parameter with the
greatest a2ffect on the model results is the hydraulic conductivity of init
1. The results of the regression analysis for each of the model output
variables are discussed below.

The predicted 1983 concentration at Well 21 s oprimarily
controlled by the hydraulic conductivity of Unit 1, followed by the
retardation factor, effective porosity, and recharge. The predicted 1983
concentration at Reaction Pond I is almost entirely controlled by the
hydraulic conductivity of Unit 1 with 1ittle or no influence from the other
parameters. The dominance of the Unit 1 hydraulic conductivity indicates

that the hydraulics (the conductivity and gradient) are dominating the



Table 3. Key to C Classifications

Cl = 1983 TCE Concentration at Well 21 (ppb)

C2 = 1983 TCE Concentration at Reaction Pond I (ppb)
C3 = 1983 TCE Concentration at Reaction Pond III (ppb)
C4 = Flux to Mi1l Creek (cfs)

C5 = 1983 TCE Concentration in Mill Creek (ppb)

C6 = Hydraulic Conductivity of Unit 1 (ft/day)

C7 = Hydrauilc Conductivity‘of Unit 2 (ft/day)

C8 = Porosity

C9 = Recharge (ft/day)

Cl10 = Retardation
Cll = 1968 Total Mass of TCE in Groundwater System
€12 = 1973 Total Mass of TCE in Groundwater System
C13 = 1978 Total Mass of TCE in Groundwater System
Cl4 = 1983 Total Mass of TCE in Groundwater System
C15 = 1988 Total Mass of TCE in Groundwater System

C16 = 1993 Total Mass of TCE in Groundwater System

—1

€17 = 1998 Total Mass of in Groundwater System

)
m

Cl8 = 2003 Total Mass of

—
[}
n

in Groundwater System



Table 4. Histograms of Model Results
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Table 5. Descriptive Statistics for Model Results

REACTION REACTION MILL CREEK  MILL CREEK

WELL 21 POND I POND%III FLUX CONCENTRATION

Cl1 Cc2 C3 Co c7
N 29 29 cS =5 25
ME AN 281701 111454 159548 2. 638 aa.1
MEDIAN 222803 D462 132979 2. 640 B:.6
TMEAN 374252 106443 152643 @a.8637 8.8
STDEV 1383853 34375 71768 &, 283 28.3
SEMEAN cTeETV 12875 143554 . aS7 7.7
MAX Ta9421 c83913 289244 1.140 188. &
PETN 225303 54238 88675 2. 139 17.0
az 4740293 138981 1938@7 ?. 329 12v. 8
G 272914 70451 102434 D. 44Q 60. 6

TMEAN .= Mean of the trimmed sample (less the upper and lower 5%)
SEMEAN = STDEV/ /N

Q3 = Third quartile (75%)
Q1 = First quartile (25%)
Total Mass in the System

1968 1973 1978 1983 1988 1993 1998 2003

cit Ciz Ci3 Cl4 Ci1s Cle C17 ci8
Y S KA S =5 ) =S ) Pt]
YiEAN G045 11654 153585 18642 15371 12484 12120 8279
MCDTIAN E831 1217@ 163577 19664 16233 1818 27 AL €938
TMEAN 6678 11760 15701 18785 15453 12395 9869 7912
STDzV S76 1864 3426 wa3 (EAGLD | €S8B4 €647 &49¢
SEMEAN 115 373 €85 1017 124 1317 1329 1298
MAX Suz 14722 1595 cB1Ee4 27936 27205 cerae cSu39
MIN 4L97€ 5244 6145 5777 1285 ] ] ]
03 7Q4E 1295 17973 22280 19829 17157 14689 1229
0 .00 A 12637 [WACT:) 2,5 ERCe 277 2307



Table 6. Summary of T-Statistics for Regression Equations

1983 1983 1983 1983
1983 Reaction Reaction Mill Mill Total TCE

Well 21 Pond 1 Pond TI1 Creek Creek Mass in

Concentration  Concentration  Concentration  Flux Concentration System

K Unit 1 »12.72 -8.98 -9.73 32.59 11.64 -11.40
K Unit 2 1.16 0.08 0.89 6.47 0.56 -0.76
Porosity -4.33 -1.59 -2.90. 1.29 -7.33 7.34
Recharge -3.35 0.03 0.37 -1.25 1.25 -1.14

Retardation
Factor -7.27 -1.13 -2.89 0.39 8.95 8.90



transport at this source and the retardation has very 1ittle effect. The
predicted 1983 concentration of Reaction Pond IIl is also dominated by the
hydraulic conductivity of Unit 1, while the effective porosity and
retardation factor affect the concentration to a significant but to lesser
degree.

The hydraulic conductivity of Unit 1 dominates the predicted flux
to Mill Creek. To a lesser degree, Mill Creek flux is also influenced by
the conductivity of Unit 2. The predicted 1983 TCE concentration in Mill
Creek 1is about equally dependent on the conductivity of Unit 1, the
retardation factor, and the effective porosity, with the hydraulic
conductivity having a slightly greater influence.

Regressions were also performed on the predicted total mass of
TCE remaining in the groundwater system and the input parameters. (Note
that the mass input was constant but the mass exiting the system is
variable.) The total mass in the system is controlled by the hydraulic
conductivity of Unit 1 followed by the retardation factor and effective
porosity. The conductivity has more control after the sources are no
longer active. Comparison of the predicted 1983 concentration at three
sources and the total mass remaining in the groundwater system indicates
that the total mass of TCE is controlled primarily by Reaction Pond I,
followed by Reaction Pond III. Well 21 has no effect on the total mass of
TCE in the system. The differences between the contributions of tne sour:ze
areas is probably due to the fact that the Reaction Pond sources dischargzs

Titela aFFact An i
1 - — - S e - - .

o i1l Creek whiile the Well 21 source may nave
Creek,

In summary, the LHS analysis has shown that, of the parameters
tested, the model is most sensitive to ‘the hydraulic conductivity of iUnit
1. The flux and contaminant 1loading to Mill Creek, the total mass
remaining in the system, and the peak concentration at the source areas are
all controlled by the Unit 1 conductivity. Because the hydrauii:“
conductivity of Unit 1 is the major controlling factor, confidence in the
conductivity values used as input %o the model will resul® in the greatass

reliability in model results. The conductivities used in the mode! have



been verified by field testing (at least in the northern portion of the

site), therefore much confidence can be placed in the flow-portion of the

model.
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MINITAB Regression Equations
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WESTERN PROCESSING HYDROLOGIC CHARACTERIZATION

Slug tests -and borehole dilution tests were performed at the
Western Processing Site (Figure 1) to better characterize the groundwater
flow system. The tests were performed during the period February 11-13,
1985, by Jim Doesburg, Mary Lilga, and Chris Eddy of Battelle's Office of
Hazardous Waste Management. The results indicate that hydraulic
2 cm/sec (142 ft/day)
tc 4 x 10_4. cm/sec (1 ft/day). The test procedures and results are
discussed below. The field forms and plots used to calculate the hydrauﬁc
conductivity are included in Appendices A and B, respectively.

conductivities of the zones tested range from 5 x 10~

SLUG TEST PROCEDURES

The hydraulic conductivity of an aquifer can be determined by
instantaneously changing the water level in a well and observing the
recovery. For the Western Processing Site, a 3.5-in. diameter slug was
used to change the water level. The slug was designed to displace the
water 5,408 cm3, which should result in a 66-cm change in water level in a
4-in. diameter well. The recovery was measured after both inserting and
removing the slug using an electrical tape.

The change in water level over time was then plotted on semi-log
paper and the method described in Bouwer and Rice (1976) was used to
analyze the results.

SLUG TEST RESULTS

A summary of the slug test results is shown in Table 1. Four
zones of permeabilities could be discerned. Conductivities vary between
the shallow and deep portions of the aquifer, and the north and south
portions of the site. The shallow portion of the aquifer in the north of
3 cm/sec (3 ft/day), while the deep
portion has a conductivity of about 4 x 10'2 cm/sec (113 ft/day). The

the site has a conductivity of about 10~
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opposite is true of the southern portion of the site; the deep portion of
the aqu%fer has a conductivity of about 3 x 10'3 cm/sec (8.5 ft/day), while
the .shallow portion is approximately 2 x 10'2 cm/sec (57 ft/day). The
values for conductivity can be quantitatively verified by comparing the
calculated values with the geology of the screened interval (Table 2). The
fine-to-mediumn sand has a conductivity of 3 x 1072 cm/sec (85 ft/day),
while the presents of peat, clay, and/or silt decreased the conductivity to
6 x 10°% cm/sec (1.7 ft/day).

Table 1. Summary of Slug Test Results

Hydraulic
Conductivity
Well No. (cm/sec)*
1A 2 x 107
18 8 x 10_4
17A 6 x 10_2
84-18B 2 x 10 4
84-2 9 x 10:3
84-3 8 x 10_2
84-4A 2 x 10_4
84-48B 4 x 10_4
84-5A 4 x 10_2
84-58 5x 10

*Average of the results for
dropping and removing the
slug (see Appendix B).

Table 2. Comparison of Hydraulic Conductivity and Lithology

Conductivity
Well No. Depth (cm/sec) Lithology
1A 15 ft 2 x 1073  Sand with Silt/Clay Lenses
17A 15 ft 6 x 10_, Silt and Clay
84-4A 25 ft 2 x 10_,4 Fine-to-Medium Sand
84-5A 25 ft 4 x 10_, Peat/F ine-to-Medium Sand
1B 30 ft 8 x 10_, Peat/Fine Sand
84-1B 50 ft 2 x 10_, Fine-to-Medium Sand
84-2 50 ft 9 x 10_4 Fine Silty Sand
84-3 50 ft 8 x 107, Fine-to-Coarse Sand
84-48 50 ft 4 x 10_, Sandy Silt
84-58 50 ft 5x 10 Fine-to-Medium Sand



The values for conductivity used in Battelle's groundwater flow
and contaminant transport model of the Western Processing Site were
1.2 x 10'3 cm/sec (3.5 ft/day) for the upper 30 ft, and 1.8 x 10'2 cm/sec
(50 ft/day) for the portion of the aquifer below 30 ft. The values closely
match the values obtained from the slug tests in the northern portion of
the site, while these values vary an order of magnitude in the southern
portion of the site. Since the majority of the contaminants of interest in
the model were disposed of in the northern portion (Reaction Ponds I and
III) of the site, the difference between the model predicted and measured
hydraulic conductivities will probably have little effect on the overall
transport of contaminants.

BOREHOLE OILUTION TEST PROCEDURES

Borehole dilution testing as described by Freeze and Cherry
(1979) has been used extensively in Europe on a means of determining
groundwater velocity. The theory 1is that the horizontal velocity of
groundwater through a well-bore can be determined by measuring the change
in concentration over time of a specific ion introduced into the borehole.
This measurement is performed by packing off a known portion of a screen,
introducing a known ion, and measuring the changes 1in concentration over
time. Figure 2 is a schematic of the apparatus used at the Western
Processing Site.

BOREHOLE DILUTION TEST RESULTS

The borehole dilution tests met with mixed results.  Several
equipment problems and difficult field conditions resulted in tests being
performed on only two boreholes. Both Battelle pumps refused to work (both
were lab tested prior to field work), and the conductivity meter would not
function properly. The conductivity meter gave anomolous measurements when
the probe was moved near the lower mixing tube. When the probe was moved
near the wupper mixing tube, the anomolous measurements ceased (see
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Figure 2). We obtained a third pump from the EPA Manchester lab which did
work. Further modifications have been made to the test apparatus to
e]iminate the . probe problem in the future.

The tests that were performed did show the expected change in
conductance with time. Because of the errors in the initial readings, the
calculated velocities were suspect. The borehole tests indicated that
horizontal groundwater flow near Well 17A was much less than that of Well
1B. Unfortunately, the length of time that was required to complete the
test at Well 17A was longer than the time available on site.

REFERENCES
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Conddgiﬁvity of Unconfined Aquifers with Completely or Partially
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APPENDIX A
SLUG TEST FIELD FORMS
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SITE Western Processing

SLUG TEST FIELD FORM
Date 2/11/85 10:30

Investigator _J. Doesburg

C. Eddy

M. Lilaa

Borehole # 1A

Radius of borehole 4 in./10 cm

, 7777777777 /77777
Radius of casing 2 in./5 cm

Depth of well 443 cm STHTIC -

Length 6f screen 3 ft./91 cm

'|||+J~<—s-

Reference point for
water Tevel measurments Top of PVC

Casing —2 A-—>
Elevation Steel Casing 23.38 ft. AMSL 713 cm

Static water level 250 cm (2/11/85)-246.5 cm (2/13/85) 2, N #
Static water level elevation ~466 cm

Ground surface elevation NA — T
Slug volume 330 cu. in. /5408 cm3 L
Anticipated displacement 26 in./66 cm l

Remarks: * Stop.watch had to be restarted at approximately
30 minutes.

This well was installed with a backhoe (F. Wolf verbal
communication). There is a large gravel pack around
the screen.

Water level in well dropped 21 cm overnight. Reading
8:30 a.m.-2/12/85. Puddles which had been 6" deep in
vicinity were gone in morning.



SLUG TEST FIELD FORM

WELL # 1A

# TINME |DEPTH STATIC # TIME |DEPTH|STATIC
TO MINUS To IMINUS
WATER TEST WATER|TEST
20 6:00 242.75( 7.25
21 7:00 | 243 7
oroppiNg sLud 22 9:00 | 243.5| 6.5
1 | 0:00| 250 0 23 11:00 | 244 6
2 0:05 | 221 29 24 15:00 244 6
3 0:15] 229 21 25 20:00 | 245 5
4 | 0:257 232 18 26 | 25:00 |244.5| 5.5
] T * SEE REMARK
> | 035 23 | 1 27 |35:00 |244.5| 5.5
6 0:45| 237 13 28 45:00 |244.5| 5.5
7 0:60| 237.5| 125 29 P:52:00] 250 0
8 1:15| 238.5/ 11.5 REMOVILG SLUG
9 1:30| 239 11 !
0:15 | 267 17
10 1:45 | 240 10
2 0:30 | 257 7
11 2:00 | 240.5| 9.5 3
0:40 1252.51 2.5
12 2:15 | 241 9
4 0:50 | 251 1
13 2:30 | 241.5] 8.5 5 1:00 | 249 | -1
14 2:45 | 241.5| 8.5 6 1:10 | 148 | -2
15 3:00 | 242 8 7 1:20 |246.5] -3.5
16 3:30( 242.5 7.5 8 1:30 |245.5] -a.5
17 4:00] 242.5 7.5 9 1:40 |244.5] -5.5
18 4:30| 242.5| 7.5 10 | 1:50 | 244 | -6
i9 5:00(242.75| 7.25 11 2:05 |242.5] -7.5




Page 3 of 5

WELL # 1A
SLUG TEST FIELD FORM
# | TIME|DEPTH | STATIC # | TIME |DEPTH|STATIC
TO MINUS 70 [MINUS
WATER TEST WATERITEST

12 | 2:15| 242.5| -7.5 34 1:io:o 235| -15
13 | 2:30| 242 -8 35 [1:29:09 236 -14
14 | 2:45| 241 -9 36 [1:46:00 236 -14
15 | 3:00{ 241 -9 37 18:26:00 257| 7
16 | 3:15| 241 -9

17 | 3:30 201 -9

18 | 4:00( 240 -10

19 | 4:30| 239 -11

20 | 5:00| 238 -12

21 | 5:30|237.5 | -12.5

22 | 6:00|236.5 | -13.5

23 | 7:00| 235 | -15

24 agoo 234.5 | -15.5

25 |10:00 | 234 | -16

26 [12:00 | 234 | -16

27 |14:00 | 234 | -16

28 |17:00 | 234 | -16

29 |22:00 | 233.5 | -16.5

30 |28:00 |233.5 | -16.5

31 |47:30 | 235 | -15

32 |57:00 | 234 | -16




Page 4 _ of §

WELL # _1A
RETEST SLUG TEST FIELD FORM .
# | TIME[DEPTH | STATIC # | TIME [DEPTH|STATIC
T0 MINUS TO [MINUS
WATER TEST WATERITEST _
1 | 0:00| 246.5| © 23 8:00| 245| 1.5
2 | 0:05| 217:5{ 29 24 9:00 | 245.2] 1.3 -
3 | 0:16| 225 21.5 25 | 10:00 {245.3 1.2 o
4 | 0:24| 228 18.5 26 | 12:00 {245.5 1.0
5 | 0:31] 230 16.5 27 | 14:00 |245.8] .7
6 | 0:39| 232 | 14.5 28 | 17:00 |245.9] .6
7_| 0:47 |233.5 | 13 29 |20:07 {245.9] .6
8 | 0:57 1 235 11.5 30 PB:30:39] 246 | 0
9 |1:10 | 237 9.5 SLUG REMOVED
10 | 1:22 | 238 8.5 1 0:-16 |259-5{ 13
11 1:35 | 239 7.5 2 0:27 |259.5| 13
12 | 2:00 | 240 6.5 3 0:40 |259.5| 13
13 | 2:20 | 241 5.5 4 0:55 | 259 | 12.5
14 | 2:40 | 242 4.5 5 1:13 |257 51 11
15 3:00 | 242 4.5 6 1:30 {256.5] 10
16 | 3:30 |242.5 4 7 1:45 1256.5| 10
17 | 4:00 | 243 3.5 8 2:00 |255.5| 9
18 | 4:30 | 243.5 3 9 2:20 | 255 | &.s
19 | 5:00 | 244 2.5 10 2:40 | 254 | 7.5 s
20 | 5:45 | 244 2.5 11 3:00 [253.5| 7 -
21 | 6:30 [244.5 | 2 12 3:20 | 253 | 6. -
22 | 7:15] 245 1.8 1 13 3:40 [252.5] 6 -




Page 5 _of 5

WELL # 1A
SLUG TEST FIELD FORM
# TIME |DEPTH STATIC # TIME |DEPTH|}STATIC
T0 MINUS To [MINUS
WATER TEST WATER|TEST

14 4:00 | 25.2 5.5
15 4:30 | 251.5 5
16 5:00 | 251 4.5
17 5:4%5 1250.5 4
18 6:30 {249.5 3
19 7:15 | 249 2.5
20 §:00 }248.5 2
21 9:00 7248 1.5
22 10:00] 248 1.5
23 11:00(247.5 1
24 13:40| 247 1
25 15:00 247 1
26 17:00 |246.7 .2




rage L 0T

SITE Western Processing

SLUG TEST FIELD FORM

Date _2/11/85 10:00

Investigator J. Doesburg
C. Eddy
M. Lilga

Borehole # 1B

Radius of borehole 10 cm

777777777
Radius of.casing 5 cm

Depth of well 914 cm

/11T

K1e,2004

Length of screen 91 cm

Reference point for
water level measurments Top of PVC

Casing

Elevation Steel Casing 788 cm AMSL

Static water level 276 cm

Static water level elevation ~512 cm

Ground surface elevation NA

STug volume 330 cu. in. /5408 cm3

Anticipated displacement 66 cm

Remarks: Cold, wet. Intemittent rain.

<——2&?—1

'lll e R

le—— ™ ——]
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WELL # 1B
SLUG TEST FIELD FORM
TIME |DEPTH | STATIC # | TIME [DEPTH|STATIC
T0 MINUS T0 [MINUS
WATER TEST WATERITEST
20 | 3:40 {247.5| 28.5
21 | 4:00 | 249 | 27
DROPPING SLUG 22 4:30 | 251 25
1 0:00| 276 0 23 | 5:00 | 253 | 23
2 0:05| 217 59 24 | 5:30 [254.5| 21.5
3 | 0:15] 218 58 25 | 6:00 | 256 | 20
4 0:25 | 220 56 26 | 7:00 |259 | 17
s | o35 | 222 | sa 27 | 8:00 R61.5| 14.5
6 0:45 | 224 52 28 | 9:00 |264 | 13
7 0:55 | 228 48 29 |10:00 |265 | 11
8 1:05 | 228 48 30 | 12:00 | 268 8
9 1:15 ] 230 46 31 | 14:00 | 269 7
10 1:25 | 231 45 32 | 16:00 | 271 5
11 1:35 | 233 43 33 | 18:00 pR72.5 | 3.5
12 1:45 | 234 42 3¢ | 20:00 p73.5 | 2.5
13 1:55 | 235 41 35 [22:00 275 | 1
14 2:05 | 237 39 36 |26:00 (275 | 1
15 2:20 | 239 37 37 | 26:00 p75.5 |.5
16 2:40 | 242 34 38 ]28:00 ({276 | O
17 2:55 | 243 33
18 3:10 | 244 32
19 3:25 | 246 30




SITE Weaterm Processing

SLUG TEST FIELD FORM

Date 2/11/85 09:00

Investigator _J. Doesburg

C. Eddy

M. Lilga

Borehole # 11A

Page 1 of _1

Radius of borehole 10 cm

Radius of casing _5 cm

Depth of well _457 cm

Length of screen 91 cm

Reference point for
water level measurments Top of PVC

fasing

Elevation Steel Casing 767 cm AMSL

Static water level 284 em

Static water level elevation ~ 483 em

Ground surface elevation NA

Slug volume 330 cy. in. /5408 cm3

Anticipated displacement 66 cm

Remarks: Recovery in about 5 seconds.

Maximum displacement about 8 cm.

7777777777 77TTT.
TIE W
1
F—Z l,_——*

Using 8 cm as yo and .1 and 5 sec. at yoand t gives a K of

2x10-1 cm/sec.

Well 11B PVC casing is broken.
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SITE _Western Processing

SLUG TEST FIELD FORM
Date 2/12/85 08:50

C.

Investigator J. Doesburg

C. Eddy

M. Lilga

Borehole # 174

Radius of borehole 10 cm
Sl /77777
Radius of casing 5 cm
Depth of well 524 cm % seTIE ot
© e 4 A
Length of screen 91 cm 1
Reference point for =
water level measurments Top of PVC
Casing-East Side(PVC Cut on Slant)
Elevation Steel Casing 741 cm AMSL
Static water level 196 cm (2/11/85) 205 cm (2/12/85) H
2R
Static water level elevation ™~536 cm
Ground surface elevation NA T
Slug volume 330 cu. in./5408 cm3 L
Anticipated displacement 66 cm e
P P n e l

Remarks: 2/11/85 Raining
2/12/85 Sunny

Well 17B has screwed joints.



WELL # _17A

SLUG TEST FIELD FORM
# | TIME|DEPTH | STATIC # | TIME |DEPTH|STATIC
TO | MINUS 70 [MINUS
WATER TEST WATER|TEST
20 | 3:40 {182 | 23
21 | 3:55 |184 | 21
DROPP[NG SLUG 22 | 4:10 |185 | 20
1 | 0:00] 205 0 23 | 4:25 {186 | 19
2 | 0:05| 142 | 63 24 | 4:35 187 | 18
s L oits| 147 | s 25 | 4:55 {190 | 15
4 | 0:30| 151.5| 53.5 26 | 5:15 {11 | 14
s | 0:40 | 153.5| s1.5 27 | 5:25 [191.5| 13.5
6 | 0:45]| 156 | 49 28 | 5:40 | 192 | 13
7 | o0:55| 158 | 47 29 | 6:00 | 193 | 12
8 1:10] 162 | 43 30 | 6:30 | 195 | 10
9 1:25( 164.5| 41.5 31 |7:00 |19 |9
10 1:35| 167 | 38 32 | 7:30 [197.5] 7.5
11 | 1:45| 168 | 37 33 | 8:00 | 198 | 7
12 | 2:00{ 170 | 35 38 | 8:30 {198.5| 6.5
13 2:10| 171 | 34 35 |9:00 | 200 | 5
14 |- 2:20| 173 32 36 | 9:30 |200.5| 4.5
15 2:35| 176 | 29 37 |10:00 | 201 | 4
16 2:50| 178 | 27 38 [11:00 | 202 | 3
17 3:00| 178.5 | 26.5 39 [12:00 |202.5| 2.5
18 3:10| 180 | 25 40 |13:00 | 203 | 2
19 3:30( 181 | 24 41 14:45 | 203 | 2




Page 3 of 4
WELL # 174
SLUG TEST FIELD FORM
# | TIME|DEPTH | STATIC # | TIME |DEPTH|STATIC
T0 MINUS To [MINUS
WATER TEST WATERITEST
42 |16:00| 203.5 | 1.5 13 3:00 | 259 | 54
43 |17:00) 204 | 1 14 3:20 258.5 | 53.5
44 |18:00| 204 | 1 15 3:50 [256.5 | 51.5
45 | 20:00] 204 | 1 16 | 4:10 |255.5{ 50.5
46 | 22:00 204 | 1 17 | 4:30 | 255 | 50
47 | 25:00| 204 | 1 18 | 5:00 | 253 | 48
48 | 30:00] 204 | 1 19 | 5:30 | 252 | 47
49 | 35:00] 208 | 1 20 | 6:00 {250.5| 45.5
50 | 51:00] 204 | 1 21 | 6:30 | 249 | 44
REMOVING SLUG 22 | 7:15 | 247 | .42
1 0:08| 274 | 69 23 | 8:00 | 246 | 41
2 0:25| 269 | 64 24 | 9:00 |243.5| 38.5
3 0:40( 267 | 62 25 110:00 | 241 | 36
4 0:50| 267 | 62 26 [11:00 | 240 | 35
5 1:00| 266 | 61 27 |12:00 | 237 | 32
6 1:15 .266 61 28 [13:00 |235.5| 30.5
7 1:30| 265 | 60 29 |14:00 | 234 | 29
8 1:45| 263 | 58 30 | 15:30] 231 | 26
9 2:00| 262 | s7 31 | 17:00] 229 | 24
10 2:10| 261.5 56.5 32 | 18:30{227.5| 22.5
11 2:30| 260.5 55.5 33 | 20:00] 226 | 21
12 2:45| 259.5 54.5 34 | 22:00{ 224 | 19
]




Page 4 of 4

WELL # _17A
SLUG TEST FIELD FORM
# TIME [DEPTH STATIC # TIME |DEPTH{STATIC
T0 MINUS To |[MINUS
WATER TEST WATERITEST

35 24:00{ 221.5] 16.5
36 27:007 219 14
37 30:00{ 216.5| 11.5
38 35:00{ 214 9
39 40:00| 212 7
40 50:00{ 209 4
41 |1:46:00 205 at 11:3p actual time ,

Stop wggéh réset at tjme 10:53, stop wat¢h time|{1:04 E




SITE _yactarn Pracessing

SLUG TEST FIELD FORM

Date _2/10/85

Investigator J. Doesburg
C. Eddy
M, lilaga

Borehole # 178

Page 1 of ]

Radius of borehole 10 cm

Radius of casing 5 cm

Depth of well 914 em

Length of screen 91 cm

Reference point for
water level measurments Top of PVC

Casing

Elevation Stee] Casing 736 cm AMSL

Static water level 235 em

Statib water level elevation~ 451 cm

Ground surface elevation NA

Slug volume 330 cu. in. /5408 cm3

Anticipated displacement 66 cm

Remarks: Joints are screwed together so slug won't

fit in hole.

7777777777

;77777

¢ W

'Ill [ 4—"C —

2>

2R >




Page 1 of _]
SITE _Western Processing

SLUG TEST FIELD FORM

Date _ 2/13/85

Investigator C. Eddy

M, Lilga

Borehole # 84-1-A

Radius of borehole 10 cm

7777777777 77
Radius of casing 5 cm

Depth of well 762 cm snnc:

Lengthug% screen _152 cm

Reference point for =
water level measurments Top of PVC

Casing re—7 f—>

Elevation NA

Static water level 302 cm i

Static water level elevation NA

Ground surface elevation NA

Slug volume _330 cy. in. /5408 cm3 | -

Anticipated displacement 66 cm

Remarks: Unable to slug test due to presence of screws in casing.
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SITE __Western Processing

SLUG TEST FIELD FORM

Date _ 2/13/85

Investigator C. Eddy

M. Lilga

Borehole # 84-1-B

Radius of borehole 10 cm

7777777777
Radius of casing 5 cm

77777 7.

STRTIC WA

Depth of well 1524 cm

Length of screen 152 cm

Reference point for
water level measurments Top of PVC

Casing

Elevation NA

Static water level 321.5 cm

—2 h—

'lll < —3

Stati& water level elevation NA

Ground surface elevation NA

STug volume _330 cu. in./5408 cm3

Anticipated displacement 66 cm

Remarks:

e—— T




SLUG TEST FIELD FORIM

WELL # 84-18

+ | TnelpepTH | sTATIC # | TiMe |oEPTH|STATIC
10 MINUS 10 IMINUS
WATER | TEST WATERITEST
TRTTIAL WATER LEVEL
1 0:00]| 321.5 O 7 2:30 1322.5 .5
2 | 0:08] 347| 25.5 g | 3:27322.5| .5
DEPTH TO o
3 | 0:21| 324 2.5 | DEPH 9 | 4:10 322.5| .5
TNCREASES
4 | 0:30] 322.5| 1 RETEST
5 | 0:38| 322| .5 10:10 B55.5 | 13.5
6 | 0:47| 322| .5 0:17 ] 327| 5
7 | 1:05| 322 .5 0:24 823.5 | 1.5
8 | 1:38| 322 1 0:36 | 322 o0
9 | 2:32] 322.5| 1 1:07 | 322 o
10 | 2:49| 322.8] 1 2:07 | 322| o
11 | a:00] 322.5] 1 REMOVING SLUE
12 | s:41| 323] 1.5 0:00 | 322| o
13 | 5:54| 323| 1.5 0:12 | 325 | 3
14 | 6:30| 322.5| 1 0:24 | 324 | 2
15 | 8:11| 322] s 0:3a | 323| 1
REMOVING SLUG 0:40 | 322.5| .5
1 | 0:11 | 322.5) .5 0:53 | 322.5] .5
2 | 0:25| 328 2 1:22 |322.5| .5
3 | 0:33] 323.5| 1.5 2:09 | 322.5] .5
4 | 0:37| 322.5 3:57 |322.5| .5
5 | 1:00| 322.5 4:45 | 322.5] .5
6 | 1:44| 3225 7




SITE __yestern Processing

SLUG TEST FIELD FORM

Date 2/12/85

Investigator J. Dgesburg

C. Eddy

M, Lilga

Borehole # 84-2

Page 1 of _3

Dames and Moore weltrsingle well, middle of eastern side

of site adjacent to fence.

Radijus of borehole 10 ecm

Radius of casing 5§ cm

Depth of well 1524 cm

Length 6F screen 152 cm

Reference point for
water level measurments

Top of PVC

Casing

Elevation NA

Static water level 266.5 cm

Static water level elevation NA

Ground surface elevation NA

Slug volume 330 cu. in. /5408 cm3

Anticipated displacement 66 cm

Remarks:

7777777777 e
TIC A
{ N
2 A~
H
2R
=— ||
=
B e ——

«—— 1




SLUG TEST FIELD FORM

WELL # 84-2

# | TIME|DEPTH | STATIC # | TIME |[DEPTH|STATIC
T0 MINUS TO [MINUS
WATER TEST WATERITEST
INITIAL WATER|LEVEL
1 _10:00) 266.5! 0 23 | 4:00 |249.5] 17
o | 0:05] 208 | 58.5 24 | 4:15 | 251 | 15.5
3 | 0:15) 212.5| 54 25 | 4:30 [252.5| 14
4 | 0:25} 215.5| 51 26 | 4:45 |253.5| 13
5 0:35 [ 218.5] 48 27 | 5:00 {255.5| 11
6 0:45 220.5| 46 28 | 5:20 [255.5] 11
7 | 0:55] 222.5] 44 29 |5:45 | 257 | 9.5
8 | 1:08 |7225 41.5 30 |6:05 [257.5| 9
9 | 1:15 | 227 39.5 31 |6:30 | 259 | 7.5
10 | 1:25 | 229 37.5 | 32 |7:00 | 260 | 6.5
11 | 1:35 | 231.5| 35 33 |7:30 | 261 | 5.5
12 1:4§ 232.5| 34 34 [8:00 |[261.5] 5
13 | 1:55 | 235 31.5 35 [9:00 |262.5] 4
14 | 2:10 | 237 29.5 36 [10:00 |263.5| 3
15 | 2:20 | 239 27.5 37 |11:00 |264.5] 2
16 | 2:30 | 240.5 26. 38 [12:00 | 265 | 1.5
17 | 2:40 | 242 24.5 39 |13:00 |265.5{ 1
18 | 2:50 | 242.5| 24 40 | 14:00 |265.6{ .9
19 | 3:00 | 244 22.5 41 |16:00 | 266 | .5
20 | 3:15| 245.5| 21 42 |18:00 | 266.5{ O
21 | 3:30 | 246.5 20
22 | 3:45! 248.5] 18




Page 3 of 3

WELL # 84-2
SLUG TEST FIELD FORM
# TINME [DEPTH STATIC . # TIME |DEPTH|STATIC
T0 MINUS To [MINUS
WATER | - TEST WATERITEST
REMOYING SLY 21 |. 5:30 | 281 | 14.5
1| 0:20} 321.5| 55 22 6:00 [278.5} 12
2 | 0:45] 319 52.5 23 6:30 | 277 | 10.5
3 1:00{ 314 47.5 24 7:00 1276.5| 10
4 1:10} 312 45.5 25 7:30 | 275 8.5
5 1:20} 310 43.5 26 8:00 | 274 7.5
6 1:25 _309 42.5 27 9:00 |271.5] 5
7 1:35 308 41.5 28 -110:00 {270.5! 4
8 1:40] 306 39.5 29 [11:00 j269.5| 3
9 1:50] 305 38.5 30 |12:00 |268.5| 2
10 2:00( 303 36.5 31 |13:00 | 268 1.5
11 2:10| 302 35.5 32 |14:00 |267.5}| 1
.12 2:20) 300 33.5 33 15:00 | 267
13 2:30] 298.5| 32 34 116:20 | 267
14 2:551 295 28.5 35 117:20 | 267
15‘ 3:25 231 24.5
16 3:451 289.51 23
17 4:00! 287.5 21
18 4:15| 286 19.5
19 4:30| 285 18.5
20 5:00| 283 16.5




SITE Wegtern Processing

Date _02/12/85

Invéstigator C. tddy

rage 1 of _ 3

SLUG TEST FIELD FORM

M. Lilga

Borehole # g4-3

Radius of borehole 10 cm

Radius of casing § cm

777777777

Depth of well 1524 cm

”
7777

Ti¢

Length of screen _ 152 cm

Reference point for
water level measurments

Top of PVC

Caqing

Elevation ya

Static water level 270 ¢m

Static water level elevation

Ground surface elevation

NA

NA

Slug volume

Anticipated displacement

330 cu. in. /5408 cm3

66 cm

Remarks:




Page 2 of 3

WELL # 84-3
SLUG TEST FIELD FORM
# | TIME|DEPTH | STATIC # TIME |DEPTH|STATIC
T0 MINUS TOo |MINUS
WATER TEST WATERITEST
INITIAL WATER LEVEL
1 | 0:001 270 0 5 1:00| 269 | -1
2 0:10| 289 19 DEPTH TO 6 121:5 269 -1
WATER INCREASES .
3 0:30 | 270.5 .5 7 1:30| 269 | -1
4 0:55| 270 0 8 1:45|269.5| -.5
5 |1:15 | 270 0 9 2:00269.5{ -.5
REMOVING SLUG 10 2:201 270 | ©
1 0:13 288 18 REMOVING SLUG.
2 0:25| 278 8 1 0:12 1 285 | 15
3 0:35) 274 4 2 | 0:28 | 577 | 7
4 0:45( 273 3 3 | 0:30 | 275 | 5
5 |1:00 | 272 2 4 | 0:40 | 273 | 3
6 |1:15 | 271.5 1.5 5 | 0:55 {270.5| 2.5
7 11:30 | 271 1 6 1:05 | 272 2
8 |1:45 | 271 1 7 1:20 | 272 2
9 12:00 | 270.5 .5 8 1:40 | 271 1
10 {2:20 | 270.5 .5 9 2:00 | 271 1
11 |2:40 | 270 0 10 2:20 .51 .5
DROPPIING SLUG 11 2:40 [270.5| .5
_1 Jo0:20| 273 3 DEPTH TO 12 | 3:00 {270 0
WATER INCR
_2 |0:30 ] 270 0 DROPPING SLUG
_3 {0:40 | -269 -1 1 0:08 | 281 11 DEPTH TQ
WATER INCR.
8 | o.50 | 268 2 2 0:21 | 277 7




SLUG TEST FIELD FQORM

WELL # 84-3

# | TIME|DEPTH | STATIC # | TME [oEPTH|STATIC
T0 | MINUS To  |MINUS
WATER | TEST WATER|TEST
3 | o:29|271.5 | 1.5
4 |o0:39]| 270 | 0
RemovinG sLug
0:00) 270 | 0
1 | 0:18| 276.5| 6.5
2 | 0:28] 274.5| 4.5
3 |o0:3a| 27a| 4
s |oa| a3 3
5 | 0:48| 2713 | 3
6 | 0:58| 272.5| 2.5
7 1 1:10] 271.5] 15
8 | 1:20] 271 | 1
9 |1:30| 2711 | 1
10 | 1:40] 272 | 2
11 | 1:50 | 271.5] 1.5
12| 2:00 | 271.5| 1.5
13 | 2:20] 211 | 1
14 | 2:40| o1 | 1
15 | 3:00] oann | 1
16 | 3:30 ) 270.5] .5
4:00 | 270.5| .5




SITE Western Processing

SLUG TEST FIELD FORM
Date 2/12/85

Investigator C. Eddy

M. Lilga

Borehole # 84-4A

Page 1 of _3

Radius of borehole 10 cm

Radius of casing 2 €M

Depth of well 762 cm

Length of screen 152 cm

Reference point for

water level measurments Top of PVC

Casing

Elevation NA

Static water level 268 cm

Static water level elevation NA

Ground surface elevation NA

Slug volume 330 cu. in. /5408 cm3

Anticipated displacement 66 cm

Remarks:

I /77777777 777777
m?‘lc [
f ! A
H
2Ry =
e e— T

—eeeee

e ™




Page 2 of 3

WELL # 84-4A
SLUG TEST FIELD FORM
# | TIME|DEPTH | STATIC # | TIME |DEPTHISTATIC
T0 MINUS TO [MINUS
WATER | TEST WATER(TEST
INITIAL WATER|LEVEL
1 {0:00 268 0
2 {0:10 | 255 13 8 | 1:357269.5| 1.5
3 |o:20 267 1 9 | 1:50 {269.5| 1.5
4 10:35 268 0 10 | 2:00 | 269 | 1
5 |1:00| 266 2 11 | 2:15| 269 | 1
6 | 1:15| 266 2 12 1 2:30 | 269 | 1
Z [ 1:351 266.5] 1.5 13 | 3:00 | 269 | 1
8 1.45 | 267 1 14 3-30 | 2f9 1
9 | 1:55 | 267 1 15 | 4:15 |268.5| .5
10 | 2:05 | 267 1 16 | 5:00 | 268 | 0
11 | 2:15 | 267 1 DROPPILG SLUG
12 | 2:30 | 267 1 1 | 0:30 [263.5| 4.5
13 | 2:45 | 267 1 2 | 0:40 | 263 | 5
14 | 3:30 | 267 1 3 | 0:50 |264.5| 3.5
REMOV'NQ SLUG 4 1:00] 265 | 3
1 |0:22 | 287 19 5 1:10|265.5| 2.5
2 |0:35 | 277.5] 9.5 6 1:20/265.5| 2.5
3. 1.0:46 | 274 6 7 1:40| 266 | 2
4 |o0:55 | 273 5 8 1:50] 267 | 1
5 |1:05 | 271.5| 3.5 9 2:05(267.5| s
6 | 1:15 1 270.5] 2.5 10 2:25|267.5| .5
7 |1:25 | 270 2 11 3:00] 267 | 1




Page 3 of 3

WELL # _84-4A
SLUG TEST FIELD FORM
# | TIME|DEPTH STATIC # TIME |DEPTH)STATIC
T0 MINUS To |MINUS
WATER TEST WATER|TEST

121 3:301 267.5 .5
13| 4:00 | 268 0

REMOVING SLUG

0:00 268 0
1 1:05 274 6
2 1:20 269 1
3 1:45 | 269.5| 1.5
4 2:00 269 1
5 2:15 269 1
6 2:35 268 0




SITE Western Processing

Date 2/12/85

Investigator C. Eddy

Page 1 of 4

SLUG TEST FIELD FORM

M. 1lilga

Borehole # 84-48

Radius of borehole 10 cm

7777777777 7777
Radius of casing 5 cm .
Depth of well 1524 cm it 2T
Length of screen 152 cm 1 )
Reference point for | =
water level measurments Top of PVC
Casing 2
Elevation np
Static water level 269 cm Hu——ib
Static water level elevation NA
'Ground surface elevation NA — T
Slug volume 330 cy. in./5408 cm3 | E L
Anticipated displacement 66_cm EEEEEEEEE%___L_
Remarks: “Fijzzing" noise noted in well during first part

of slug test.




Page 2 of 4

WELL # 84-4B
SLUG TEST FIELD FORH
# | TIME|DEPTH | STATIC # | TIME |DEPTH|STATIC
T0 MINUS To [MINUS
WATER TEST WATER|TEST
TNITIAL WATER[LEVEL
1] 0:00 | 269 0 23 | 6:00 | 224 | 45
2| 0:08 205 64 24 | 6:20 | 225 | 44
3| 0:20| 208 61 25 | 6:40 |225.5| 43.5
4| 0:351 209 60 26 | 7:00 | 226 | 43
5| 0:45 | 210 59 27 | 7:30 | 227 | 42
6 | 0:55| 211 58 28 | 8:00 [228.5| 40.5
7] 1:10| 212 57 29 | 8:35 [228.5| 40.5
8| 1:25 | 212 57 30 | 9:00 | 230 | 39
9 | 1:40 | 213 56 31 | 9:45 | 231 | 38
10 | 1:50 | 213.5| 55.5 32_110:30 | 232 | 37
11 | 2:00| 213.5| 55.5 33 {11:15 | 233 | 36
12 | 2:15| 214.5| 54.5 3¢ |12:00 |234.5| 34.5
13 | 2:30 | 215 54 35 |13:00 | 236 | 33
14 | 2:45 | 215 54 36 |14:10 |237.5| 31.5
15 | 3:00 | 216.5| 52.5 37 | 15:15 | 239 | 30
16 | 3:30 | 217.5 | 51.8 38 |16:30 | 240.5| 28.5
17 | 3:50 {218.5 | 50.5 39 |18:00 | 242.5| 26.5
18 1 4:15 | 220 49 40 119:30 | 245 | 24
19| 4.40 | 221 48 41 121:00 | 246 | 23
20 | 5:00 | 221.5| 47.5 42 |23:00 | 248 | 21
_2l 1 5:20 | 222 47 43 125:00 | 249 | .20
22| 5:40 | 223 46 44 | 27:45 | 251 | 18




Page 3 of 4

_ WELL # g4_4p
i SLUG TEST FIELD FORM
) # | TINE[DEPTH | STATIC # | TIME |DEPTH|STATIC
10 MINUS 70 [MINUS
WATER | TEST WATER|TEST
- 45 | 30:09 252.5| 16.5 67 | 2:35) 310 | 41
_ 46 | 33:0q 255 | 14 68 | 2:50 |308.5 39.5
B 47 | 36:00 256 | 13 69 | 3:00 |307.5 38.5
) 48 | 40:00 258 | 11 70 | 3:15| 306 | 37
49 | 45:00 260 | 9 71 | 3:30| 304 | 35
50 | 50:00{ 261.5{ 7.5 72 | 3:45| 303 | 34
51 [1:00:0D 264 | 5 73 | 4:00 |301.5] 32.5
52 |1:10:0p 266.5| 2.5 74 | 4:20 | 300 | 31
53 [1:20:0p 268 | 1 75 | 4:40 | 298 | 29
- REMOVING SLUG 76 | 5:00 ) 296 | 27
54| 0:00] 269 | O
55 | 0:10 | 327 | 58 77 | 5:30 | 294 | 25
55 | 0:15 | 328 | 59 78 | 6:00 | 292 | 23
57 | 0:30 | 326 | 57 79 | 6:30 | 290 | 21
56 | 0:40 | 324 | 55 80 | 7:00 | 289 | 20
59 | 0:50 | 323 | 54 81 | 8:00 |285.5] 16.5
60 | 1:00 | 321.5] 52.5 82 | 9:00 | 282 | 13
- 61 | 1:10 | 320 | 51 83 |10:00 | 280 | 11
_ 62 | 1:20 | 319.5| 5C.5 84 |11:00 | 278 | 9
63 | 1:35 | 317 | 48 85 |12:00 | 277 | 8
64 | 1:45 | 316 | 47 86 |14:00 [274.5| 5.5
65 | 2:00 | 314.5| 45.5 87 |16:00 |272.5| 3.5
66 | 2:20 | 310.5| 41.5 88 |18:00 |271.5| 2.5




Page 4_ of &

WELL # 84-4B
SLUG TEST FIELD FORM
# | TivE|pEPTH | STATIC # | TIME |DEPTH|STATIC
TO MINUS To |MINUS
WATER TEST WATER|TEST

89 |20:00] 270 1
90 | 22:00| 270 1
91 | 25:20| 270 1
92 | 28:00| 270 1
93 | 32:00] 270 1

33 mirutes is| 3:49 p.n.

94 {1:10:0Q9 271 |[at 4:26|p.m.




Page 1 of 3

SITE _Western Processing

SLUG TEST FIELD FORM

Date _2/12/85

Investigator C. Eddy

M. Lilga

Borehole # 84-5A

Radius of borehole 10 cm

F[l77 70777
Radius of casing _ 5 cm

L

TI¢

Depth of well _ 762 cm

Length of screen 152 cm

Reference point for
water level measurments Top of PVC

Casing

Elevation NA

Static water level 241 cm

24—

Statié water level elevation NA

Ground surface elevation NA

Slug volume _ 330 cu. in. /5408 cm3

’ !

Anticipated displacement 66 cm

il

'III 4

2R ——>1

Remarks:



Page 2 of 3

WELL # 84-5A
SLUG TEST FIELD FORM
# | Tive|oepTH | sTATIC # | TiMe [DEPTH|STATIC
T0 MINUS 10 [MINUS
WATER TEST ATERITEST
INIT]AL WATHR LEVEL
1 |o:00 | 241 0 23 | 6:45 |220.5| 20.5
2 lo:12 | 201 | a0 24 | 7:30 | 221 | 20
3 |o:27 | 197 | a4 25 | 8:15 |222.5] 18.5
4 |0:39 | 202 | 39 26 | 9:00 | 223 | 18
5 10:51 | 202.9 38.5 27 110:00 | 225 | 16
6 |1:05 | 204 | 37 28 |11:00 | 227 | 14
7 |1:15 | 204.5 36.5 29 |12:30 | 228 | 13
8 |1:25 | 205 | 36 30 |14:00 [229.5] 11.5
9 |1:35 | 206 | 35 31 |15:30 |231.5| 9.5
10 |1:45 | 206.5] 34.5 32 l17:00 | 232 | 9
11 |2:00 | 207 | 3a 33 |18:30 | 233 | 8
12 |2:15 | 208 | 33 34 |20:00 | 234 | 7
13 [2:30 | 209 | 32 35 [22:00 | 236 | 5
14 |2:45 | 210 | 31 36 |24:00 [237.5| 3.5
15 [3:00 | 211 | 30 37 |27:00 | 238 | 3
16 |3:20 | 212.5| 28.5 38 |30:00 | 239 | 2
17 |3:40 | 213 | 28 39 {35:00 | 241 | 0
18 |4:00 | 214 | 27 REMOVING SLUG
19 |4:30 | 215 | 26 1 0:05{ 303 | 62
20 |5:00 | 216 | 25 2 0:14] 301 | 60
21 |5:30 | 217 | 24 3 0:22 ]300 | 59
22 |6:00 | 218 | 23 4 033 | 297 | =54




Page 2 of 2

WELL # 84-54
SLUG TEST FIELD FORM ‘
# TINME |DEPTH | STATIC # TIME |DEPTHSTATIC
T0 MINUS To [MINUS
WATER TEST WATER|TEST
5 0:44 295 54 27 {10:00 | 254 13
6 0:50 294 53 28 11:09 253 12
7 1:10 292 51 29 |12:00 [251.5/ 10.5
8 1:20 290 49 30 |{13:30 |249.5; 8.5
9 1:40 288 47 31 |15:00 | 247 6
10 1:50 286 45 32 |17:00 | 246 5
11 2:05 285 44 33 [19:00 | 245 4
12 2:15 .’284 43 34 |22:00 | 244 3
13 2:30 282 41 35 |25:00 | 243 2
14 2:45 | 280.5| 39.5 37 129:00 | 242 1
15 3:00 279 38 38 133:07 | 241 0
16 3:20 277 36
17 3:40 275 34
18 4:00 | 273.5| 32.5
19 | 4:30 | 271.5| 30.5
20 5:00 | 269.5| 28.5
21 5:30 | 267.5] 26.5
22| 6:00 | 265.5| 24.5
23 6:45 | 262.5| 21.5
24 7:30 260 19
E§ 8:15 259 18
26 9:02§ 257 16




) Page 1 of 2
SITE _Western Processing Ea—

SLUG TEST FIELD FORM
Date _2/13/85

Investigator __ C. Eddy

M. Lilga

Borehole # 84-5B

Radius of borehole 10 cm
1777777777 Ve
Radius of casing 5 cm
Depth of well 1524 cm T L STBTTC 7‘
Length of screen 152 cm 1
Reference point for =
water level measurments Top of PVC
Casing 2 A
Elevation NA
Static water level 259.5 cm » | H
. bt
Static water level elevation NA
Ground surface elevation NA T |
Slug volume 330 cu. in. /5408 cm3 E L |
Anticipated displacement 66 cm e —— l ‘
Lr——ﬁ |
|
'

Remarks:



Paqe_?_of_z_

WELL # _ 84-58
* SLUG TEST FIELD FORM
T pepTH | STATIC 4 | TIME |DEPTH[STATIC
10 MINUS 10 [MINUS
WATER | TEST WATERITEST
WATERICEVEL INCREASES .
0:00 | 259.5| 0 DROPPING SLUG
0:16 | 263.5| 4 1 | 0:02 | 256 | 3.5
0:25 | 259.5 2 | o012 {277 | V-3
0:35 | 259 | -.5 3 | 0:19 | 261 | 1.5
0:49 | 259 | -.5 s | 0:27 | 260 | .5
1:-5 | 259.5| o0 5 | 0:33 |259.5| o0
REMOV [NG SLUG 6 | 0:41 |259.5] 0
0:0¢ | 259 | .5 REMOVING SLUG
0:20 | 259.5!| o 1 | o0:12 | 260 | .5
0:50 | 259.5| 0 2 | 0:22 {259.5] o
DROPPING SLUG 3 | 0:30 |259.5] o
0:10 | 306 | 464.5 s | 0:36 |259.5| o
WATER LEVEL
0:18 | 262 | 3.5 | INCREASES | 5 | 0:45 |259.5| o
0:30 | 259.5| o 6 | 0:53 |259.5! o
0:45 | 259.5| 0 7 | 1:02 |259.5] o
1:01 | 259.5| 0
REMOVING SLUG
0:12 | 261 | 1.5
0:19 | 260 | .5
0:25 | 259.5| 0
0:35 | 259.5| 0
1:10 | 259.5] o0




APPENDIX B

PLOTS USED TO CALCULATE HYDRAULIC
CONDUCTIVITY FROM SLUG TESTS



For the EPA Wells:

Length of Screen = 91 cm
Borehole Radius = 10 cm
Well Radius = 5 cm

A* = 1.8

B* = 0.2

"

For the Dames and Moore Wells:

Length of Screen = 152 cm
Borehole Radius = 10 cm
-Well Radius = 5 cm

A* = 2.0

B* = 0.2

From Bouwer and Rice (1976).



WELL 1A —-- DROPPING SLUG (1]

&
=
Hydraulic Conductivity = 3 x 1073 em/sec
Height of Water Column = 181 cm
- YO = 29 cm
i Y=1c¢m
t = 205 sec
-O—
ﬁ-
0 ]
&
= -
L
z -
=
= -
3
&)
E .
>
(-]
(@]
.
- = 3|
T
o
- T i I v i ]
0.00 150.88 301.75 452,63 603.50 754.38 90S.35 1056.13

TIME IN SECONDS



WELL 1A -— REMOVING SLUG (1)

(L}
2
- Hydraulic Conductivity = 8 x 1074 cm/sec
- Height of Water Column = 181 cm
- YO = 15 ¢cm
R Y=5c¢cm
t = 255 sec
-
]
o
m .
(7%
[
()
Z -
L ]
=
= -
(7%
(&
E -
>
o
O
S
- \
i <1
4
T
o
-4 L} i i ] i
0.0 127.5 255.0 382.5 510.0 637.5 785.0 g8s2.5

TIME IN SECONDS



WELL 1A -— DROPPING SLUG (2]

k=
HydrauTic Conductivity = 1 x 1073 cm/sec
Height of Water Column = 181 cm
- YO = 21 ¢m
- Y=1c¢m
t = 469 sec
|
=X
o |
[75 I = =
£~
(o
E =
)
= -
(7%
o
=z
o]
©
Iy
(an)
-—t i i T T 1 ) I
0.0 337.5 675.0 1012.5 1350.0 1687.5 2025.0

TIME IN SECONDS

23862.5



WELL 1B —— DROPPING SLUG (1)

\

[, ]
Q
-t o -4
Hydraulic Conductivity = 8 x 10 ~ cm/sec
Height of Water Column = 699 cm
YO = 59 ¢m
A Y =10 cm
t = 532 sec
o
”-
o
o
L
—~
[
E -
B
=z J
75|
o
E -
=i
Q
9..
i
T
o
-—t . RS ] i 1 ] T
0.0 217.5 435.0 652.5 870.0 1087.5 1305.0

TIME IN SECONDS

152258



Y IN CENTIMETERS ’ .
10 10

10°

10™

WELL 17A —— REMOVING SLUG (1)

Hydraulic Conductivity = 2 x 1074 cm/sec
Height of Water Column = 313 cm
i YO = 65 ¢m
4 Y = 30 cm
t = 736 sec
-
1 ] 1 | \
0.0 375.0 750.0 1125.0 1500.0 1875.0  2250.0

TIME IN SECONDS

)



WELL 17R —— DROPPING SLUG (1)

©
4
Hydraulic Conductivity = 1 x 1073 cm/sec
Height of Water Column = 313 cm
YO = 60 cm
Y=2cm
t = 723 sec
7
a.
o]
o
L3
B
[
E =
)
=z dJ
(7%
o
=
S
o
Ea_ B5— £]
.
(=)
— T T 1 NS 3 i
0.0 382.5 765.0 1147.5 1530.0 1812.5 2285.0 2677.5

TIME IN SECONDS



WELL 84-1B -- DROPPING SLUG (1)

=
3 Hydraulic Conductivity = 3 x 1072 cm/sec
. Height of Water Column = 1,263 cm
i YO = 26 cm
Y=1cm
] t =24 cm

10'
|

| T T |

1

Y IN GENTIMETERS

.10°

107

0.000 61.375 122750  184.125  245.500  36.875  368.250
TIME IN SECONDS

428.825



Y IN CENTIMETERS 1
10 10°

10°

10™

WELL 84-

1B —— DROPPING SLUG (2]

- Hydraulic Conductivity = 2 x 10 2 cm/sec
- Height of Water Column = 1,263 cm
- Y0 = 13.5 cm
] Y=1.0cm
t = 21 sec

]

—T ! a_\ T = T T
0.000 15.875 31.750 47.625 63.500 78.375 §5.250 111,128

TIME IN SECONOS



WELL 84-1B -— REMOVING SLUG (2]

k=
i Hydraulic Conductivity = 1 x 10°° cm/sec
4 Height of Water Column = 1,263 cm
i YO = 3.0 cm
Y = 0.5 ¢cm
N t = 35 sec
[y
“O_
—‘- -
o
o
L
=
7|
z -
—t
B
=
tJ
&}
=
>
—a— = g
i J I T T 1 T
0.000 35.625 71.250 106.875 142,500 178.125 213.750 243,375

TIME IN SECONDS



WELL 84-2 —— DROPPING SLUG (1)

é,
Hydraulic Conductivity = 1 x 1073 cm/sec
Height of Water Column = 1,318 cm
YO = 57 cm
Y=2cm
7 t = 623 sec
—9-
o
4
L
=
&
z -
—
-
= —
[7%5]
[
=z
— N
>
Q
Ea_
i
<
1
4
-
|o %
-— 1 T 13 1 1B T
0.0 135.0 270.0 405.0 540.0 675.0 810.0 845.0

TIME IN SECONDS



WELL

84-2 —— REMOVING SLUG (1)

10'

Hydraulic Conductivity = 8 x 107% cm/sec

Height of Water Column = 1,318 cm
YO = 55 cm
Y = 10 cm
t = 386 sec

Y IN CENTIMETERS

10°
1

Lt 1 1

10™

c.0

)
260.0

39b.0 525;0 650.0 750.0 810.0
TIME IN SECONDS



WELL 84-3 -— REMOVING SLUG (1)

©
— . . . =2
i Hydraulic Conductivity = 1 x 10 © cm/sec
i Height of Water Column = 1,315 cm
i YO = 18 cm
Y=1cm
. t =53 cm
4
-.O_
.-.-1
o
o
W
X}
E -
)
= -
tJd
(&
=
>
©
——t
.
DA ,
9 T T T T 1 L —¥
0.0 20.0 40.0 60.0 80.0 100.0 120.0 140.0

TIME IN SECONDS



WELL 84-3 -— REMOVING SLUB (2)

B
T -3
- Hydraulic Conductivity = 9 x 10 ~ cm/sec
- Height of Water Column = 1,315 cm
- YO = 16 ¢cm
Y=1cm
T t = 60 sec
“O-
-y
4
0
o
W
I
[
Z -
g
B~
Z -
7%
(&
Z
—
>t
[ -]
o
ﬁ‘
-
1
ﬁ
-
T
o
- ! 1 T T T ™
0.0 22.5 45.0 67.5 90.0 112.5 135.0

TIME IN SECONDS



WELL 84-3 — REMOVING SLUG (3)

©
'-.- T o . . -3
N Hydraulic Conductivity = 4 x 10~ cm/sec
Height of Water Column = 1,315 cm
] YO = 6.5 ¢cm
] Y = 1.0 cm
7 t = 93 sec
w
(=0
3
o 1
o d
B4
L
z -y
—
B~
=
(2%
(&
=z
>
Q
9 o, 5
K
-
<
4
-
by
o
- |} i I L U ]
0.0 30.0 60.0 90.0 120.0 150.0 180.0

TIME IN SECONDS

210.0



WELL 84-4A —-- DROPPING SLUG (1)

k=
N Hydraulic Conductivity = 4 x 1072 cm/sec
Height of Water Column = 555 cm
i YO = 13 cm
) Y = 0.1 cm
N t = 20 sec
q
1
o
o
%]
B~
%]
=
-
P
tJ
(&
=z
Lo ]
)
B —= £
T
o
-— T I T T ] 1
0.00 25.25 S2.50 78.75 105.00 131.25 157,50 183.75

TIME IN SECONDS



WELL 84-4A -- REMOVING SLUG (1)

TIME IN SECONDS

k=
] Hydraulic Conductivity = 5 x 1073 cm/sec
- Height of Water Column = 555 cm
- YO = 19 cm
Y=1.0cm
7 t = 98 sec
=R
“-
I
o
L
=
3
z -
[ |
fr
z -
d
S
z -
oy
>
© 5—=a S
"
i
-1
T
()
—t L} 1 I i | i
0.0 37.5 75.0 112.5 150.0 187.5 25.0

382.8



WELL 84-4B -- DROPPING SLUG (1)

%3_
Hydraulic Conductivity = 2 x 107% cm/sec
Height of Water Column = 1,316 cm
YO = 60 cm
R Y =10 cm
t = 2,200 sec
-
[=
L -
L
=
X
z -
| o
z -
%%
&)
<
>
o
O |
-1
T
O
L] LN |3 1 ] 1§ i
.0 600.0 1230.0 1800.0 2430.0 3003.0 3530.0

TIME IN SECONDS

4200.0



WELL 84-4B -- REMOVING SLUG (1}

Hydraulic Conductivity = 5 x 1074 cm/sec
Height of Water Column = 1,316 cm
YO = 60 cm
Y =10 cm
t = 613 sec
o ] |
o
m -
=
L
: -
—
£~
>
75|
&
EE -
>
Q
9‘
T
o
- U T T T T T
0.0 525.0 1050.0 1575.0 2100.0 2625.0 3150.,0 3875.0

TIME IN SECONDS




'WELL 84-5R —- DROPPING SLUB (1)

10°

Hydraulic Conductivity -
Height of Water Column
YO

Y

t

Y IN CENTIMETERS o
0

10°

10"

3 x 1074 cm/sec
582 cm
40 cm
10 cm

802 sec

0.0

262.5

525.0 787.5 1050.0 1312.5
TIME IN SECONDS

—
1875.0

1837.5



WELL 84-5A -- REMOVING SLUG (1)

T
Hydraulic Conductivity = 5 x 107% cm/sec
Height of Water Column = 582 cm
- Y0 = 60 cm
< Y=3cm
t = 1,086 sec
-‘9-
-
1 -
n
o -l
m -
=
2%
z -
[ |
)
=z
[7%]
o
Zz
—y
p
Qo
o
- -1
ﬂ
T
o
vy 1 I 1 0 4 ]
0.0 247.5 455.0 742.5 850.0 1237.5 1485.0

TIME IN SECONDS

1732.5



WELL 84-5B -- REMOVING SLUG (1}

©
N '-0-
N Hydraulic Conductivity = 3 x 10'2 cm/sec
N Height of Water Column = 1,325 cm
7 YO = 0.5 cm
= Y =0.1cm
i t =9 sec
“9‘_
-
g B '
o
L
£
[
E -
-,
=
[7%|
(&
=
ey
>
(-]
=8
.1
-
. \
\\
?c) x
-~i i i ﬂ 1 T T
0.00 6.25 12.50 18.75 .00 31.25 37.50 43.75

TIME IN SECONDS



WELL 84-5B -- DROPPING SLUG (2)

Y IN CENTIMETERS ‘
10 10?

10°

10"

TIME IN SECONDS

- Hydraulic Conductivity = 6 x 1072 cm/sec
- Height of Water Column = 1,325 cm
- YO = 47 cm
Y =0.1cm
t = 18 sec
=T~ ™ =T - ] i
0.000  7.625 15.250 22.975 30.500 38.125 45.750 53,375



APPENDIX D
CALCULATION OF LEACH DURATION AND AMOUNT FROM SOURCE AREAS

Three sources of TCE have been identified at the Western Processing Site
based on the concentration levels measured in the soil and water. These
three sources are: Reaction Pond I; Reaction Pond III; and the area around
Well 21. A known disposal site is not located in the vacinity of Well 21,
but the high concentrations of TCE in soil and water samples from Well 21
indicate that disposal occurred in this area. Calculations were made to
estimate the mass of TCE present in the unsaturated zone (both in soil and
water) of these three locations based on 1982 soil concentration measurements
(EPA, 1982). These mass estimates were then used to estimate the time
required'for TCE to completely leach out of the unsaturated zone into the
saturated zone. Time of leach calculations were based on the average annual
recharge at the site (8 in./yr - Appendix A). The results of these
caluclations were used to determine the number of years past 1982 to keep the
sources active in the model, and to estimate the source strength for each
time step simulated.

SOURCE AREA DATA

The data used to estimate the mass of TCE in the unsaturated zone of

each source area are summarized below.

Reaction Pond I

The total volume of contaminated unsaturated soil at Reaction Pond I was
estimated to be 46,250 ft3. This number is based on a surface area of 9,250
£t2 and an average depth of unsaturated contaminated soil of 5 ft. The
surface area is the actual area associated with Reaction Pond I. The average
depth of contaminated soil was estimated from the soil sampling .depths and
concentrations reported in Table D-1. The TCE concentration in the soil was
estimated to be 600,000 ppb based on the measured soil concentrations from

Wells 15 and 17 (Table D-1). In order to represent a worst case, the



concentration was estimated to be about the maximum observed soil
concentration and was assumed to be uniform over the area of the disposal
Site.

Table D-1. TCE Soil Concentrations Near Reaction Pond I

Soil Concentration (ppb)
Depth (ft) Well 15 Well 17

3 U U
6 580,000 558,000
9 180,000 350,000

U = Not Detected

Reaction Pond 111

The total volume of contaminated unsaturated soil at Reaction Pond III
was estimated to be 35,650 ft3. This number is based on a surface area of
7,125 ftgzand an average depth of contaminated soil of 5 ft. The surface
area is the actual area associated with Reaction Pond III. The average depth
of contaminated soil was estimated from the soil sampling depths and
concentrations reported in Table D-2. The TCE concentration in the soil was
estimated to be 700 ppb based on the measured soil concentrations from
Well 20 (Table D-2). In order to represent a worst case, the concentration
was estimated to be about the maximum observed soil concentration and was
assumed to be uniform over the area of the disposal site.

Table D-2. TCE Soil Concentrations Near Reaction Pond III

Soil Concentration (ppb)

Depth (ft) Well 20
3 U
M
676
12 544

Not Detected

Present but below minimum quantifiable limit.

=
1]

1"



Area Around Well 21

The total volume of contaminated unsaturated soil in the area around
Well 21 was difficult to estimate because this area is not a known disposal

area. Therefore, the volume was assumed to be the same as that of Reaction
Pond II1, 35,650 £t3.  This volume is based on the same surface area and
average depth as those used for Reaction Pond III. The TCE concentration in
the soil was estimated to be 1,600 ppb based on the measured soil
concentration from Well 21 (Table D-3).

Table D-3. TCE Soil Concentrations Near Well 21 Source

Soil Concentration (ppb)

Depth (ft) Well 21
3 U
U
116
B 12 1,520

U = Not Detected

CALCULATION OF SOURCE AREA MASS

The calculations of mass in the unsaturated zone for each of the three

source locations are presented below.
For all source areas, the actual and effective porosities of the

unsaturated material were set at 0.25 and 0.15, respectively. The
distribution coefficient (Kd) and retardation factor for sorption of TCE on
the unsaturated soils at all source locations were set at 0.2 and 4.0,

respectively.
The equation used to calculate the mass of TCE at each source location

is:

Massc.p = {mass in soil} + {mass in water}

= (1 - 8)(Co)(VoT () (vg) + (8)(C,)(VoT ) (y,) (0-1)

Where:



MassTCE = total mass of TCE in the soil (1b)
Oy = actual water porosity

O = effective porosity

C. = TCE concentration (ppb) in the soil
Vol_ = total volume of unsaturated soil (ft3)

Ys = density of the soil (1b/ft3)

C, = TCE concentration (ppb) in the water {Cw = K% (CS)}

Yy = density of the water (1b/ft3)

The density of the soil was calculated as:

Yo = (1 - g)(y) = 121.5 1o/ft?

where:

9y = actual porosity (0.25)
y = dry density of sand (162 1b/ft)

The TCE soil concentrations were determined based on measured soil
concentrations in the unsaturated zone at wells around the source areas. The
TCE water concentrations were estimated to be five times greater than the
soil concentrations based on an distribution coefficient (Kd) of 0.2. The
ppb notation is equivalent to 1b/109 1b in the total mass calculation.

Reaction Pond I

Based on the data in Table D-4, the total mass of TCE in the unsaturated
zone at Reaction Pond I was calculated to be 3,830 1b. The total mass in the
soil and water was calculated to be 2,530 1b and 1,300 1b, respectively.



Table D-4. Summary of Data Used to Make Total Mass Calculations
at all Three Source Locations

Reaction Pond I  Reaction Pond III  Well 21

o 0.15 0.15 0.15
eA 0.25 0.25 0.25
s (ppb) 600,000 700 1,600
(ppb) 3,000,000 3,500 8,000
Vol s (ft %) 46,250 35,650 35,650
Yg (1b/ft3) 121.5 121.5 121.5
Yy v (1b/£t3) 62.4 62.5 121.5
Kd 0.2 0.2 0.2

Reaction Pond III

Based on the data in Table D-4, the total mass of TCE in the unsaturated
zone at Reaction Pond III was calculated to be 3.5 1b. The total mass in the
soil and _water were calculated to be 2.3 1b and 1.2 1b, respectively.

Around Well 21

Based on the data in Table D-4, the total mass of TCE in the unsaturated
zone around Well 21 was calculated to be 7.9 1b. 'The total mass in the soil
and water were calculated to be 5.2 1b and 2.7 1b, respectively.

The estimated total mass of TCE present in the unsaturated zone (based
on October 1982 soil analyses) at the three suspected source areas is
summarized in Table D-5.

Table D-5. Summary of Estimated Total Mass of TCE Present
at the Three Suspected Source Areas

Mass of TCE (1b)
In Soil In Water Total

Reaction Pond I 2,530 1,300 3,830
Reaction Pond III 2.3 1.2 3.5
Around Well 21 5.2 2.7 7.9



LEACH DURATION AND AMOUNT FROM SOURCE LOCATIGONS

The preceeding calculations show that Reaction Pond I is the only source
location which contains a significant quantity of TCE in the unsaturated
zone. Therefore, calculations to determine the time required for TCE to
leach out of the unsaturated zone (duration), and the amount that would leach
out each year were only made for Reaction Pond I. This information was used
in the modeling to determine the length of time into the future to keep
Reaction Pond I active, and the quantity of TCE to leach from the unsaturated
to the saturated zone at each time step.

--Reaction Pond [

The leach duration and amount <calculations were based on the
concentration of TCE in the water of the unsaturated zone and the rate of
water movement through the unsaturated zone from annual recharge. Equation
D-1 can be used to calculate the TCE concentration in the water (Cw) based on
the total mass of TCE remaining in the system at any given point in time.
For convéﬁience, the equation can be rewritten as follows:

MassTCE

Cw = VoT . "[Kd (1 - 6] v, * & w,J (D-2)

The volume of water (Vo1w) moving through the unsaturated zone from the

average annual recharge was calculated as follows:
Vol, = Rhg x A = 6,167 ft/yr
where

Rhg = average annual recharge (0.67 ft/yr - see Appendix A)
A = area of Reaction Pond I (9,250 ftz)

This number was converted to a mass of water (Massw) passing through the

unsaturated system so the units are consistent.

Mass, = Vol, x Yy = 384,800 1b/yr



