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Executive Summary 

Groundwater modeling was performed in support of the Hanford Carbon Tetrachloride 
Innovative Treatment Remediation Demonstration (ITRD) Program. The ITRD program is 
facilitated by Sandia National Laboratories for the Department of Energy (DOE) Office of 
Science and Technology. This report was prepared to document the results of the modeling 
effort and facilitate discussion of characterization and remediation options for the carbon 
tetrachloride (CT) plume among the ITRD participants. 

As a first step toward implementation of innovative technologies for remediation of the CT 
plume underlying the 200 West Area, modeling was performed to provide an indication of the 
potential impact of the CT source on the compliance boundary approximately 5000 m away. The 
primary objective of the modeling was to bracket the amount of CT source that will most likely 
result in compliance/non-compliance at the boundary and the relative influence of the various 
model input parameters. 

The modeling was based on the assumption that about 750,000 kg of CT were discharged to 
the soil in the 200 West Area. Previous work has shown that, of this 750,000 kg, about 65% 
cannot be accounted for ( after totaling atmospheric losses [21 % ] ; unsaturated zone inventory in 
soil gas, soil moisture, and adsorbed phases [12%]; and the dissolved phase in the aquifer [2%]). 
Therefore, model simulations were performed using 65%, 30%, 10%, and 1% of the 750,000 kg 
as possible source amounts of CT that could reach the groundwater (approximately 1 to 2% of 
the original CT inventory now exists in the distal plume based on averaged CT groundwater 
measurements). The modeling simulations conducted for this study examine the migration of CT 
from the source area to the compliance boundary. The simulations did not examine migration of 
the existing distal plume and did not attempt to match the historical disposal and migration of CT 
(i.e. , did not attempt to reproduce the current CT plume distribution). 

Other model input parameters including the groundwater Darcy velocity; inlet concentration 
(the concentration of CT leaving the source area); porosity; soil/water equilibrium partition 
coefficient (:Ki); abiotic degradation rate (Ka); dispersivity; and stream tube cross-sectional area 
were also varied to assess sensitivity of the results to each of the parameters. 

The CT transport simulation was conservatively modeled as a stream tube 1000 m wide by 
5000 m long in one-dimensional flow (i.e., no vertical or transverse dispersivity or convection). 
Regional flow-modeling results using the Hanford Site-Wide Groundwater Model (SGM) flow 
grid provided groundwater velocity estimates for the simulation. The basic assumptions used in 
developing the model were as follows: 

• The major source of contamination is within a 500m x 500m box. 

• The contaminant plume was in equilibrium with the source immediately before pump­
and-treat efforts. 

• Processes considered in the model are one-dimensional convective-dispersive transport of 
reactive solutes subject to adsorption and first-order abiotic degradation (hydrolysis). 

• Volatilization and first-order natural biodegradation are negligible. 
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The one-dimensional van Genuchten model simulated convective-dispersive transport of CT 
through a homogenous medium along the centerline of the contaminant plume from the 200 
West source area to the compliance boundary, approximately 5000 m distant. One thousand 
Monte Carlo realizations were carried out. Fixed and deterministic parameters included the 
following: 

• Stream tube length: 5000 m 

• Base inventory of contaminant: 750,000 kg CT 

• Base porosity: 0.10 m3 /m3 

• Bulk density: 1950 kg/m3 

• Inlet concentration: 1500, 2000, 2500 or 3000 µg/L 

• Amount of source remaining: 1 %, 10%, 30%, or 65% 

• Groundwater Darcy velocity: mean, ±a, ±2a. 

Stochastic parameters varied by Monte Carlo methods included the following: 

• Porosity 

• Soil/water equilibrium partition coefficient ~ 

• Abiotic degradation rate Ka 

• Dispersivity 

• Stream tube cross-sectional area 

Parameter limits for Ka and ~ were determined by methods detailed in the report entitled 
Literature Review: Natural Attenuation Mechanisms and Rates for Chloromethane Subsurface 
Contamination at Hanford previously provided to the ITRD Technical Advisory Group and 
included as Appendix C to this report. Parameter limits for porosity and dispersivity were 
determined by geophysical methods and transport field studies. 

Simulations including transverse and vertical dispersion/dilution were conducted to deter­
mine how the one-dimensional modeling results could be interpreted to estimate the effect of a 
three-dimensional flow field. In 80% of these simulations, the concentration at the compliance 
boundary was reduced by a factor of greater than 5. In about 20% of these simulations, the 
concentration was reduced by a factor of greater than 10 with a maximum reduction factor of 
about 30. The results of these simulations were used to postulate that interpretations of one­
dimensional modeling results using a 50-µg/L boundary concentration limit provided a pseudo­
three-dimensional (ptd) estimate of CT transport at the higher end of the observed concentration 
reduction factor. This ptd estimate was used to provide a reasonable bound for the possible 
three-dimensional flow effects during transport of CT from the source area to the compliance 
boundary. CT concentration limits of 5 µg/L and 50 µg/L at the compliance boundary are used 
in the report. Note that the 50-µg/L compliance boundary concentration limit is solely a calcu­
lational construct to approximate a three-dimensional model, not a proposed change in the actual 
5-µg/L compliance concentration requirement. Selection of the 50-µg/L compliance boundary 
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concentration is based on using a factor of 10 correlation between one- and three-dimensional 
transport that was calculated based on the components of dispersion that are not accounted for in 
the one-dimensional model. 

The modeling produced 1000 Monte Carlo simulations that were analyzed to provide an 
estimate of the portion of the source area needing remediation. The simulations also provided a 
method for gauging sensitivity of predicted contaminant transport to variations in individual 
model parameters. 

The results of the Monte Carlo simulations were charted as histograms showing resultant 
distributions for 1000 modeling realizations using stochastic parameters. Simulation outputs 
include the following: 

• Required source cleanup percentage needed to meet compliance regulations 

• 

• 

• 

Source inlet rate 

Compliance boundary concentration 

Compliance boundary flux 

• Compliance boundary arrival times 

• Source duration 

• Arrival time of peak concentration 

• Positional concentration profile. 

The results show frequency distributions of the required source cleanup percentages for the 
Monte Carlo simulations (variations of transport parameters Ki, Ka, porosity, dispersivity and 
cross-sectional area) at the mean Darcy velocity and 3000 µg/L inlet-source concentration. The 
required source cleanup percentage for each simulation was calculated from the ratio of the 
maximum concentration at the compliance boundary to the selected compliance concentration. 
This calculation assumes that reducing the source quantity by this percentage would decrease the 
source concentration by this same percentage; thus the concentration at the compliance boundary 
would decrease by this percentage as well. The basis of this assumption is that by removing 
source within a portion of the defined source area volume so that this "cleaned up" portion now 
contributes only clean water within the source, the source is diluted. 

Figure ES-1 shows the results of the 1000 realizations at 10% of source inventory reaching 
the groundwater and indicates for over 60% of the simulations (i.e., different groupings of trans­
port parameter values) the 50-µg/L compliance concentration will be exceeded at the compliance 
boundary unless some CT is removed from the source area. Figure ES-2 shows the results of the 
1000 realizations for 1 % of the source inventory reaching the groundwater and indicates that, for 
over 70% of the simulations, the 50-µg/L compliance concentration will not be exceed without 
any CT source removal. 

The break point for cleanup percentages clearly lies between 1 % and 10% of source inven­
tory remaining. The input parameters in the simulation having the greatest effect on the results 
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appear to be porosity, Ki, and Ka; a multiple linear regression analysis of log maximum 
concentration at the boundary versus porosity, Ki, and Ka gave standardized regression 
coefficients of-0.145, -0.785, and-0.504, respectively, at 1 % inventory remaining and -0.187, 
-0.691, and -0.601, respectively, at 10% inventory. Thus, better definition of these parameters, 
primarily Ki, and Ka, would aid in refining the estimate of how much source requires treatment 
to avoid exceeding the compliance boundary concentration limit. 

Several conclusions can be drawn from the modeling, as follows: 

• If 1 % of the discharged CT is all that ever reaches the groundwater, then it is likely the 
highest concentration of CT to arrive at the compliance boundary will not exceed the 
compliance concentration. However, it is possible the compliance concentration would 
be exceeded if the actual site parameters correspond to the lower porosity, lower Ki, and 
lower Ka values used in this study. 

• If 10% or more of the discharged CT reaches the groundwater, it is likely that the 
concentration of CT eventually arriving at the compliance boundary will exceed the 
compliance concentration (unless source removal efforts are used). 

• There is a breakpoint between 1 % and 10% of the discharged inventory that defines the 
amount of CT in the source at which source removal would be required to avoid 
exceeding the compliance concentration at the compliance boundary. 

• Because source inventory remaining appears to be the quantity driving the amount of site 
cleanup required for compliance, source inventory characterization would be a milestone 
on the path forward to resolution of compliance issues. 

• Laboratory experiments and site surveys can be used to better quantify values for the 
parameters controlling compliance boundary concentrations: Ki, Ka and porosity; 
additional modeling, including use of a three-dimensional model, can then be performed 
using these improved values to give more accurate estimates of compliance boundary 
concentrations and source cleanup requirements. 
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1.0 Introduction 

Groundwater modeling was performed in support of the Hanford Carbon Tetrachloride 
Innovative Treatment Remediation Demonstration (ITRD) Program. This report documents the 
results of the modeling effort and facilitates discussion of characterization and remediation 
options for the carbon tetrachloride (CT) plume among the ITRD participants. 

Section 1.1 states the objectives of the study. Section 1.2 provides an overview of the CT 
plume, and Section 1.3 describes the Hanford CT ITRD program. 

1.1 Objectives 

The objectives of this modeling study were to predict CT concentrations at the selected 
compliance boundary, use these predictions to estimate the amount of source remediation needed 
to meet selected cleanup requirements, and identify the transport parameters having the greatest 
effect on these results. 

1.2 Hanford Carbon Tetrachloride Plume Summary 

In the 200 West Area at Hanford, CT was disposed to the soil at several sites adjacent to the 
Z Plant (Plutonium Finishing Plant) during operations from 1955 to 1973. The CT had been 
used in mixtures with other organics to recover plutonium from aqueous streams at Z Plant. The 
resultant organic liquid waste stream discharged to the disposal sites consisted primarily of CT in 
mixtures with tributyl phosphate, dibutyl butyl phosphate, and lard oil. 

The areal extent of the dissolved CT plume is approximately 10 km2
. Concentrations of 

dissolved CT detected in the groundwater have been estimated to account for approximately 2% 
of the original CT inventory. 

Previous work (Swanson et al, 1999) considered an order-of-magnitude estimate of the 1990 
inventory of CT remaining in the subsurface using available groundwater concentration data, 
soil-gas concentration data, and well venting data. For the rough-order-of-magnitude estimates, 
it was assumed that 750,000 kg of CT were discharged to the soil during 1955 to 1973. Total 
atmospheric losses were estimated to be 21 %; the unsaturated zone inventory (in soil gas, soil 
moisture, and adsorbed phases) accounted for 12%; and the dissolved phase in the aquifer was 
estimated at 2%, leaving 65% of the original CT volume unaccounted for. However, the 
estimates did not consider nonaqueous-phase liquid organic residual saturation in the unsaturated 
zone, perched organic liquid on low-permeability lenses, or separate organic liquid present 
within the unconfined aquifer. Any or all of these forms of concentrated CT may be present 
within the subsurface, although none has been observed. 
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1.3 Hanford Carbon Tetrachloride ITRD Program Overview 

Beginning in January 1999, the Technical Advisory Group (TAG) of the Hanford CT ITRD 
Program began a series of discussions regarding the potential application of remediation 
technologies at the CT site in the 200 West Area. The remediation technologies discussed 
included those for both the saturated zone and the unsaturated zone. However, during the 
discussions it became evident the selection of remediation technologies needs to be based on the 
type ofremediation (e.g., source removal from the saturated zone) and the extent to which the 
remediation needs to occur (i.e. , the level to which the CT concentration must be,reduced). To 
provide such information, the ITRD TAG determined that groundwater modeling (and site 
characterization) need to be performed. 

This report provides the approach (Section 2) and results (Section 3) of that modeling effort. 
The modeling was performed to provide an indication of the potential impact of the CT source 
on the compliance boundary approximately 5000 m distant. The primary results of the modeling 
bracket the amount of CT source that will most likely result in compliance/non-compliance at the 
boundary and the relative influence of the various modeling parameters, thus providing a basis 
for additional characterization and remediation needs to be addressed by the ITRD TAG. 

Section 4 expresses the conclusions reached as a result of the research. Cited references may 
be found in Section 5. Supporting documentation is provided in the Appendixes. 
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2.0 Approach 
The following overall approach was used to examine the transport of CT from the source 

area to the compliance boundary as a function of variation in CT source concentration and 
transport parameter values. A one-dimensional model was configured to estimate CT transport. 
Ranges for the value of transport parameters within the model (e.g., porosity, Ki) were 
determined from the literature and Hanford site data. The uncertainty in the concentration of CT 
in the source area was estimated based on geostatistical analysis of existing CT concentration 
data at the Hanford site. The parameter value ranges and source area CT concentration 
variability were used within a Monte Carlo approach where 1000 combinations of parameter 
values and CT concentration were simulated for selected cases of remaining source area 
inventory. Each transport simulation provided an estimate of the CT concentration at the 
compliance boundary over time. These estimated values were compared to the concentration 
limit selected by regulators for the compliance boundary to determine source cleanup 
requirements for each simulation. The entire set of simulations was used to determine the model 
parameters that had the greatest influence on the source cleanup requirements. 

2.1 Simulation Approach 

The CT transport simulation was conservatively modeled as a stream tube 1000 m wide by 
5000 m long in one-dimensional flow (no vertical or transverse dispersivity or convection). 
Regional flow-modeling results using the Hanford Site-Wide Groundwater Model (SGM) flow 
grid provided groundwater velocity estimates for the simulation (see Appendix A). The basic 
assumptions used in developing the model are the following: 

• The major source of contamination is within a 500 x 500-m box (see Figure 1). 

• The plume was in equilibrium with the source just prior to pump-and-treat efforts. 

• Processes considered in the model are one-dimensional convective-dispersive transport 
ofreactive solutes subject to adsorption and first-order abiotic degradation (hydrolysis). 

• Volatilization (Appendix B) and first-order biodegradation (Appendix C) are negligible. 

A one-dimensional van Genuchten (1974) model simulated convective-dispersive transport 
of CT through a homogenous medium along the centerline of the contaminant plume from the 
200 West source area to the compliance boundary approximately 5 km away (see Figure 2). One 
thousand Monte Carlo realizations were carried out. Fixed and deterministic parameters include: 

• Stream tube length: 5.0 km 

• Base inventory of contaminant: 750,000 kg CT 

• Base porosity: 0.10 m3/m3 
(a) 

• Bulk density: 1950 kg/m3 

• Inlet concentration: 1500, 2000, 2500 or 3000 µg/L. 

(a) The formation is bimodal with the large cobble-size fraction fully packed and the smaller-size fraction packed in 
the void space between the cobbles. The porosity is about 0.3 for the cobbles, and about 0.3 for the remaining void. 
Thus the total porosity is about 0.3 x 0.3 = 0.1. 
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• Amount of source remaining: 1 %, 10%, 30%, or 65% 

• Groundwater Darcy velocity: mean, ±o, ±2o . 
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Figure 1. Contamination "Box" 

Stochastic parameters varied by Monte Carlo methods include 

• 

• 

• 

• 

• 

porosity 

soil/water equilibrium partition coefficient ~ 

abiotic degradation rate Ka 

dispersivity 

stream tube cross-sectional area . 

2000 
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500 
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5 

0 

Parameter limits for Ka and ~ were determined by methods detailed in Appendix C. Parameter 
limits for porosity and dispersivity were determined respectively by geophysical methods and 
transport field studies. (Gelhar et al. 1985) 

An additional simulation of transverse and vertical dispersion/dilution was modeled using a 
transverse dispersivity ratio of 0.20 and a vertical dispersivity ratio of 0.02; the results of this 
simulation were used to postulate a 50-µg/L compliance boundary concentration limit to perform 
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pseudo-three-dimensional (ptd) simulations using the van Genuchten model. The 50 µg/L 
compliance boundary concentration limit is solely a calculational construct to give a realistic 
approximation of a three-dimensional model, not a proposed change in actual compliance 
concentration requirements. 

Carbon Tetrachloride Modeling Area 
( current transport grid) 

D Current 375 m Transport Grid 
---Area of Successive Grid Refinement to Represent Source Areas 
--- Compliance Boundary 
---Area of Held Concentration for Source Determination 
~ Carbon Tetrachloride Plume Contours 

Figure 2. Carbon Tetrachloride Modeling Area 

A summary of deterministic results serves to illustrate model performance, and the following 
tables and figures give details of simulation outputs. For these simulations, selected parameter 
values varied from low to high where the range of values was determined as described in 
Sections 2.3 .1 and 2.3.2. The low, middle, and high parameter values in the simulations corres­
pond to the minimum, most likely, and maximum values reported in these sections. The con­
centration of CT over time at the compliance boundary is presented in the figures to compare the 
effects of parameter variation on model output. 

A simulation employing no abiotic decay and no sorption gives a visualization of transport 
solely through groundwater flow and dispersion. In this simulation, only dispersivity was varied 
(Figure 3). As dispersivity is increased (1 b < 1 a < 1 c ), the concurrent change in both initial 
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concentration increase at the boundary and time to reach peak concentration reflects the faster 
transport times and smearing of concentration pulses with higher dispersivity. 
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Figure 3. Concentration at the Compliance Boundary as a Function of Dispersivity 

A simulation with a mid-range dispersivity, no abiotic decay, and varying sorption (Kt) 
illustrates the delay in arrival times of the concentration peak with increasing sorption (Kt \/ 2a 
< 2b < 2c; see Figure 4). As arrival times are delayed, dispersion-related spreading also 
increases. The mid-range transport-only case (la) is included here and with other graphs for 
companson. 
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A simulation with no sorption, mid-range dispersivity, and varying abiotic decay shows the 
effect on peak concentration for increasing Ka (Ka V 3a < 3b < 3c) (see Figure 5); the effect on 
the time of initial concentration change and time to reach peak concentration is minimal. 

A series of simulations showing results for varying porosity, Darcy velocity, and cutoff 
volume using base-case values for sorption, decay and dispersion is given in Figures 6-9. Curve 
4a shows base-case values for all fixed and deterministic parameters and is included on other 
figures for comparison; curve 4b shows base-case values with zero dispers10n as a check of 
travel-time effect alone on reactivity (note slight reduction of peak concentration and squared-off 
shoulders at peak inflection points). Curves 4c & 4d show the effect of base-case parameters 
with low and high porosity, respectively, with a near-600 µg/L difference in concentration as 
well as noticeable lag in rise time for the low-porosity simulation. Curves 4e & 4f simulate base­
case parameters with high and low Darcy velocities, with the expected results in peak 
concentration and event duration. 

Remaining contaminant-inventory percentages are the varied parameters in curves 4g-i 
(g: 1 %, h: 10%, i:30%), with a clear break-point in peak concentration between 1 % and 10% of 
inventory; the 4a base-case inventory of 65% is included here also. Note that for inventories of 
10%, 30% and 65%, the peak concentration remains constant at just over 500 µg/L, with only the 
event duration changing. This presages the results of the Monte Carlo simulations discussed in 
Section 3. 
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Curves 4j and k show simulations using base-case parameters and minimum and maximum 
cutoff volumes for a 3000 µg/L inlet Dirichlet concentration; peak concentrations remain 
constant while event durations change (cutoff volume affects influent mass to the model). 
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Curves 41 through o hold transport parameters constant while changing Dirichlet inlet 
concentrations (1:1000 µg/L, m:1500 µg/L, n:2000 µg/L, o:2500 µg/L); event duration decreases 
with increasing peak concentrations as the Dirichlet inlet concentrations increase. 
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The simulation results from varying deterministic parameters show that the model outputs 
change as expected: 

• Increasing dispersivity decreases the arrival time of the initial concentration increase and 
produces smearing effects at high dispersivity. 

• Increasing sorption (Ki) delays the arrival time of the concentration peak. 

• Increasing abiotic decay (Ka) reduces peak concentrations with little effect on arrival 
times. 

• Increasing porosity reduces peak concentrations with a slight increase in arrival times. 

• Decreasing Darcy velocity reduces peak concentrations; arrival times and event duration 
increase. 

• Increasing contaminant inventory produces a break point in peak concentration between 
1 % and 10% of inventory, with increasing event duration at constant peak concentration 
above the break point. This result suggests determining the amount of CT in the source 
area is important for establishing remediation requirements. 

• Increasing cutoff volumes decreases event duration with no change in arrival times or 
peak concentrations. 

• Increasing Dirichlet inlet concentrations decreases event duration and increases peak 
concentration. 

These outputs verify model performance and integrity as well as the independence of parameter 
inputs. Results of input parameter analysis are detailed in Section 3. 

2.2 Source Area Definition 

2.2.1 Equilibrium of Carbon Tetrachloride Source and Plume 

The behavior of the CT plume over time was examined to determine whether it appeared to 
be in equilibrium with a constant source in 1993, prior to the start of pump-and-treat remediation 
of the plume. This examination was performed because it is assumed that the plume was in 
equilibrium with the source in the flow and transport modeling. To evaluate that assumption, we 
mapped the spatial distribution of CT from 1988 to 1993 to determine whether the plume was 
migrating, expanding, or contracting. 

The locations of CT samples from 1988 to 1993 are shown in Figure 10. The sample number 
ranges from 25 (1989) to 118 (1993). We then used inverse distance squared gridding to map the 
distribution of CT for each of the six years. Our examination of the maps (not shown) suggested 
that the center and extent of the CT plume remained constant. To visualize that, we examined 
each grid node in the map and counted the number of years for which the concentrations ex­
ceeded two concentration levels, 500 and 1000 µg/L, which are mapped in Figures 11 and 12. 
Despite the uneven sampling coverage in the early years, the areas in which the concentrations 
exceeded each of the two cutoff levels remain constant throughout most of the six years. Only 
the portions of the study area with a good distribution of conditioning data are mapped. The bold 
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Figure 10. Location Map of CT Samples at 200 West Area from 1988 to 1993 
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Figure 11. Number of Years CT Concentrations Exceeded 500 µg/L from 1988 to 1993 at Each 
Grid Node in Mapped Area. The 200 West Area fence is shown for reference. The 
cross indicates monitoring well W15-32 at the northeast comer of the Z-9 trench. 

solid lines in Figures 11 and 12 outline the areas where the CT concentrations exceeded 
500 µg/L for six years and 1000 µg/L for three or more years, respectively. The mean CT 
concentrations from 1988 to 1993 within the areas shown in bold solid lines in Figures 11 and 12 
are shown in Figure 13 . The mean CT concentration decreased from 1988 to 1991, then 
remained constant from 1991 to 1993 . Figure 13 together with Figures 11 and 12 indicate that 
the center of the plume was not migrating with time; that the edges of the plume did not appear 
to be expanding or contracting; and that the mean concentration in the main portions of the 
plume was constant from 1991 to 1993. These results suggest that assuming the plume was in 
equilibrium with the source prior to the start of remediation does not disagree with the available 
data. 
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Figure 13. Mean CT Concentration Within the Areas ofExceedence 

2.2.2 Three-Dimensional Simulation of Carbon Tetrachloride Distribution 

We used geostatistical methods to provide a set of 1000 stochastic simulations of the CT 
concentration in the study area. The three-dimensional distribution of CT in 1993 was needed to 
provide initial conditions for the flow and transport modeling. Figure 14 is a map of the well 
locations used in the study. The wells are labeled as central wells if the concentration at any 
depth at the location exceeds 1000 µg/L . For most of the wells in the area, information on 
distribution of CT with depth was not available, and only one measurement was available near 
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Figure 14. Location Map of CT Concentration Data Used in the Geostatistical Analysis. The 
2-D outer and central wells are labeled as blank circles and crosses; the 3-D outer 
and central wells are labeled as blue solid circles and red diamonds. Central wells 
have CT concentrations exceeding 1000 µg/L; 3-D wells have CT concentration 
data at depths greater than 5 m. 

the water table. CT concentration data for those 121 wells were taken from the database 
maintained by the Hanford Groundwater Monitoring Project and were restricted to 
concentrations measured in 1993. Data for the distribution of CT with depth were taken from 
Appendix A of Swanson et al. (1999). Only eight central wells and nine outer wells have 
available three-dimensional CT data in that dataset. Because of the scarcity of deep CT data 
where the location of the measurement is known with any confidence, it was not possible to 
restrict the data to 1993 for deep measurements, and the average of all measurements at a given 
three-dimensional location (i.e., for a given well and depth) were used. Even so, only 58 data 
points are available where the depth of the measurement was more than 5 m below the water 
table. The 58 data points are distributed among the 17 locations with deep CT measurements. 
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Because of the scarcity of deep CT data, there were not enough data to model the vertical 
spatial distribution using normal geostatistical methods or three-dimensional trend analysis. 
However, analysis of the available three-dimensional CT data suggests that the concentration 
profile is not constant with depth but decreases rapidly with depth below the water table 
(Figure 15). A relationship between measured concentrations near the water table and 
concentrations at selected depths was developed using well locations where data were available 
at multiple depths. This relationship was used to estimate concentrations for other depths in the 
aquifer where only the concentration near the water table was known. An exponential decay 
function was used for this correlation and fit with a decay distance of 15 m, as plotted in Figure 
15 and shown in Eq. (1): 

-3h 
C(h) = C0 * Exp(-) 

a 
(1) 

where C(h) is the concentration at depth h, Co is the concentration at the water table (measured), 
and a is the range of the exponential decay function. The parameters of the decay function were 
determined using available three-dimensional CT data from the central area plotted with depth 
for a large number of possible ranges of the decay function, and the root-mean-square error 
(RMSE) between the predicted and actual values was calculated for each possible range. The 
minimum RMSE was found for al5-m range and used to extrapolate the measured 1993 near­
water-table concentrations to depth within the aquifer for the 121 points where no deep CT data 
were available. The extrapolation was performed from the water table down to a maximum of 
100 meters below the water table at 5-m intervals. No extrapolation was applied to the 17 
locations that had three-dimensional CT data. The original three-dimensional CT data and the 
extrapolated water table concentration data were combined as the conditioning data set for three­
dimensional simulations of CT spatial distribution. 
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We used variogram analysis to derive a mathematical model of the spatial continuity of the 
CT distributions (see lsaaks and Srivastava [1989] for a discussion ofvariogram analysis and 
modeling). Before performing the variogram analysis, a normal score transform was applied to 
the CT data to transform the data to a standard Gaussian distribution, which is required for the 
sequential Gaussian simulation technique used in the study (Deutsch and Journel 1998). 
Horizontal variograms were calculated using the GAMV program from the GSLIB software 
package (Deutsch and Journel 1998). No significant spatial anisotropy was found in the 
directional semivariograms (not shown). The omnidirectional horizontal semivariogram of the 
normal scores of the three-dimensional CT is plotted in Figure 16. This semivariogram was 
based only on the original data and does not include the extrapolated values for the locations that 
do not have CT measurements below the upper portion of the aquifer. A spherical model (Isaaks 
and Srivastava 1989) was fit to the horizontal semivariogram with a nugget of 0.07 and a range 
of 1100 m. There were not sufficient data with depth to calculate a vertical variogram, so the 
range of spatial continuity in the vertical direction was set to be 1/10 of the horizontal range, or 
110 m. The ratio of the horizontal range to the vertical range (10:1) is based on a previous study 
by Connelly et al. (1992) that found a 10: 1 anisotropy ratio between the horizontal and vertical 
hydraulic conductivity. The sequential Gaussian simulation program, SGSIM, from GSLIB 
(Deutsch and Journel 1998) was applied to simulate the 3-D spatial distribution of CT 
concentration. The simulations were conditioned to the combined data and the variogram model 
parameters. We generated 100 realizations of the 3-D spatial distribution of the CT 
concentration at a grid node spacing of 50 m by 50 m horizontally and 5 m vertically. A total of 
65,280 (51 by 64 by 20) grid nodes were simulated in each realization. Horizontal and vertical 
displays of the median CT from the first 100 realizations are shown in Figure 17. 
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2.2.3 Source Area Determination 

To define the major source area of CT mass for the flow and transport modeling, the 
simulated three-dimensional median values were summed vertically at each 2-D grid node. The 
summation of the simulated CT concentration was used as a proxy for the inventory of CT mass 
below each location. Any grid nodes with simulated CT concentrations that were equal to the 
detection limit of 1.0 µg/L were set to zero before the summation. Based on the 2-D distribution 
of the CT inventory, the outline of the source area can be defined. We calculated the inventory 
within several areas of different sizes and determined the proportion of that inventory to the total 
inventory. From the plot of the proportions of the inventory within different boundaries against 
the area, the size of the source area was determined such that the proportion of inventory remains 
nearly constant as the area increases. 

The 2-D CT inventory from vertical summation of simulated three-dimensional median CT is 
shown in Figure 18. Three possible source areas were identified labeled as Blocks 1, 2, and 3. 
By varying the size of the blocks, the proportions of inventory within different block sizes were 
plotted against the area of the blocks (Figure 19). As a result, the proportion of CT inventory in 
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Block 1 remains nearly constant around 0.8 for areas approaching 1.0 km2
• The proportion of 

CT inventory in Blocks 2 and 3 together remains below 0.1 of the total inventory. Therefore, a 
1 by 1-km square box covering Block 1 was defined as the major source area for the flow and 
transport modeling (see Figure 18). 

A set of 1000 realizations of three-dimensional CT concentration was generated using the 
same parameters that were used in the three-dimensional simulation described above and 
summarized in Figure 17. The volume and mass of CT that exceeded various thresholds ranging 
from 250 to 3000 µg/L within the defined source area (i.e., Block 1 in Figure 18) were calculated 
and are detailed in Section 2.4. Figure 20 is a scatterplot of the volume above the 3000 µg/L 
threshold for the 1000 realizations. 
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2.3 Parameter Estimates 

2.3.1 Contaminant Transformation Rate 

A summary of the natural mechanisms that may contribute to CT loss in the Hanford aquifer 
is provided in this section. Natural attenuation mechanisms were quantified for use as reaction 
parameters in the reactive transport simulations to estimate the fate of CT in the Hanford aquifer. 
Additional details about how the natural attenuation mechanisms were quantified are described 
in the reports include as part of Appendix C. 
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Three specific natural attenuation mechanisms for CT were determined to have the potential 
for affecting the fate of CT in the Hanford aquifer: aqueous hydrolysis, bi ode gradation, and 
volatilization. Aqueous hydrolysis and biodegradation are discussed in the following sub­
sections; volatilization is discussed in Appendix B. 

2.3.1.1 Aqueous Hydrolysis of Carbon Tetrachloride 

Aqueous hydrolysis rates for CT in deionized water have been measured previously. The 
most relevant results for determining the loss rate of CT due to aqueous hydrolysis are those by 
Jeffers (1989, 1996). Based on the literature and personal communication sources listed above, 
it is likely that aqueous hydrolysis of CT leads to formation of CO2 and HCl but no hazardous 
compounds. However, this assertion may need to be confirmed with site-specific testing. 

The predicted half-life for CT using the Arrhenius parameters presented in Jeffers et al. 
(1989, 1996), which were shown to agree with data presented by Fells and Moelwyn-Hughes 
(1959) (as cited in the compilation by Mabey and Mill [1978]) over a temperature range of 10° to 
25°C, is plotted in Figure 21. Included on this plot are the upper- and lower-bound predictions 
based on the uncertainty in the Arrhenius parameters listed in Jeffers (1996). This plot suggests 
that the half-life of CT in the aquifer at Hanford is likely between 3 6 and 290 years for a 
temperature of about 19°C (groundwater temperature measured by Newcomer et al. 1995). The 
best estimate for the half-life would be about 100 years. We have found no data for CT 
hydrolysis that were collected at ambient temperatures. 
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Jeffers et al. (1994) also attempted to measure any possible effect of mineral surfaces on 
hydrolysis rate and found the rate unchanged even in the presence of sulfide minerals. Other 
literature on related compounds (Haag and Mill 1988; Deeley et al. 1991) corroborates this result 
and suggests that the hydrolysis rate determined in distilled ionized water should be a reasonable 
prediction of the rate of hydrolysis in the subsurface. 

2.3.1.2 Biodegradation of Carbon Tetrachloride 

The conditions that favor biodegradation of CT are predominantly anaerobic and require the 
presence of biodegradable organic carbon (Bouwer and McCarty 1983a; Hooker et al. 1998; Cobb 
and Bouwer 1991; Criddle et al. 1990a). In fact, there have been no published reports of aerobic 
transformation of CT. For the Hanford CT groundwater plume, which is both aerobic and in 
contact with sediments that have organic carbon levels below 0.5 wt¾ (Newcomer et al. , 1995), 
these results suggest that no biological activity is currently contributing to the natural 
attenuation of CT. 

2.3.2 Solid/Liquid Partitioning 

Solid/liquid partitioning is simulated in the model used for this project using a linear 
equilibrium partitioning coefficient, ~- This section discusses how estimates of this parameter 
were determined for use in the model. 

Solid/liquid partitioning is primarily a sorption-desorption process governed by the solubility 
of the particular chemical in water and its affinity to the solid phase. In high-carbon soils, it has 
been demonstrated that the amount of nonionic organic chemicals sorbed varies from soil to soil 
and that such variations are primarily caused by the organic content of the soil (Jeng et al. 1992; 
Lyman et al. 1990; Bishop et al. 1989). However, mineral-driven sorption becomes important as 
organic carbon content diminishes to below 0.1 % (Kile et al. 1995). At levels of organic carbon 
above 0.1 %, the normalized sorption coefficient (Koc) represents an important parameter that can 
be used to estimate the soil/water equilibrium partition coefficient (~) with this equation: 

Kd = f oe xKOC (2) 

where foe is the mass fraction of organic carbon (mass-oc/mass-soil) in the soil and~ is the 
soil/water equilibrium partition coefficient [(mg/kg-soil)/(mg/L)]. It is important to note that at 
levels of organic carbon below approximately O .1 %, this relationship will likely underestimate 
~ because it neglects mineral-driven sorption (Stephanatos et al. 1991). In these cases, the real 
quantity of attached material will be higher than those predicted by Equation (2) . 

Many researchers have developed methods for estimating Koc based on measurable properties 
such as the octanol/water partition coefficient (Kow). The two most applicable of these common 
correlations are given in the following equations (Lyman et al. 1990; Bishop et al. 1989): 

log(K
0
J = 3.64-0.55 x log(S) (3) 
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log(K
0
J = 4.277 -0.557 x log(Sm) (4) 

where Sis the water solubility of the organic compound (mg/L), and Sm is the molar water 
solubility of the organic compound (µmol/L) . Table 1 lists the values of Koc estimated by 
Equations (3) and (4) for chlorinated methane. The estimate of Koc can then be used to estimate 
the Ki for an aquifer if the foe is estimated or measured for the specific aquifer. 

Table 1. Estimated Koc Values for Chloromethanes 

Koc (µg/g-oc)/(µg/mL) I 
Compound Eq. (2) Eq. (5) 

CT 110.48 161.11 

CF 30.72 38.26 

DCM 23.84 24.49 

CM 35.33 27.29 

An estimate for the range and most probable value for Ki of each chloromethane at Hanford 
was derived from literature data. Equation (1) was used to calculate Ki based on reported or 
calculated data for foe and Koc- However, the predicted Kdfrom Equation (I) for Hanford may be 
an underestimate because the organic carbon fraction of the Hanford aquifer sediments are very 
close to the lower limit of applicability for this correlation. This potential to underpredict 
sorption is demonstrated by the fact that Zhao et al. (1999) report a measured Ki value of 0.39 
for CT in a soil with an organic carbon content below their detection limit of 0.03%. In contrast, 
the predicted Ki for CT in a soil with an organic carbon content of 0.03% ranges from 0.015 to 
0.081 (L/kg) based on the values of Koc reported in Tables 1 and 2. 

The estimated range of Ki values for CT was determined by examining the range of 
calculated and reported Ki values from the literature. Table 3 reports the maximum values of Ki 
that are predicted from Equation (1) using the Koc values reported in Table 1 and the highest 
organic carbon fraction reported in Table 4 (0.0052). Maximum values for Ki determined in 
field studies are listed in Table 5. These values are based on the highest organic carbon fraction 
reported in Table 4 (0.0052) and Koc (Table 2) values from the individual studies. For CT, Ki 
values calculated using the foe and Koc values measured in each study are shown in parentheses 
next to the maximum value. The maximum value of:Ki selected from the information in Table 3 
is 0.83 L/kg. There is one Ki value reported in Table 5 that is higher than the selected 
maximum, but the study conditions and results. suggest that a Ki calculated using the measured 
Koc and an foe value from another source would not be reasonable. 

Tables 6 and 7 provide minimum Ki estimates using an foe of 0.00027, the lowest average foe 
value determined from the data of Newcomer et al. (1995). Values in Table 6 are calculated 
using the Koc values reported in Table 1; values in Table 7 are calculated from field data using 
the Koc values from Table 2. Another estimate for the minimum Ki was obtained by applying 
Equation (2) with the lowest average foe value determined from the data reported by Newcomer 
et al. (1995) and a Koc value of 60. As shown in Table 4, the low average of measured foe 
corresponds to an organic fraction of 0.00027 (0.027%). The Koc value (60 µg/g-oc/µg/mL) was 
selected from an extensive survey of soils conducted by Kile et al. (1995) showing relatively 
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Table 2. Published Values of Koc for Chloromethanes 

Koci u2/g-oc)/(u2/mL) 
Reference CT CF DCM CM Comment 

Jeng et al. 1992 122 76.8 47.4 NDl•l Data are a compilation of 
infonnation measured by 
others 

Walton et al. 1992 143.6 ± 32.l (b) 37.4 ± 8.6 (b) ND ND Silty loam with an 
organic carbon content 
ofl.5% 

Walton et al. 1992 48.9 ± 16.2(b) 30.0± 2.6 {b) ND ND Sandy loam with an 
organic carbon content 
of0.7% 

Duffy et al. 1997 55.0± 1.o(bJ ND ND ND Soil with an organic 
carbon content of 1.5% 

Duffy et al. 1997 77.6 ± 1.3(b) ND ND ND Soil with an organic 
carbon content of0.53% 

Duffy et al. 1997 269 ± 2'b) ND ND ND Soil with an organic 
carbon contentof0.14% 

Peng and Dural 1998 121 .9 153.5 ND ND Measured with Missouri 
soil. 

Peng and Dural 1998 150.4 196.9 ND ND Measured with 
California soil 

Peng and Dural 1998 121.0 190.0 ND ND Measured with Florida 
Soil 

Kile et al. 1999 59.1 ± 7_5(b) ND ND ND Average of 17 near 
surface soils with 
organic carbon ranging 
from 1.1 % to 5.6% 

Kile et al. 1999 106.7 ± 13.44{b) ND ND ND Average of nine river 
bottom sediments with 
organic carbon ranging 
from 1.4% to 5.6% 

Kile et al. 1995 60 ± 7Cbl ND ND ND Average of32 near 
surface soils with 
organic carbon ranging 
from 0.16% to 6.1% 

Kile et al. 1995 I 02 ± 11 (bl ND ND ND Average of 36 bed 
sediments with organic 
carbon ranging from 
0.11 % to4.7% 

(a) ND denotes no data reported for this compound. 
(b) Value reported as an average (± standard deviation) . 

Table 3. Maximum Estimates for the Solid/Liquid Equilibrium Partition Coefficient Based 
on Koc Data reported in Table 1 and the Maximum foe in Table 4 

K.i (µg/g-soil)/(µg/mL) I 
Compound Equation 2 Equation 5 

CT 0.57 0.83 
CF 0.16 0.20 
DCM 0.12 0.13 
CM 0.18 0.14 
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Table 4. Organic Carbon Fraction Data for the Hanford Aquifer (Ringold Formation) 

Depth BGS 
Location (m) Max foe Min foe Av2±Stdev Reference 
299-wl 1-30 67 to 85 5. l 5x 10-3 0 l.5x10-3 ± 2.4x10-3 Newcomer et al. 
(four samples) 1995 
299-wl 1-32 74 to 77 7.6xl0-4 0 2.7xl0-4 ± 2.9xl0-4 Newcomer et al. 
(five samples) 1995 
Quoted value NA<•l 1.00xl0-3 ND lD/ NA WHC 1990 
for Hanford, no 
suooorting data 
299-wl5-31 40 to 43 I.I Ox 10-3 ND NA Ford 1996 
(a) NA denotes the parameter is not applicable. 
(b) ND denotes no data reported for this compound. 

Table 5. Maximum Estimates for the Solid/Liquid Equilibrium Partition Coefficient 
Based on Koc Data Reported in Table 2 and the Maximum foe in Table 4 

~ (µg/g-soil)/(µg/mL) 
Reference Comment 

CT CF DCM CM 
Jeng et al. 1992 0.63 0.40 0.24 ND<•l Data are a compilation of 

information measured by 
others 

Walton et al. 1992 0.74 ± 0.17 (2.1) 0.19 ±0.04 ND ND Silty loam with an organic 
carbon content of 1.5% 

Walton et al. 1992 0.25 ± 0.08 (0.34) 0.15±0.01 ND ND Sandy loam with an 
organic carbon content of 
0.7% 

Duffy et al. 1997 0.28 ± 0.01 (0.83) ND ND ND Soil with an organic 
carbon content of 1.5% 

Duffy et al. 1997 0.40±0.01 (0.41) ND ND ND Soil with an organic 
carbon content of0.53% 

Duffy et al. 1997 1.4 ± 0.01 (0.38) ND ND ND Soil with an organic 
carbon content of0.14% 

Peng and Dural 1998 0.63 0.79 ND ND Measured with Missouri 
soil 

Peng and Dural 1998 0.77 1.0 ND ND Measured with California 
soil 

Peng and Dural 1998 0.62 0.98 ND ND Measured with Florida soil 
Ki le et al. 1999 0.30 ± 0.04(b) ND ND ND Average of 1 7 near surface 

soils. 
Kile et al. 1999 o.55 ± o.oibJ ND ND ND Average of nine river 

bottom sediments. 
Kile et al. 1995 0.31 ± 0.04(b) ND ND ND Average of 32 near surface 

soils with organic carbon 
ranging from 0.16% to 
6.1% 

Ki le et al. 1995 0.53 ± 0.06(b) ND ND ND Average of 36 bed 
sediments with organic 
carbon ranging from 
0.11 % to4.7%. 

(a) ND denotes no data was reported for this compound. 
(b) Value reported as an average(± standard deviation). 
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Table 6. Minimum Estimates for the Solid/Liquid Equilibrium Partition Coefficient 
Based on Koc Data Reported in Table 1 and an foe of 0.00027 

K.i (µg/g-soil)/(µg/mL) I 
Compound Equation 2 Equation 5 

CT 2.99x10·2 4.35x10·2 

CF 8.39x10·3 l.05xl0·2 

DCM 6.29x10·3 6.82x10·3 

CM 9.44x10·3 7.34x!0-3 

consistent Koc values over a wide range of soil types and organic carbon content. The minimum 
Ki value calculated using this technique is 0.016 L/kg. This value is consistent with many of the 
lower Ki values listed in Table 7 and was selected as the minimum Ki value for use at Hanford. 

Table 7. Minimum Estimates for the Solid/Liquid Equilibrium Partition Coefficient Based 
on Koc Data Reported in Table 2 and an foe of 0.00027 

-

Reference 
K.i (µg/g-soil)/(µg/mL) 

Comment 
CT<a> I cp<a> DCM CM 

Jeng et al. 1992 0.033 0.021 ± 0.002 0.013 ND(b) Data are a compi lation of 
information measured by 
others 

Walton et al. 1992 0.039 ± 0.009 0.010 ± 0.001 ND ND Silty loam with an organic 
carbon content of 1.5% 

Walton et al. 1992 0.013 ± 0.004 0.0079 ND ND Sandy loam with an organic 
carbon content of0.7% 

Duffy et al. 1997 0.D15 ± 0.003 ND ND ND Soil with an organic carbon 
content of 1.5% 

Duffy et al. 1997 0.021 ± 0.003 ND ND ND Soil with an organic carbon 
content of0.53% 

Duffy et al. 1997 0.073 ± 0.005 ND ND ND Soil with an organic carbon 
content of0.14% 

Peng and Dural 1998 0.033 0.041 ND ND Measured with Missouri soil 
Peng and Dural 1998 0.040 0.052 ND ND Measured with California soil 
Peng and Dural 1998 0.033 0.051 ND ND Measured with Florida soil 
Kile et al. 1999 0.016 ± 0.002 ND ND ND Average of 17 near surface 

soils 
Kile et al. 1999 0.029 ± 0.004 ND ND ND Average of 9 river bottom 

sediments 
Kile et al. 1995 0.016 ± 0.002 ND ND ND Average of 32 near surface 

soils with organic carbon 
ranging from 0.16% to 6.1 % 

Kile et al. 1995 0.028 ± 0.003 ND ND ND Average of 36 bed sediments 
with organic carbon ranging 
from 0.11 % to 4.7% 

(a) When possible, values are reported as an average(± standard deviation). 
(b) ND denotes no data reported for this compound. 
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The selected range of values of Ket for CT is 0.016 to 0.83 L/kg. The most probable value 
within this range was selected as 0 .12 L/kg. This value corresponds a Ket calculated using a Koc 
value measured from an extensive survey of soils conducted by Kile et al. (1995) showing 
relatively consistent Koc values over a wide range of soil types and organic carbon content. The 
foe value used in the calculation of most probable Ket was 0.002. This value for foe is the average 
of the maximum foe values reported in Table 4 and is considered to be a reasonable compromise 
of foe information for the Hanford Site. 

2.4 Probability Distributions of Modeling Parameters 

In addition to the geostatistical simulations of the CT source volumes that we just described, 
realizations of several other modeling parameters were needed for the Monte Carlo flow and 
transport study. Two of those parameters, the Ket for CT and the abiotic degradation rate of CT, 
were included in the parameter estimation portion of this study (see Section 2.3). As part of 
parameter estimation, the minimum, maximum, and most likely values of each parameter were 
identified and used to characterize the probability distributions of those two variables (Table 8). 
In each case, a triangular probability distribution was assumed to fit the distribution. Estimated 
characteristics of the probability distribution for the porosity of the aquifer in the 200 West Area 
were identified by F. Spane (PNNL), based on the assumption that the aquifer is dominated by 
Ringold gravels. Based on that input, the distribution of porosity in those sediments was 
assumed to be uniform with a minimum of 5% and a maximum of 15%. The remaining 
parameter required for the modeling was the longitudinal dispersivity. The characteristics of the 
probability distribution for that parameter were supplied by C. Cole (PNNL), and were assumed 
to be a triangular distribution with a minimum of 10 m, maximum of 100 m, with a most 
probable value of 30 m. Table 9 summarizes the assumed characteristics of the probability 
distributions of the 4 modeling parameters. These probability distributions were then sampled 
using the program STATGEN, developed by Paul Eslinger (PNNL). A suite of 1000 realizations 
of each parameter were generated by the program, assuming that the four parameters are 
independent of one another. Figure 21 displays histograms of the simulated values for each of 
the four parameters. 

Table 8 shows the volume and mass exceeding cutoff levels within the source area. The 
table also shows the proportions of mass exceeding the cutoff levels within the source area to the 
total mass within the identified source area and the proportions of mass exceeding the cutoff 
levels within the source area to the entire simulated map area. Results shown are for the first 
three of 1000 simulations generated. 

Table 8. Cutoff Levels and Volume, Mass, and Proportions 

Simulation Cutoff Level = 500 <f>g/L Cutoff Level = I 000 <l>g/L I Cutoff Level = 2000 <l>g/L 

No. Vol (>CT) Mass (>CT) Prop(box) Prop(all) Vol(>CT) Mass(>CT) Prop(box) Prop(all) I Vol(>CT) Mass(>CT) Prop(box) Prop(all) 

l 6887500 14447 0.92 0.44 4500000 12756 0.8 1 0.39 33 12500 11 0 13 0.70 0.34 

2 4762500 8258 0.88 0.29 2975000 7031 0.75 0.24 1750000 5238 0.56 0.18 

3 8437500 17836 0.94 0.49 5775000 15962 0.84 0.43 41 25000 13567 0.7 1 0.37 
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Table 9. Modeling Parameter Probability Distributions 

Parameter Distribution Type Minimum Maximum Most Probable 
CT K<t (L/kg) Triangular 0.016 

CT Ka (per day) Triarnrular 6.S0E-06 
Porosity Uniform 

Dispersitv ( m) Triarnrnlar 
' a) NA equals not applicable. 
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Figure 22. Histograms of 1000 Simulated Values of Each of the Four Input 
Parameters Used in the Flow and Transport Modeling 
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3.0 Results 

The results presented in this section show frequency distributions of the required source 
cleanup percentages for the Monte Carlo simulations (i.e. , variations of transport parameters Kt, 
Ka, porosity, dispersivity, and cross-sectional area) at the mean Darcy velocity and a 3000 µg/L 
inlet-source concentration. The required source cleanup percentage for each simulation was 
calculated from the ratio of the maximum concentration at the compliance boundary to the 
selected compliance concentration. This calculation assumes that reducing the source quantity 
by this percentage would decrease the source concentration by this same percentage; thus, the 
concentration at the compliance boundary would decrease by this percentage as well. The basis 
of this assumption is that by removing source within a portion of the defined source area volume 
so that this "cleaned up" portion now contributes only clean water within the source, the source 

· is diluted. 

Two boundary-concentration levels were used in the simulations: the 5-µg/L regulatory limit, 
and a higher 50-µg/L concentration used to account for three-dimensional dispersion. The 
probability distributions of source cleanup required as a function of source inventory were used 
to identify the likely limits of remediation; stochastic parameters were subjected to regression 
analysis to determine their relative influence on simulation outputs and identify variables 
needing further characterization to improve modeling accuracy. 

3.1 Modeling Results and Discussion 

The results of the 1000 Monte Carlo simulations using the van Genuchten model provide a 
basis for determining the portion of the source area needing remediation; the simulations also 
provide a method of gauging sensitivity of predicted contaminant transport to variations in 
individual parameters. (Simulation results are provided in Appendix D.) The break point 
between peak contaminant-concentration levels at 1 % and 10% remaining source inventory seen 
in the determinant-parameter variation simulations is repeated in the Monte Carlo simulations. 
With more accurate parameter estimates and additional site characterization, the path forward to 
necessary site remediation can be mapped using improved modeling techniques and source­
inventory quantification technologies. 

The one-dimensional model used for this study simulates the transport of CT from the source 
area to the compliance boundary assuming a steady-state, one-dimensional flow field. Thus the 
model is conservative in that CT travels in a direct path from the source area toward the 
compliance boundary. Based on the current and projected groundwater flow conditions in the 
200 West Area, an assumption of uniform steady-state flow in one direction is conservative but 
reasonable. However, the one-dimensional van Genuchten model did not take into account 
transverse or vertical dispersivity and the additional reduction in contaminant-concentration that 
would occur with this additional plume spreading (i.e., increased vertical and lateral dispersion 
would result in the CT plume contacting more volume of the aquifer and therefore more sorption 
sites, delaying migration and allowing more time for hydrolysis to occur). 
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To estimate three-dimensional dispersion effects on simulation outputs, transverse and 
vertical dispersivities were modeled as 20% and 2% (respectively) of longitudinal dispersion. 
Simulations including transverse and vertical dispersion/dilution were conducted to determine 
how the one-dimension modeling results could be interpreted for estimating the effect of a three­
dimensional flow field (see Figure 23). In 80% of these simulations, the concentration at the 
compliance boundary was reduced by a factor of greater than 5. In about 20% of these 
simulations, the concentration was reduced by a factor of greater than 10 with a maximum 
reduction of a factor of about 30. The results of these simulations were used to postulate that 
interpretations of one-dimensional modeling results using a 50-µg/L boundary concentration 
limit provided a ptd estimate of CT transport at the higher end of the observed concentration 
reduction factor. This ptd estimate was used to provide a reasonable bound for the possible 
three-dimensional flow effects during transport of CT from the source area to the compliance 
boundary. CT concentration limits of 5 µg/L and 50 µg/L at the compliance boundary are used 
in the report so that interpretations of the results under both conservative one-dimensional flow 
conditions and reasonable estimate of three-dimensional flow conditions (factor of 10 change 
due to three-dimensional flow) can be considered. Note that the 50-µg/L compliance boundary 
concentration limit is solely a calculational construct to give an approximation of a three­
dimensional model, not a proposed change in the actual 5-µg/L compliance concentration 
requirement. Selection of the 50-µg/L compliance boundary concentration is based on using a 
factor of 10 correlation between one- and three-dimensional transport that was calculated based 
on the components of dispersion that are not accounted for in the one-dimensional model. 
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Figure 23. Estimated Additional Dilution due to Transverse and Vertical Spreading (3-D effect) 
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The simulations conducted for this study examine the migration of CT from the source area 
to the compliance boundary; the simulations did not examine migration of the existing dispersed 
plume and did not attempt to match the historical disposal and migration of CT (i.e. , did not 
attempt to reproduce the current CT plume distribution). 

The results of the Monte Carlo simulations were charted as histograms showing frequency 
distributions for 1000 modeling realizations using stochastic parameters. Simulation outputs 
include 

• required source cleanup percentage needed to meet compliance regulations 

• source inlet rate 

• compliance boundary concentration 

• compliance boundary flux 

• compliance boundary arrival times 

• source duration 

• arrival time of peak concentration 

• concentration as a function of distance from the source. 

The results considered here are the source cleanup percentages presented as realizations of 
the base-case deterministic parameters (mean Darcy velocity, 3000 µg/L inlet source 
concentration) with the variable deterministic parameter being the fraction of base inventory 
rema1mng. 

Results for the required source cleanup frequency distribution for 65% of the source inven­
tory remaining shows that more than 4 70 simulations out of 1000 require more than 70% source 
cleanup for the ptd simulation using the 50-µg/L ptd compliance boundary concentration. The 
conservative one-dimensional result (5-µg/L ptd compliance boundary concentration) shows that 
about 850 simulations out of 1000 require more than 70% source cleanup (see Figure 24). The 
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Figure 24. 65% Source Inventory- Mean Velocity, 3000 µg/L 
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results also show that more than 300 and more than 50 of the simulations required less than 5% 
source cleanup for the 50-µg /Land 5-µg /L compliance concentrations, respectively. 

The required source cleanup percentage for 30% of the source inventory remaining shows 
approximately the same results as the 65% case. The required source cleanup frequency distri­
bution for 30% of source inventory remaining shows more than 470 simulations out of 1000 
require greater than 70% source cleanup for the ptd simulation using the 50-µg/L ptd compliance 
boundary concentration; the conservative one-dimensional result (5-µg/L ptd compliance 
boundary concentration) shows about 850 simulations out of 1000 require greater than 70% 
source cleanup (Figure 25). The results also show that more than 300 and more than 50 of the 
simulations required less than 5% source cleanup for the 50-µg /L and 5-µg /L compliance 
concentrations, respectively. 

There is also little change in required source cleanup percentage from the former cases to the 
10% source inventory remaining. The required source cleanup frequency distribution for 10% of 
source inventory remaining shows more than 420 simulations out of 1000 require greater than 
70% source cleanup for the ptd simulation using the 50-µg/L ptd compliance boundary concen­
tration; the conservative one-dimensional result (5-µg/L ptd compliance boundary concentration) 
shows more than 800 simulations out of 1000 require greater than 70% source cleanup (see 
Figure 26). The results also show that more than 375 and about 100 of the simulations required 
less than 5% source cleanup for the 50-µg /L and 5-µg /L compliance concentrations, 
respectively. 

At 1 % source inventory remaining, a dramatic shift in the distributions is observed. The 
required source cleanup frequency distribution for 1 % of source inventory remaining shows 
about 150 simulations out of 1000 require greater than 70% source cleanup for the ptd simulation 
using the 50-µg/L ptd compliance boundary concentration; the conservative one-dimensional 
result (5-µg/L ptd compliance boundary concentration) shows about 550 simulations out of 1000 
require greater than 70% source cleanup (Figure 27). The results also show that more than 700 
and more than 300 of the simulations required less than 5% source cleanup for the 50-µg /L and 
5-µg /L compliance concentrations, respectively. 

The breakpoint for dramatic change in the cleanup percentages clearly lies between 1 % and 
10% of source inventory remaining. The input parameters in the simulation that had the greatest 
effect on the results appear to be porosity, Ki and Ka; a multiple linear regression analysis of log 
maximum concentration at the boundary versus porosity, Kd and Ka gave standardized regression 
coefficients of -0.145, -0.785, and -0.504, respectively, at 1 % inventory remaining and -0.187, 
-0.691 , and -0.601 , respectively, at 10% inventory remaining (see Table 10). 
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Table 10. Linear Correlation Coefficients Between the Logarithm of Maximum Concentration 
at the Compliance Boundary and Input Parameters for the Set of 1000 1-D Flow and 
Transport Simulations of CT (2% remaining inventory case) 

Vol. over 3000 
W!/L Porosity ~ (lLoOP. Abiotic tin 

Volume above cutoff 1.000 
Porosity 0.057 1.000 

Ki -0.070 0.053 1.000 

a Long, -0.032 3.205E-4 0.004 1.000 
Abiotic t112 -0.016 0.004 0.012 0.026 1.000 
log max. concentration -0.054 -0.184 -0.787 0.025 0.493 

3.2 Parameter Influence 

The simulation results suggest that ~ has the greatest influence and porosity the least in­
fluence on boundary concentration levels as source inventory remaining decreases. Figure 28 
displays notched box plots of the five input parameters for realizations that would require 
cleanup at the 50-µg/L threshold vs. those that would not, for the 1 % inventory case. The plots 
indicate that the porosity and Kd are significantly lower and the abiotic half-life significantly 
higher for cases that require cleanup. The correlation coefficients for the logarithm of maximum 
concentration at the compliance boundary and the five input parameters for the 1 % case (see 
Table 10) also suggest that the volume above the cutoff and the longitudinal dispersivity do not 
influence the maximum concentration at the ·compliance boundary, but that the porosity, Kd, and 
abiotic half-life all do. The relative influence of the three variables that appear to control the 
maximum concentration was confirmed by multiple linear regression of the logarithm of the 
maximum concentration against the porosity, Kd, and abiotic half-life. The standardized re­
gression coefficients for the three input parameters are - 0.145, -0.785, and 0.504, suggesting that 
Kd has the greatest influence of the three input parameters on the maximum concentrations and 
porosity has the least influence after accounting for differences in the scale of the three input 
parameters. Because the input parameters are independent of one another (by construction), the 
standardized regression coefficients should provide a reasonable measure of the relative impor­
tance of the input parameters, which would not necessarily be the case if there were significant 
correlation between them. The total correlation coefficient for that multiple linear regression 
model is 0.945, suggesting that almost 90% of the variation in the logarithm of the maximum 
concentration at the compliance boundary is explained by the linear regression using the 
porosity, Kd, and abiotic half-life. 

However, a significant shift occurs in standardized regression coefficients for increasing 
remaining inventory levels. In all cases up to the 65% inventory level, the porosity bas the least 
influence on the maximum concentration, but the magnitude of its standardized correlation 
coefficient does increase from - 0.145 to - 0.235. The relative importance of Kd and the abiotic 
half-life also shift, so the relative influence of the two parameters is more nearly equal for the 
65% remaining inventory case (standardized regression coefficients are - 0.598 and 0.656, 
respectively). 
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Figure 28. Notched Box Plots Showing Values of Transport Parameters for Cases that 
Did and Did Not Require Source Cleanup for the 1 % Inventory Case. Note 
that transport parameters with a significant effect on the need for cleanup are 
where the notches of the two boxes do not overlap. Notched box plots 
compare the values of input parameters, for those cases requiring cleanup and 
those that do not, for the 1 % remaining inventory case. The upper edge of the 
box in each case marks the 75 th percentile; the lower edge of the box marks 
the 25 th percentile; and the middle of the notch denotes the median of the 
distribution. The upper and lower edges of the notches represent an 
approximate 95% confidence interval for the median of the distribution. If the 
notches overlap, as they do for the volume above the cutoff of 3000 µg/L and 
for the longitudinal dispersivity, the difference between the medians of the 
cases requiring cleanup and those not requiring cleanup is not significant. 
Significant differences exist for the porosity, abiotic half-life, and Kt, with the 
maximum separation occurring for the Kt. 

These results suggest that Kt is the most important input parameter when there is only a 
small remaining inventory and the duration of the source term is relatively small, but that Kt and 
the abiotic half-life both exert about equal influence on the maximum concentration at the 
compliance boundary for larger remaining inventory levels when the duration of the source term 
is much longer. 
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4.0 Conclusions 

The modeling was based on the assumption that about 750,000 kg of CT was discharged to 
the soil in the Z-crib area. Previous work has shown that of this 750,000 kg, about 65% cannot 
be accounted for. Therefore, modeling was performed using 65%, 30%, 10%, and 1 % of the 
750,000 kg as possible amounts of CT that could reach the groundwater. It is of value to note 
that approximately 1 to 2% of the CT inventory currently exists in the distal plume based on 
averaged CT groundwater measurements. 

Several conclusions drawn from the modeling are discussed below: 

• If 1 % of the discharged CT is all that ever reaches the groundwater, it is likely that the 
highest concentration of CT to arrive at the compliance boundary will not exceed the 
compliance concentration. However, it is possible the compliance concentration would 
be exceeded if the actual site parameters correspond to the lower porosity, lower~' and 
lower Ka values used in this study. 

• If 10% or more of the discharged CT reaches the groundwater, it is likely that the 
concentration of CT eventually arriving at the compliance boundary will exceed the 
compliance concentration (unless source removal efforts are used). 

• There is a breakpoint between 1 % and 10% of the discharged inventory that defines the 
amount of CT in the source at which source removal would be required to avoid 
exceeding the compliance concentration at the compliance boundary. 

• Because source inventory remaining appears to be the quantity driving the amount of site 
cleanup required for compliance, source inventory characterization using partitioning 
interwell tracer tests (or other source-quantity characterization technologies) would be a 
milestone on the path toward resolution of compliance issues. 

• Laboratory experiments and site surveys can be used to better quantify values for the 
parameters controlling compliance boundary concentrations: ~' Ka, and porosity; 
additional modeling, including use of a three-dimensional model, can then be performed 
using these improved values to give more accurate estimates of compliance boundary 
concentrations and source cleanup requirements. 
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Appendix A 

Groundwater Modeling Plan 
Hanford Carbon Tetrachloride ITRD Project 

A.1 Approach 

The Hanford Carbon Tetrachloride ITRD project will use the Monte Carlo saturated ground­
water modeling approach described in this modeling plan. The purpose of this effort is to quan­
tify the uncertainties in the strength of the remaining source term feeding the carbon tetrachloride 
plume originating in the 200 West Area of the Hanford Site (Figure 1). For each Monte Carlo 
groundwater flow and transport realization created, the modeling team will identify the source 
term strength, and maximum concentration arriving at the compliance boundary through time 
(i.e., 2000 through 2200). The maximum concentration arriving at the compliance boundary will 
then be used to determine the fraction of source area requiring remediation. Results from the 

Carbon Tetrachloride Modeling Area 
(current transport grid) 

D Current 375 m Transport Grid 
---Area of Successive Grid Refinement to Represent Source Areas 
- --Compliance Boundary 
--- Area of Held Concentration for Source Determination 
/""-_J Carbon Tetrachloride Plume Contours 

Figure A.1. Portion of the Current Hanford SGM Grid near the 200 East and 200 West Areas 
with Various Overlays that Illustrate: 1) the areal extent of the carbon tetra­
chloride plume (thin red lines), 2) the proposed area of grid refinement for this 
study (orange line), 3) the proposed location of the compliance boundary (thick 
red line) for this study, and 4) a blue box showing the proposed initial one­
dimensional modeling, which will examine parameter sampling strategies to 
develop a way to minimize the number of three-dimensional model runs. 
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multiple realizations will provide uncertainty estimates for source term strength related to the 
uncertainty in Ki, porosity, dispersivity, and first-order abiotic reaction rates. Estimates of the 
uncertainty in the remaining source term and the fraction requiring treatment will provide 
information useful to the ITRD for estimating uncertainty in the costs associated with each of the 
proposed source term remediation strategies. 

Mass balance derived from observations of existing plumes, amounts removed with already 
implemented initial remediations, and other considerations only account for ~35% of the mass 
that was imported for use at Hanford. Estimates are that this remaining source could be 
~ 780,000 kg and that the remaining source(s) of contamination could be described as follows: 

• Located only in the vadose zone with the source resulting from any combination of 
dissolved, vapor, and/or DNAPL phases 

• Located only in the groundwater as a DNAPL source only 

• Combinations of various vadose sources and groundwater DNAPL sources. 

A.1.1 Basic Assumption Used in Approach 

The pivotal assumption in the approach outlined in this modeling plan is that the plume 
immediately prior to the start of interim pump and treat was in equilibrium with the various 
possible types of potential sources. 

The assumption has been investigated through a .geostatistical evaluation of the data gathered 
before beginning the interim pump and treat. Chris Murray presented the geostatistical evalua­
tion results at the March 2000 Hanford Carbon Tetrachloride ITRD project meeting. These 
results indicate that it is reasonable to assume that the groundwater plume was in equilibrium 
with the remaining source before the interim pump and treat began because the temporal analysis 
of the observations indicated the concentrations near the source area had stabilized. The spatial 
concentration distributions from the geostatistical evaluation will provide initial conditions for 
the Monte Carlo realizations and the location and values of specified concentrations that will 
represent the source term and its uncertainty as can be interpreted from existing data . 

A.1.2 Uncertainties Addressed • 

This groundwater modeling effort, in conjunction with the geostatistical analysis of 
concentration presented at the March 2000 workshop by Chris Murray and the analysis of 
uncertainty in Kd, biotic and abiotic reaction rates, and other natural attenuation factors 
presented at this same workshop by Rod Skeen will allow us to address source term uncertainty 
arising from uncertainty in the following parameters: 

• plume definition ( concentration distribution horizontally and vertically including 
assumptions about porosity) 

• Ki 

• first-order natural abiotic dechlorination rate 

• dispersivity. 
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Volatilization from saturated zone to unsaturated zone and first-order natural biodegradation 
were investigated by the team and determined to be negligible. As a result, the uncertainty 
related to these processes will not be included. Details are presented in Appendix C. As was 
discussed in the initial Hanford Carbon Tetrachloride ITRD project modeling workshops, uncer­
tainties in the groundwater model will not be addressed because the current model is determinis­
tic. Uncertainty related to the groundwater flow model will be reduced by limiting transport 
model calculations to movement through the less transmissive Ringold formation (Unit E and the 
lower units) from 200 West Area source locations to a compliance boundary at or near the 
contact with the highly transmissive saturated Hanford formation (Figures 1 and 2). 

A.1.3 Modeling Scales 

Two scales of modeling will be used in this assessment. 

1. An analytical model for one-dimensional, convective-dispersive transport of reactive 
solutes, subject to adsorption, first-order degradation, and in a homogeneous medium 
will be used. The model is based on the analytical solution developed by van 
Genuchten (1974). It will be used to represent transport in a single flow tube along 
the centerline of the plume from the 200 West source area(s) (green circles in Figure 
1) to the compliance boundary, a distance of ~5 km (blue rectangle in Figure 1). This 
one-dimensional model will be used to develop an initial understanding of parameter 
interactions/sensitivity and to examine a large number of realizations of the uncertain 
parameters (source term volume/concentration, :Ki, porosity, degradation half time, 
dispersivity) to develop an efficient sampling strategy to use with the three­
dimensional model. 

2. A three-dimensional local scale model to simulate transport of the approximate scale 
shown in Figure 1 ( orange box). This model will be used to represent transport from 
the source area(s) (thick green lines in Figure 1) to the compliance boundary (thick 
red line in Figure 1). Multiple realizations for the transport parameters and initial and 
source term boundary conditions will be implemented based on the sampling strategy 
developed with the one-dimensional streamtube model to address the uncertainty in 
source term strength. 

A.2 Regional Model 

The groundwater model used in this assessment is the three-dimensional deterministic model 
of the Hanford Site developed and maintained as part of the Hanford Site Groundwater Monitor­
ing Program. The Sitewide Groundwater Model (SGM) is documented in Cole et al. (1997) and 
Wurstner et al. (1995). Figure 3 illustrates the SGM flow model grid (~750 m regular grid) and 
the various lateral boundary conditions (green are specified heads based on river elevations, red 
are no flow, and blue are specified flux). Regional flow model results from the plume analysis 
discussed in Cole et al. (1997) will be used to provide information for the two scales of modeling 
for this ITRD effort. The regional SGM will provide velocity estimates for the one-dimensional 
streamtube analysis and boundary conditions for the local scale transport model (approximately 
the scale shown in Figure 1). 
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Geologic Units Present at the Water Table, June 1998. 

Geologic Units Present at the Water Table (June 1998) 
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Figure A.2. Illustration of the Areal Extent of the Geologic Units Present at the Water Table 
(June 1998). Note that Ringold Unit 5 (i.e., middle Ringold conglomerate or 
Ringold E) is the hydrologic unit that contains the water table from 200 West to 
the western boundary of 200 East. 
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Figure 3. SOM flow model grid ( ~ 750 m regular grid) with the various lateral boundary 
conditions annotated. Green boundaries are specified heads based on river elevations, 
red boundaries are no-flow, and blue boundaries are specified flux. 
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A.3 Source Area Assumption 

Figure 4 illustrates the vertically summed median concentration contours (from 100 
realizations) for the 1993 carbon tetrachloride plume(s) in the 200 West area. This result (from 
the geostatistical analysis presented at the March 2000 workshop by Chris Murray) indicates that 
the majority of the mass of carbon tetrachloride is within the 500 m by 500 m zone outlined by 
the small black box that surrounds the high concentration portion of the plume (Figure 4). As a 
result we will assume that the majority of the remaining source is within this area and only this 
single source area will be investigated in this modeling analysis. However, the entire interpre­
tation of carbon tetrachloride concentration (i.e. , the colored area) for each plume realization will 
be used to set the initial conditions for the three-dimensional modeling. 
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Figure 4. Vertical Summation of the Simulated Median of the Carbon Tetrachloride 
Concentration in the 200 West Area in 1993 (µg/L) 
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A.4 Realizations 

The 100 realizations of concentration distributions will be used in the one-dimensional 
modeling to develop a sampling strategy. This strategy will allow a smaller number of three­
dimensional model runs to be made while developing the uncertainties in the source term and the 
maximum concentration arriving at the compliance boundary over the next 200 years (i.e. , 2000-
2200). For each of the 100 concentration distribution realizations the probability distributions 
representing the uncertainty in the transport parameters (Ki, porosity, first-order reaction rate, 
and dispersivity) will be used to prepare a parameter tablelike Table 1 

Table 1. Example of a Realization Table 

Realization Name of Concentration Kd 1st order reaction 
Number Distribution File (ml/a) Porosity half time (v) Dispersivitv (m) 

1 realization 1 .fil xx sxv xvx xxz 
2 realization 2.fil vx fxz yyy zxx 

100 realization 100.fil zx dxz XXX llZ 

A.5 One-Dimensional Streamtube Model 

The streamtube model will consider convective-dispersive transport of reactive solutes, 
subject to adsorption and first-order degradation in a homogeneous medium, and is based on the 
analytical solution developed by van Genuchten (1974). The model will be used in a Monte 
Carlo mode to address the effect of uncertainty in Ki, dispersivity, first-order abiotic reaction 
rate, and concentration distribution on the concentration of carbon tetrachloride reaching the 
compliance boundary during the 200 year model period. Uncertainty in travel time from the 
source area to the assumed compliance boundary will be addressed using a range of travel times 
along different streamlines from the source area to the compliance boundary. Uncertainty about 
what contour levels (at some distance from the source area) might be in equilibrium with the 
source will also be addressed by performing the set of Monte Carlo analysis runs for a range of 
concentration cutoff levels (e.g., 500, 750, 1000, 1250, and 1500 µg/L in the plume within the 
small black box shown in Figure 4). 

A.5.1 Domain and Inlet Boundary Concentration 

The streamtube model will consist of a 1000 m wide (see small black box in Figure 4) by 
- 5000 m long area (see dark blue rectangle in Figure 1 going from source area to the assumed 
compliance boundary). The height of the streamtube will depend both on the concentration 
distribution developed for each realization and the concentration level selected for the upstream 
source area boundary as the specified concentration at this inlet boundary. If one assumes that 
the three-dimensional plume that develops around the source area were a cube, the downstream 
exit face area that would be at the concentration cutoff level (i.e. , specified inlet concentration) 
would be equal to the 2/3 root of the volume of the plume above this cutoff level, which is what 
we will assume. Depending on the actual shape of the three-dimensional plume, the downstream 
exit face will be proportional to the 2/3 root of the volume of the plume at or above this cutoff 
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concentration level time constant. Since our streamtube width is fixed at 1000 m, the height will 
depend on the volume of the plume at or above the cutoff concentration level that will be used as 
the specified inlet concentration. As a result, the height of the streamtube for each realization 
will be equal to 111000th of the 2/3 root of the volume of the plume above the cutoff level. 

Figure A.5 illustrates the variation of the mean and median volume above the cutoff level for 
the 100 concentration realizations as a function of the specified cutoff level. This figure also 
shows the variation in the projected source term rate considering only advective flow for an 
assumed square plume and a groundwater velocity of 0.04 mid which is close to the model 
predicted velocity near the source area. Figure A.6 illustrates the variability in volume above a 
cutoff level of 1000 µg/L for the various realizations as well as the mean and the mean plus and 
minus one standard deviation. 

A.5.2 Velocity 

Velocity for the streamtube will be estimated from the 1995 SGM predictions shown in 
Figure A.7 . Table A.2 illustrates the average and range of values that will be considered. The 
line of velocity magnitudes down the actual streamtube ( dark blue box in Figure A. 7 and stream­
tube 2 in Table A.2) and lines of velocity magnitudes below and above the actual streamtube 
(dark blue box in Figure A.7 and streamtubes 1 and 3, respectively, in Table A.2) will be used to 
calculate the average, maximum, and minimum streamtube velocities for this study. 
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Figure A.5. Mean and Median Volume above a Specified Cutoff Level for the 100 
Concentration Realizations and Projected Source Term Rate Considering only 
Advective Flow as a Function of the Specified Cutoff Level 
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A.5.2 Output 

Table A.2. Streamtube Velocity Table 

v = 0.096 mlday t = 150 y 
tu e 1 Str a t e2 

mid V mid t 
0.042 48.89 0.044 
0.063 32.59 0.061 
0.065 31.59 . 58 
0.081 25.35 

5 0.160 12.83 10.27 
6 0.280 7.33 

0. 3 

v = porewater velocity, t = travel time for grid block 
grid block size = 750 m 
Streamtube length = 5.25 km 

38.74 
31 .59 

.65 

Output will be frequency plots of source term strength and fraction of source requiring 
remediation, an understanding of parameter importance, and a strategy for realization sampling 
to reduce the number of three-dimensional model runs. 

A.5.3 Realizations and Time Domain 

Realizations will be the 100 realizations drawn from the various distributions as already 
discussed (see Table A.I). The model will be run from 2000-2300 to understand the longer-term 
nature of compliance boundary arrival curves, but the analysis will be for the 2200 time period. 

A.6 Three-Dimensional Local Scale Model 

The CFEST code (Cole et al. 1988) will be used to model a three-dimensional local scale 
model to simulate transport at the approximate scale shown in Figure A. I ( orange box). This 
model will use the SGM methodology to refine the grid and develop a refined (both laterally and 
vertically) local scale model as discussed in Barnett et al. (1997). Processes considered are the 
same as for the streamtube model and include convective-dispersive transport of reactive solutes 
subject to adsorption and first-order degradation. Uncertainty in the concentration contours that 
are in equilibrium with the source will be addressed in the same way as was proposed for the 
one-dimensional modeling. Uncertainty as to what contour levels (at some distance from the 
source area) might be in equilibrium with the source will also be addressed by examining a range 
of concentration cutoff levels used to represent the source term. The parameter distributions and 
other aspects of the three-dimensional flow model are not discussed because they are the same as 
used in the SGM. 
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A.6.1 Spatial Domain and Boundary Conditions 

An subregion of the SGM as approximately shown in Figure A.1 will be selected and a 
refined plan view grid prepared that corresponds exactly to the 50 m regular grid used to do the 
statistical interpretations around the source area (i.e., the 20 by 20 regular 50 m grid within the 
black box around the source in Figure A.4). The vertical model resolution will also be altered to 
correspond exactly to the 5 m vertical grid used in the geostatistical interpretation shown in 
Figure A.4. This will allow the concentration values from the geostatistical interpretation to be 
directly used to specify the concentration distribution in this high concentration source area and 
to provide a simple means to identify the nodes that will be specified concentration boundary 
conditions representing the source. The horizontal resolution of the subregion model will be 
decreased to 100 m, then 200 m, and it will finally correspond to the SGM transport model grid 
spacing of 375 m just beyond the compliance boundary. Similarly the vertical spatial resolution 
will be decreased to correspond to the transport model grid as we move away from the source 
area. Note that the grid in Figure A.I is the SGM transport model grid. Boundary conditions for 
this subregion model will be supplied by the full=scale regional transport model. 

As with the streamtube model, the representation of the source area depends on the realiza­
tion. Within the source area (see small black box in Figure A.4), and for a selected cutoff level 
as discussed earlier all the nodes that are at or above the specified cutoff level will become 
specified concentration boundary condition nodes (value= the cutoff value). As a result, the 
shape, location and distribution of the source will vary with each realization. 

A.6.2 Realizations and Time Domain 

The realization strategy developed from the one-dimensional modeling will be used to define 
the required subsampling of the 100 realizations examined in the one-dimensional modeling. 
The model time domain for the three-dimensional model will be just 200 years (from 2000 to 
2200). 

A.6.3 Desired Output 

1. Determine the source term release for each realization that is consistent with the 
uncertainty in parameters drawn for that realization. 

2. Produce a distribution of source term release rates conditioned on uncertainty in unknown 
parameters. 

3. For each realization, determine concentrations at the compliance boundary at 200 years to 
determine the portion of the source that needs to be removed to achieve compliance. 
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Appendix B 

Volatilization Notes 

A potential mechanism for decreasing carbon tetrachloride (CT) concentration in the ground­
water is through volatilization of CT into the vadose zone. This mechanism was investigated for 
the dispersed portion of the plume. The investigation provides an estimate of the mass transfer 
rate of CT out of the groundwater and into the vadose zone. Thus, the investigation does not 
apply to areas of the vadose zone where CT sources in the vadose zone can maintain high CT 
vapor concentrations. 

There are three mass transfer processes that must be quantified to estimate the overall 
transfer to CT from the groundwater to the gas phase. Figure B.1 illustrates the concept applied 
for mass transfer at the liquid-gas interface. At the liquid-gas interface, there is a mass transfer 
resistance associated with CT molecules crossing this interface. On either side of this interface, 
there are diffusion layers (gas film and liquid film) that effect the rate at which CT can reach the 
liquid-gas interface from the bulk groundwater and the rate at which CT can move away from the 
interface into the bulk vadose zone gas phase. The estimate of overall mass transfer rate is a 
function of the parameters that control these three mass transfer processes. 
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Figure B.1. Mass Transfer Concept at the Liquid-Gas Interface 
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The parameter controlling mass transfer at the liquid-gas interface is the Henry's Law 
equilibrium partitioning coefficient. The Henry's Law coefficient is expressed as the concentra­
tion of a species in the vapor phase divided by the concentration of the species in the aqueous 
phase when these two phases are in equilibrium with respect to the species of interest. CT has a 
relatively high Henry's Law coefficient; consequently, CT readily partitions into the vapor phase 
across the liquid-gas interface. 

The diffusion processes to and away from the liquid-gas interface are controlled by the 
diffusion coefficient in the medium (water or air) and the thickness of the diffusion layer. The 
diffusion coefficients for carbon tetrachloride are 7.9 x 10-6 cm2/s and 7.3 x 10-2 cm2/s in water 
and air, respectively (Lyman et al. 1990). The thickness of the diffusion layer is dependent on 
the hydraulic regime and physical nature of the liquid-gas system. In the Hanford vadose zone, it 
was assumed that the soil gas is mixed well enough that the concentration of CT was maintained 
at near zero within 1 m above the groundwater. Thus, the diffusion layer thickness in the gas 
phase was estimated as 1 m. Because of the very slow groundwater flow rates and the physical 
nature of groundwater flow, the groundwater was considered to have minimal mixing over a 
scale of between 10 cm and 1 m. Thus the diffusion layer thickness in the aqueous phase was 
estimated as being between 10 cm and 1 m. The mass transfer rate is significantly influenced by 
the diffusion layer thickness in the groundwater and minimally influenced by the diffusion layer 
thickness in the gas phase. 

The calculated mass transfer flux rates ranged from 9 x 10-6 g/m2·d to 9 x 10-7 g/m2·d based 
on an aqueous-phase diffusion layer thickness of 10 cm and 1 m, respectively. These rates were 
converted to psuedo first-order reaction rates to compare the magnitude of rate of volatilization 
to the magnitude of the rate of abiotic hydrolysis. As described in the main report, the likely 
range of abiotic hydrolysis rates estimated for this modeling correspond to a CT half-life of 
between 36 and 290 years. The range of estimated volatilization rates correspond to a CT half­
life of between 600 and 6000 years. 

It was concluded that rate of CT volatilization was not significant compared with the other 
mechanisms of CT loss in the groundwater flow field. 

Reference 
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CT Carbon Tetrachloride 
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Executive Summary 

This report provides a review of the current published literature on potential natural attenuation 
processes that could affect the concentration of chloromethane contaminants in the groundwater 
of the Hanford Site. The processes discussed in this report include biotic and abiotic reactions 
and solid/liquid equilibrium partitioning. Contaminants that are included in the analysis are CT 
and its potential reaction products CF, DCM, and CM. 

It was found that the natural processes that are likely to affect chloromethanes in the ground­
water at Hanford include abiotic hydrolysis of CT and CF; biotic and abiotic transformation of 
DCM; and sorption of all these compounds to the soil matrix. Substantial levels of natural biotic 
transformation of CT are unlikely at Hanford because this is an anaerobic process that is 
inhibited by the dissolved oxygen present in the Hanford aquifer. Furthermore, the Hanford 
aquifer has very low levels of the organic carbon needed to support biotic transformation of CT. 
Similarly, biotic conversion of CF will be minimal in the Hanford aquifer because although the 
reaction can occur in the presence of oxygen, it also requires an additional electron donor. In 
contrast, biotic conversion of DCM may occur at Hanford because it has been reported to be 
used as an aerobic growth substrate for a variety of microorganisms. In general, the products 
from abiotic conversion of the chloromethanes are predominately nonchlorinated species. 
Products from the aerobic biotransformation of DCM are also nontoxic, nonchlorinated species. 

A substantial amount of published information was found for the equilibrium sorption of 
chloromethanes on soils. These data include several studies with soil organic carbon levels 
similar to Hanford (below 0.5%). Experimentally measured values were found to correlate well 
with the traditional predictive equations that were developed using chlorinated C I and C2 

compounds in the regression data sets. The most probable values for ~ for the Hanford aquifer 
were estimated to be 0.12, 0.06, and 0.1 L/kg for CT, CF, and DCM, respectively. 

Review of Chloromethane Transformation 

Figure 1 outlines the published biotic and abiotic reactions that have been observed for 
chlorinated methanes. The following sections discuss the published data that supports the 
reaction pathways detailed in this figure. 
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Carbon Tetrachloride 

Abiotic transformation 
There is some conflicting information in the literature for on the hydrolysis rate of CT at 25C. 
For instance, Fells and Moelwyn-Hughes (1959), as cited in the compilation by Mabey and Mill 
(1978), reported a CT half-life of 7000 years at 25C; whereas, Jeffers et al., (1989) reported a CT 
half-life of 40 years at 25C. It should be noted that these data were collected at temperatures of 
70-180C and extrapolated to 25C using the Arrhenius equation. 

A later article by Jeffers et al. (1996) addresses the discrepancy between the previous two 
sources. Essentially, through further testing ofreaction order, Jeffers et al. (1996) show that the 
hydrolysis reaction for CT is first order, as proposed in the 1989 paper and in contrast to the 
second-order interpretation that generated the 7000-year half-life in Fells and Moelwyn-Hughes 
(1959). Both the new Jeffers et al. (1996) data and a reanalysis of original data that were the 
basis for the Fells and Moelwyn-Hughes (1959) half-life calculation agree with the half-life 
reported in Jeffers et al. (1989). That is, Jeffers et al. (1996) assert and provide evidence to 
support that the extrapolated half-life of CT at 25C is approximately 40 years. 

Both Peter Jeffers and Ted Mill, the primary researchers in this field, were personally contacted. 
They agree that the estimate of 40 years for the half-life of CT in water seemed reasonable and 
that the hydrolysis reaction is appropriately modeled as a first-order reaction. A further paper by 
Jeffers et al. (1994) attempted to measure any possible effect of mineral surfaces on hydrolysis 
rate and found the rate unchanged even in the presence of sulfide minerals. Other literature on 
related compounds (Haag and Mill 1988; Deeley et al. 1991) corroborates this result and 
suggests that the hydrolysis rate determined in DI water should be a reasonable prediction of the 
rate of hydrolysis in the subsurface. However, both of these individuals thought that further 
laboratory work to verify this general assumption with Hanford sediments under ambient 
conditions would be a good idea before making a remediation decision. 

The predicted half-life for CT using the Arrhenius parameters presented in Jeffers et al. (1989) 
and Jeffers et al. (1996) over a temperature range of 10 to 25 C is plotted in Figure 2. Included 
on this plot are the upper and lower bound predictions based on the uncertainty in the Arrhenius 
parameters listed in Jeffers (1996). This plot suggests that the half-life of CT in the aquifer at 
Hanford is likely between 36 and 290 years for a temperature of about 19 C. The best estimate 
for the half-life would be about 100 years. It should be noted, however, that we have found no 
data for CT hydrolysis that were collected at ambient temperatures. As this see)llS to be an issue 
with the other chlorinated methanes (see below), it cannot be ignored for CT. 

Based on the literature and personal communication sources listed above, it is likely that neutral 
hydrolysis of CT leads to formation of CO2 and HCl, not any hazardous compounds. However, 
reductive processes leading to the formation of other chlorinated intermediates such as CF, and 
the possible presence and persistence of any chlorinated intermediates formed during hydrolysis 
of CT under conditions in the Hanford aquifer (including groundwater and sediment interactions) 
should be confirmed. 
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Biotic transformation 

Carbon tetrachloride biotransformation has been demonstrated with a number of different bacteria 
in both the laboratory and the field. The conditions that favor biodegradation of CT are predom­
inantly anaerobic. In fact, there have been no published reports of aerobic transformation of CT. In 
contrast, anaerobic transformation of CT has been demonstrated in a wide range of microbes. Table 
1 provides details on pure cultures that have demonstrated CT transformation. As is evident from 
this table, CT destruction has been observed using denitrifying, sulfate-reducing, acetogenic, 
fermentative, and methanogenic organisms. Unlike chloroethenes, CT biotransformation does not 
strictly follow a reductive dechlorination pattern with sequential removal of single chlorines to 
produce CF, DCM, CM, and methane. Rather, the presence of chloromethanes, carbon dioxide, and 
other non-chlorinated organics suggest both reductive and substitutional reactions. 

Various authors studying mixed cultures of anaerobic organisms have also reported a similar 
distribution of products. For example, Bouwer and McCarty reported that cultures of sewage 
treatment bacteria biodegraded CT to carbon dioxide and other non-chlorinated metabolites under 
methanogenic conditions using acetate as the electron donor (Bouwer and McCarty 1983a). These 
authors also demonstrated CT transformation to CF and carbon dioxide by an ethanol-fed, denitri­
fying consortium (Bouwer and McCarty 1983b ). Similar products were reported by researchers 
studying CT biotransformation under denitrifying conditions at the Hanford Site (Hooker et al. 
1998; Sherwood et al. 1996). A sulfate-reducing consortium was also reported to transform CT 
(Cobb and Bouwer 1991). In addition, Semprini speculated that sulfate-reducing bacteria were 
responsible for the CT degradation they observed during a field test of in situ bioremediation 
(Semprini et al. 1991). In both cases CF production only accounted for approximately 50% to 60% 
of the reduction in CT concentration. Other products were not identified. 
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It is important to note that in each of the above systems, CT was transformed by anaerobic 
cultures that were actively metabolizing another organic compound as an energy and carbon source. 
To date, it has never been demonstrated that CT can be used as a growth substrate. For example, 
Semprini et al. observed only minimal reductions in CT concentration during the initial phase of 
their field test of CT in situ bioremediation before primary substrates were added to the aquifer 
(Semprini et al. 1992). In contrast once substrate addition commenced there was rapid reduction in 
CT concentration with a simultaneous production of CF. 

Conversion of CT to less chlorinated methanes has also been observed in the field in 
anaerobic aquifers where CT is present as a co-contaminant with other organic compounds that can 
serve as an electron donor. Liang and Grbic-Galic (1993) observed reductions in CT concentration 
in a laboratory microcosm study using sediments from two CT and fuel hydrocarbon contaminated 
sites. These researchers also saw similar responses from an uncontaminated, but actively 
methanogenic, aquifer sediment. Chloroform formation could only account for between 15 and 
50% of the reduction in CT. No DCM or chloromethane were detected. 

Table 1: Pure cultures showing CT transformation 

Organism Condition Reported Products CM Fraction of Reference 
Products " 

Desulfobacterium Sulfate CF, DCM 60% Egli et al. 1988 
autotrophicum Reducing 
Acetobacterium Acetogenic CF, DCM, CO2 8% Egli et al. 1988 
woodii 
Methanobacterium Methanogenic CF, DCM, CO2, 34% Egli et al. 1990 
thermoautotrophicum wsc b 

Methanosarcina Methanogenic CF, CO2 13% Andrews and 
thermophila Novak 1999 
Clostridium sp. Fermentative CF, DCM 8% Galli and 

McCarty 1989 
Pseudomonas strain Denitrifying CO2 0% Criddle et al. 
KC 1990a 
Escherichia coli K-12 Fermentative CF, CO2, CBF 0 38% Criddle et al. 

1990b 
"Fraction of products that are chlorinated methanes such as CF and DCM. 
bWSC denotes unidentified water-soluble compounds. 
° CBF denotes a cell bound compound other than a volatile organic. 
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Chloroform 

Abiotic Transformation 

The literature on hydrolysis rates of CF also contains conflicting data. For example, a room­
temperature sealed-ampule study of CF hydrolysis (Dilling et al. 1975) yielded a half-live of 1.25 
years. In contrast, the extrapolated high-temperature (100-150C) data of Fells and Moelwyn­
Hughes (1959) for CF show a half-live of 3500 years at 25C. Jeffers et al., (1989) reported a 
half-life for CF of 1850 years based on data collected at 50-170 C. 

Dilling et al. (1975) stated that the faster rates obtained at 25 C were possibly due to different 
mechanisms operating at low temperature than at the elevated temperature. This possibility is 
supported by the failure of the Fells and Moelwyn-Hughes (1959) data to be adequately 
described by the standard two-constant Arrhenius equation. Other differences in the high- and 
low-temperature data sets are 1) that a large headspace ( 49-72% of the total ampule) was used in 
the low-temperature work, whereas Jeffers et al. (1989) restricted headspace to the minimum 
needed to prevent ampule breakage (about 5%), and 2) initial concentrations were 1 ppm in the 
low-temperature work, and 1125 ppm for the Fells and Moelwyn-Hughes (1959) high­
temperature data. It is unclear what the initial CF concentration was in the Jeffers et al. (1989) 
work at high temperature, although it was probably between 1 % and 10% of aqueous saturation 
(i.e., 82-820 ppm). 

Biotic Transformation 

Unlike CT, chloroform can be biologically transformed under both aerobic and anaerobic 
conditions. Aerobic destruction of CF is a co-metabolic process that is mediated by a variety of 
organisms. Table 2 provides a list of some of the most common types of co-substrates that have 
demonstrated the ability to support aerobic CF transformation. As is evident from Table 2, 
aerobic co-metabolism of CF results in complete mineralization of the toxin. 

Table 2: Metabolisms that co-metabolically degrade CF under aerobic conditions 

Organism Co-Substrate Repo1ied Products Reference 
Methylosinus trichosporium OB3b Methane CO2 Speitel et al. 1993 
Rhodococcus rhodochrous A TCC Propane CO2• Malachowsky et al. 1994 
21197 
Pseudomonas sp. strain ENVPCl Toluene CO2, \ CBF C McClay et al. 1996 

Nitrosomonas europaea Ammonia Not Reported Ely et al. 1997 
8 Products from CF not reported, but is implied as both TCE and VC produced CO2. 
bWSC denotes unidentified water-soluble compounds. 
c CBF denotes a cell bound compound other than a volatile organic. 

Anaerobic transformation of CF is similar to that for CT with the exception that it is not 
transformed by denitrifying bacteria (Bouwer and McCarty 1983; Criddle et al. 1990). CF 
biotransformation as been demonstrated by sulfate reducing (Gupta et al. 1996a; Egli et al. 
1987), acetogenic (Egli et al. 1990), fermentative (Gali and McCarty 1989), and methanogenic 
cultures (Gupta et al. 1996; Bagley and Gossett 1995; Mikesell and Boyd 1990; Bouwer and 

C.10 



McCarty 1983). In each case, CF was not acting as a growth substrate and its destruction 
requires the presence of a co-substrate. The last entry in this table represents a methanogenic 
river sediment that was not amended with an anthropogenic electron donor. Hence, the energy 
source for CF transformation is natural organic carbon. Products from biotransformation of CF 
in well-controlled laboratory studies are shown in Table 3. As is evident from this table, both 
reductive dechlorination and oxidation products are produced by the various anaerobic 
organisms. 

Table 3: Cultures showing anaerobic CF biotransformation 

Organism Condition Reported Products 

Mixed culture Sulfate reducing DCM 

Aceto bacterium Acetogenic DCM, CO2 
woodii 
Clostridium sp. Fennentative DCM 

Methanosarcina Methanogenic DCM, CO2 
barkeri 227 
Methanosarcina Methanogenic DCM, CM, CO2 
strain DCM 
Methanosarcina Methanogenic DCM, CM, CO2 
mazei S6 
Mixed culture Methanogenic CO2 

•Fraction of products that are chlorinated methanes. 
bWSC denotes unidentified water-soluble compounds. 
c CBF denotes a cell bound compound other than a volatile organic. 

Dichloromethane 

Abiotic Transformation 

Cl\I Fraction of Reference 
Products" 

5% (CM not Gupta et al. 1996b 
measured so could 

be hiwer) 
28% Egli et al. 1988 

20% Galli and McCarty 
1989 

20-60% Bagley and Gossett 
1995 

65% Mikesell and Boyd 
1990 

78% Mikesell and Boyd 
1990 

- 80% VanBeelen and 
VanK.eulen 1990 

Little published data is available on abiotic transformation of DCM. No data was found for 
reaction in a mixed mineral and aqueous system. One report was found for aqueous hydrolysis 
of DCM in DI water and a half-life of 690 years was observed at 25 C (Maybey and Mills 1978). 
No products were reported for this work. In addition, it is not known whether the experiments 
were conducted with, or without oxygen. 

Biotic Transformation 

Microorganisms transform dichloromethane under both aerobic and anaerobic conditions. 
Transformation under both conditions has been observed both cometabolically and with DCM 
acting as a growth substrate (Leisinger and Braus-Stromeyer 1995; Freedman and Gossett 1991; 
Yanghao 1990). Table 4 provides list of the reported laboratory microbial systems that 
transform DCM. It is important to note that, with the exception of the acetogen, Aceto bacterium 
woodii, the predominant products are nonchlorinated compounds. This finding is consistent with 
the lack of chloromethane in groundwater where DCM is degrading (Mehran and Wolf 1999; 
Mechaber et al. 1998). This observation implies that it may be reasonable to assume that CM 
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can be neglected as a degradation product while modeling the fate of CT in the Hanford aquifer. 
Such an assumption would eliminate reactions 6, 11, 12, 13, and 14 from the reaction scheme 
displayed in Figure 1. 

Table 4: List of organisms showing the ability to co-metabolically degrade DCM under aerobic 
conditions 

Organism Condition Co-Substrate Reported Products Reference 
Rhodococcus Aerobic; Propane CO2• Malachowsky et al. 
rhodochrous A TCC cometabolic 1994 
21197 
Soil microcosm Aerobic; None added, CO2 (15-75%) Davis and Madsen 1991 

cometabolic? but SOM • 
was present 

Soil microcosm Aerobic; None added, CO2 (15-75%) Davis and Madsen 1991 
cometabolic? but SOM • 

was present 
Mixed culture Aerobic; Glucose CO2 (- 100%) Klecka 1982 

co metabolic 
Pseudomonas strain Aerobic; growth None Complete release of Y anghao 1990 
DMl substrate er 
Mixed culture Methanogenic; None CO2, CH4, Acetate Freedman and Gossett 

growth substrate 1991 
Acetobacterium Acetogenic; co- Fructose CM Egli et al. 1988 
woodii metabolic 
Mixed culture Methanogenic; Acetate Not reported Gupta et al. 1996a 

cometabolic 
Mixed culture Sulfate Acetate Not reported Gupta et al. 1996b 

reducing; co-
metabolic 

Strain DMC Acetogenic; None Acetate Magli et al. 1995 
growth substrate 

Mixed culture Acetogenic; None Acetate (23%), CO2 Braus-Stromeyer et al. 
growth substrate (58%), Formate 1993 

(11 %) 

a SOM denotes soil organic matter. 

Chloromethane 

Abiotic Transformation 
Little published data is available on abiotic transformation of CM. No data could be found for 
reaction in a mixed mineral and aqueous system. One report was found for aqueous hydrolysis 
of CM at 25 °C, and a half-life of 0.93 years was observed (Maybey and Mills 1978). No 
products were reported for these experiments nor whether the experiments were conducted in the 
presence of oxygen .. 

Biotic Transformation 
Chloromethane can be transformed by a number of biological processes. This compound is 
cometabolized both oxidatively (Rasche et al. 1990; Stirling and Dalton 1979) and hydrolytically 
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(Keuning et al. 1985). In addition, several bacteria have been characterized which are able to use 
chloromethane as a growth substrate. These organisms include the strictly anaerobic 
homoacetogenic bacterium strain MC (Messmer et al. 1993) and several aerobic methylotrophs 
(Connell-Hancock et al. 1998; Doronia and Trotsenko 1997; Doronia et al. 1996; Hartmans et al. 
1986). Table 5 outlines the pertinent properties of these reactions including the reported 
products from CM biotransformation. 

Table 5: List of organisms showing the ability to degrade CM under aerobic conditions 

Organism Condition Co-Substrate Reported Products Reference 
Methylobacterium Aerobic None Complete er release to media Vannelli et al. 
sp. Strain CM4 1998 
Strain IMB-1 Aerobic None Not reported, but MeBr " Connell-Hancock 

transformed to CO2, and et al. I 998 
biomass 

Hyphomicrobium Aerobic None Complete er release to media Hartmans et al. 
1986 

Nitrosomonas Aerobic Ammonia Formate Rasche et al. 1990 
europaea 
Methy lococcus Aerobic Methane ND b Stirling and 
capsulatus Dalton 1979 
• MeBr denotes methyl bromide. 
b ND denotes no data was reported. 

Chloromethane Transformation in Groundwater Systems 

Tables 6, 7, and 8 summarize the published first order rate data (reported as a half-life) for 
biotransformation of CT, CF, and DCM in actual, or simulated, aquifer systems. No published 
data could be found for CM degradation rates in an aquifer system. For CT, the reported half­
life ranges from 2.8 days to 4300 days. The range of values for both CF and DCM is much 
smaller at 12 to 63 days and 2.3 to 70 days, respectively. 

The reaction products and conditions listed in Tables 6 through 8 are consistent with those 
discussed in the preceding sections for highly enriched and pure cultures. Namely, a co-substrate 
was present in all systems showing CT and CF transformation. In contrast, DCM was trans­
formed in systems without a co-substrate, suggesting it was used as a growth substrate. Further­
more, anaerobic conditions were present in all systems showing CT and CF degradation while 
DCM was degraded in both aerobic and anaerobic systems. Finally, products of transformation 
for each compound consisted of a mixture of both less chlorinated methanes and (presumably in 
many cases) non-chlorinated compounds. 

For the Hanford CT groundwater plume, which is both aerobic and in contact with sediments that 
have organic carbon levels below 0.5 wt¾ (Newcomer et al. 1995), these results suggest that no 
biological activity is currently contributing to the natural attenuation of either CT or CF. Hence 
only the abiotic reactions indicated in Figure 1 (Numbers 2, 4, and 10) and aerobic DCM 
transformation (Number 9) should be considered when evaluating the impact of natural 
attenuation on the Hanford CT plume. 
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Table 6: First-order dehalogenation rates measured for CT 

Location Temp Condition Lah or Fkld Initial Products Half Life Co-Sub\trate Reference 
r•q Oata? Concl•ntration (da~) 

(µ\I) 
raz1 anu ac B IM f: tu n.ng st I e ND A b naero ,c F Id ,e 65 650 to CF DCM 901 130 DCP 0 ar 1y et a. H d I 1999 

Tyndal AFB 35 Anaerobic Lab 10 CF 4.6 Jet fuel Liang and Grbic-Galic 
1993 

Traverse City Ml 35 Anaerobic Lab 8 CF(50%) •, 22 Gasoline Liang and Grbic-Galic 
other? 1993 

Pensacola FL 35 Anaerobic Lab IO CF( l4%) ' , 14 High carbon soil Liang and Grbic-Galic 
other? 1993 

Grinsted Landfill, ND • Anaerobic Field 0.5 to 2.3 ND • 2.8 ND ' Rugge et al. 1995 
Denmark 
Vejen Landfill, Denmark ND ' Anaerobic Field 0.8 ND' 3.5 DOC ' Nielsen et al. I 992 
Tucumcari NM ND ' Anaerobic Field 6.5 CF, DCM, 4300 Gasoline McQuillian et al. 1998 

C02?d 
Necco Park NY 10 Anaerobic Field 65 to 650 CF,DCM 340 Landfill leachate Lee et al. 1995 
• DCP denotes dichloropropane. 
bND denotes no data was reported. 
' Values in brackets indicate the quantity of the transformed parent compound present as a less chlorinated species . 
d Carbon dioxide implicated by lack of mass balance on CF and DCM, not verified with direct measurement. 
•ooc denotes dissolved organic carbon. 
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Table 7: First-order dehalogenation rates measured for CF 

Location lcmp Condition Luh or Initial Products Half Co--Suhstratc Reference 
("C) Field Concentration Life 

Datu'! (µ'\I) {du~) 

Merwede River, 10 Anaerobic Lab 34 CO2(60%) ' 12 High carbon soil VanVeelen and 
Netherlands Keulem 1990 
CA chemical plant 20 Anaerobic Field 268 DCM, CO2° 63 Yes, olherGW Cox et al. 1998 

contaminants 
Gulf Coast, open pond 15 Anaerobic Field 126 Not reported 25 High carbon soil Falhepure et al. I 995 
(a) Value in brackets indicates the quantity of the transfonned parent compound present as a less chlorinated species. 
fb) Carbon dioxide fonnation is speculated, but was not verified by direct measurement. 

Table 8: First-order dehalogenation rates measured for DCM 

Location Temp Condition Lab or Initial Products Half Co-Substrate Reference 
(DC) Fit'ld Concentration Lile 

Outa'! ( \I) (da~) 
Not stated ND' Anaerobic Lab 1200 CO2, er 2.3 None Biehle et al. 1999 
Los Angeles, CA ND ' Sequential Field 12,000 NCh 0 4 None Mehran and Wolf 

Anaerobic/ 1999 
Aerobic 

Near surface soil, location not 25 Aerobic Lab 6 CO2, Others? 7 to 70 None Davis and Masen 
stated 1991 
Near surface soil, location not 25 Anaerobic Lab ND ' ND ' 22 None Davis and Masen 
stated 1991 
Not stated ND ' Anaerobic Field <15 ND ' 63 Unspecified co- Mechaber et al. 

contaminants 1998 
(a) ND denotes no data was reported. 
(b) NCh denotes the products were non chlorinated species since no CM was fonned. 
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Sorption of Chloromethanes on Hanford Sediments 

Movement of chemicals across the water/sediment interface is primarily a sorption-desorption 
process governed by the solubility of the particular chemical in water and its affinity to the solid 
phase. In high carbon soils, it has been demonstrated that the amount of nonionic organic 
chemicals sorbed varies from soil to soil and that such variations are primarily caused by the 
organic content of the soil (Chang et al. 1992; Lyman et al. 1990; Bishop et al. 1989). However, 
mineral driven sorption also becomes important as organic carbon content diminishes to below 
0.1 % (Kile et al. 1995). At levels of organic carbon above 0.1 %, the normalized sorption 
coefficient (Koc) represents an important parameter that can be used to estimate the soil/water 
equilibrium partition coefficient (~) by the equation: 

(1) 

Where foe is the mass fraction of organic carbon (mass-oc/mass-soil) in the soil and~ is the 
soil/water equilibrium partition coefficient [(mg/kg-soil)/(mg/L)]. It is important to note that at 
levels of organic carbon below approximately 0.1 %, this relationship will likely under estimate 
~ since it neglects mineral driven sorption (Stephanatos et al. 1991 ). In these cases the real 
quantity of attached material will be higher than those predicted by Equation (1 ). 

Many researchers have developed methods for estimating Koc based on measurable properties 
such as the octanol/water partition coefficient (Kow)- Four of the most common correlations are 
given in the following equations (Lyman et al. 1990; Bishop et al. 1989). 

log(K
0
c) = 3.64- 0.55 x log(S) 

K oc = 0.63 X K 0 w 

log(K
0
J = 5.3-0.54xlog(Wx109

) 

log(K
0
J = 4.277 -0.557 x log(Sm) 

(2) 

(3) 

(4) 

(5) 

Where Sis the water solubility of the organic compound (mg/L), Sm is the molar water solubility 
of the organic compound (µmol/L) , and W the water solubility in mole fraction (mole­
compound/mole-water). Table 9 provides information on the data used to develop each of these 
predictive equations. Table 10 details the value of the required input parameters for the 
chlorinated methanes while Table 11 lists the values of Koc estimated by equations 2 and 5 for 
chlorinated methane. Equations 2 and 5 are likely to provide the most reliable predictions of Koc 
for chloromethanes because the value of the input parameters is within the range used to develop 
these equations. In addition, halogenated C 1 and C2 compounds were included in the regression 
data used to develop Equations 2 and 5, but not Equations 3 and 4. Experimentally measured 
values of Koc for chloromethanes from a variety of studies are given in Table 12 for comparison. 
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Table 9: Information on predictive equations for Koc 
Equation Range of Range of K0 , " Comment 
Number Independent 

Parameter" 
2 5 XI 04 

:S s :S I XI 06 I :S I«< :S I X 106 Wide variety of compounds, dibromomethane 
was only halogenated C1 or C2 

3 1 X 102 
:S !<ow :S 4 X 106 I 00 :S I«< :S 1 X I 06 Mostly aromatic compounds, no halogenated 

C1 or C2 
4 3x 10-11 s W s 4x 10-5 80s Kx, s lxI06 Mostly aromatic compounds, no halogenated 

C1 or C2 
5 2 X 10-3 

:S Sm :S 1 X 105 30 :S I«< :S 1 XI 06 Chlorinated hydrocarbons including TeCA, 
TCA, DCA, PCE, dibromomethane 

(a) Approximate range of data used for regression equation. 

Table 10: Physical properties used to estimate organic carbon sorption coefficient 

Compound l\lolecular Weight s Sm \\' K.,. 
(mg/L) (µmol/L) (mol/mol) 

CT 153.8 800 5200 9.4xl0-5 537 
CF 119.4 8200 6.9x104 1.2xl0-3 85.1 
DCM 84.9 13000 l.Sxl 05 2.8x10-3 14.1 
CM 50.5 6400 l.3xl05 2.3xl0-3 26.9 
(a) Koc values were taken from those compiled by Chang et al. 1992. 

Table 11: Estimated Koc values for chloromethanes 

Koc (~lg/g-oc)/(µg/mL) 
Compound Eq.2 Eq 5 

CT 110.48 161.11 

CF 30.72 38.26 

DCM 23.84 24.49 

CM 35.33 27.29 
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Table 12: Published values of Koc for chloromethanes 

Koc (µg/g-oc)/(µg/mL) 
Reference Comment 

CT CF DCl\1 CM ----Jeng et al. 1992 122 76.8 47.4 ND " Data is a compilation of 
information measured by 
others. 

Wal ton et al. 1992 143.6 ± 32.1 b 37.4±8.6 b ND " ND • Silty loam with an organic 
carbon content of 1.5%. 

Walton et al. 1992 48.9 ± 16.2 b 30.0± 2.6 b ND " ND • Sandy loam with an organic 
carbon content of0.7%. 

Duffy et al. 1997 55.0± 1.0 b ND • ND • ND • Soil with an organic carbon 
content of 1.5%. 

Duffy et al. 1997 77.6±1.3 b ND • ND • ND " Soil with an organic carbon 
content of0.53%. 

Duffy et al. 1997 269 ± 2 b ND • ND " ND " Soil with an organic carbon 
content of0.14%. 

Peng and Dural 1998 121.9 153.5 ND " ND • Measured with Missouri Soil. 
Peng and Dural 1998 150.4 196.9 ND • ND • Measured with California 

Soil. 
Peng and Dural 1998 121.0 190.0 ND • ND • Measured with Florida Soil. 
Kile et al. 1999 59.1±7.5b ND • ND • ND • Average of 17 near surface 

soils with organic carbon 
ranging from 1.1 % to 5.6%. 

Kile et al. 1999 106.7 ± 13.44b ND • ND • ND • Average of 9 river bottom 
sediments with organic carbon 
ranging from 1.4% to 5.6%. 

Kile et al. 1995 60 ± 7 b ND • ND • ND • Average of32 near surface 
soils with organic carbon 
ranging from 0.16% to 6.1 %. 

Kile et al. 1995 102 ± 11 b ND • ND • ND " Average of36 bed sediments 
with organic carbon ranging 
from 0.11 % to 4.7%. 

(a) ND denotes no data was reported for this compound. 
(b) Value reported as an average(± standard deviation). 

Estimating the soil/water equilibrium partition coefficient for Hanford requires a knowledge of 
the organic carbon of aquifer sediments. Values for foe for the Hanford aquifer are listed in 
Table 13 . The first two entries in this table correspond to values determined at the in situ 
bioremediation test site approximately 1.5 km northeast of the Plutonium Finishing Plant. The 
third entry represents the value used in the 1990 assessment of liquid effluents at the Hanford 
Site (WHC 1990). No reference was given in this document to the source of the value. The final 
value corresponds to that measured for a Hanford silty sand used by Washington State University 
will study the effects of soil vapor extraction on CT. 
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Table 13: Organic carbon fraction data for the Hanford aquifer 

Location 
299-wl 1-30 
4 sam !es 

5 sam !es 

Depth BGS (m) 
67 to 85 

74 to 77 

Max f,,.. 

7.6x104 

Min fur 
I 

0 

Quoted value NA I.00xI0·3 ND a 

for Hanford, no 
su ortin data 
299-wl5-31 40 to 43 l.10xI0·3 ND a 

(a) ND denotes no data was reported for this compound 
NA denotes the arameter is not a licable 

Av ±St dev Reference 
Newcomer et al. 
1995 -2.7xl04 ± 2.9x10·4 Newcomer et al. 
1995 

NA WHC 1990 

NA Ford 1996 

An estimate for the range and most probable value for Ki of each chloromethane at Hanford was 
derived from the data and information presented in this report. Equation 1 was used to calculate 
Ki based on reported or calculated data for foe and Koc- However, it is important to note that the 
predicted Kdfrom Equation I for Hanford may be an under estimate since the organic carbon 
fraction of the Hanford aquifer sediments are very close to the lower limit of applicability for this 
correlation. This potential to under predict sorption is demonstrated by the fact that Zhao et al. 
(1999) report a measured Ki value of 0.39 for CT in a soil with an organic carbon content below 
their detection limit of 0.03%. In contrast, the predicted Ki for CT in a soil with an organic 
carbon content of 0.03% ranges from 0.013 to 0.12 (L/kg) based on the values of Koc reported in 
Table 11 and Table 12. 

The estimated range of Ki values for CT was determined by examining the range of calculated 
and reported Ki values from the literature. Table 14 reports the maximum values of Ki that are 
predicted from Equation 1 using the Koc values reported in Table 11 , along with the highest 
organic carbon fraction reported in Table 13 (0.0052) . Maximum values for Ki determined in 
field studies are listed in Table 15. These values are based on the highest organic carbon fraction 
reported in Table 13 (0.0052) and Koc (Table 12) values from each individual study. For CT, Kd 
values calculated using the foe and Koc values measured in each study are shown in parentheses 
next to the maximum value. The maximum value of Ki selected from this information is 0.83 
L/kg. There is one Ki value reported in Table 15 that is higher than the selected maximum, but 
the study conditions and results suggest that a Ki calculated using the measured Koc and an foe 
value from another source would not be reasonable. 

Table 16and Table 17 provide minimum Ki estimates using an foe of 0.0027, the lowest average 
foe value determined from the data reported by Newcomer et al. (1995) . Values in Table 16 are 
calculated using the Koc values reported in Table 11. Values in Table 17 are calculated from 
field data using the Koc values reported in Table 12. Another estimate for the minimum Ki was 
obtained by applying Equation 1 with the lowest average foe value determined from the data 
reported by Newcomer et al. (1995) and a Koc value of 60. As shown in Table 13, the low 
average of measured foe corresponds to an organic fraction of 0.00027 (0.027%). The Koc value 
(60 (ug/g-oc)/(ug/mL)) was selected from an extensive survey of soils conducted by Kile et al. 
(1995) showing relatively consistent Koc values over a wide range of soil types and organic 
carbon content.. The minimum Ki value calculated using this technique is 0.016 L/kg. This 
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value is consistent with many of the lower Ki values listed in Table 17 and was selected as the 
minimum Ki value for use at Hanford. 

The selected range of values of Ki for CT is 0.016 to 0.83 L/kg. The most probable value within 
this range was selected as 0.12 L/kg. This value corresponds a Ki calculated using a Koc value 
measured from an extensive survey of soils conducted by Kile et al. (1995) showing relatively 
consistent Koc values over a wide range of soil types and organic carbon content. The foe value 
used in the calculation of most probable Ki was 0.002. This value for foe is the average of the 
maximum foe values reported in Table 13 and is considered to be a reasonable compromise of foe 
information for the Hanford Site. 

Similarly, Tables 14 through 17 show range of Ki values for CF and DCM. For CF, the range of 
Ki values selected from this information is 0.008 to 0.39 L/kg. For the maximum Ki value, the 
data from Peng and Dural (l 998)was not considered due to the study conditions. The most 
probable Ki value of 0.06 L/kg was selected using the same foe as used for the CT estimate and a 
Koc value of 30 (µg/g-oc)/(µg/mL) (experimental value of Walton et al. 1992). Only limited data 
are available for DCM. The selected range of Ki values is 0.013 to 0.24 L/kg based on the 
available Koc value (47 (µg/g-oc)/(µg /mL)) and the minimum and maximum foe values used in 
the CT calculations. The most probable Ki value of 0.13 L/kg is a simple average of the 
minimum and maximum values. 

For comparison, the values for Ki evaluated in the previous Hanford CT modeling report by 
Chiaramonte et al. (1996) were O and 0.114 (L/kg) for CT and O and 0.016 (L/kg) for CF. 
Clearly, these are somewhat lower that those predicted from the analysis described in this report. 

Table 14: Maximum estimates for the solid/liquid equilibrium partition coefficient based on Koc 
data reported in Table 12 and the maximum foe in Table 14 

Kd (µg/g-soil)/(µg/mL) 
Compound Equation 2 Equation 5 

CT 0.57 0.83 
CF 0.16 0.20 
DCM 0.12 0.13 
CM 0.18 0.14 
(a) ND = no data was reported for this compound. 
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Table 15: Maximum estimates for the solid/liquid equilibrium partition coefficient based on Koc 
data reported in Table 13 and the maximum foe in Table 14 

Kd (ug/g-soil)/(ug/mL) 
Reference CT CF DCl\f C lVI Comment 

Jeng et al. 1992 0.63 0.40 0.24 ND " Data is a compilation of 
information measured by 
others. 

Walton et al. 1992 0.74±0.17 0.19 ±0.04 ND " ND " Silty loam with an 
(2.1) organic carbon content 

ofl.5% 
Walton et al. 1992 0.25 ± 0.08 0.15 ± 0.01 ND " ND " Sandy loam with an 

(0.34) organic carbon content 
of0.7% 

Duffy et al. 1997 0.28 ± 0.01 ND " ND " ND " Soil with an organic 
(0.83) carbon content of 1.5% 

Duffy et al. 1997 0.40 ± 0.oI ND " ND " ND " Soil with an organic 
(0.41) carbon content of0.53% 

Duffy et al. 1997 1.4±0.01 ND " ND " ND " Soil with an organic 
(0.38) carbon content of0.14% 

Peng and Dural 1998 0.63 0.79 ND " ND " Measured with Missouri 
Soil 

Peng and Dural 1998 0.77 1.0 ND " ND " Measured with 
California Soil 

Peng and Dural 1998 0.62 0.98 ND " ND " Measured with Florida 
Soil 

Kile et al. 1999 0.30 ± 0.04 b ND " ND " ND " Average of 17 near 
surface soi ls. 

Kile et al. 1999 0.55 ± 0.07 b ND " ND " ND " Average of 9 river 
bottom sediments. 

Kile et al. 1995 0.3} ± 0.04 b ND " ND " ND " Average of32 near 
surface soils with 
organic carbon ranging 
from 0.16% to 6.1 %. 

Kile et al. 1995 0.53 ± 0.06 b ND ' ND ' ND ' Average of36 bed 
sediments with organic 
carbon ranging from 
0.11 % to 4.7%. 

(a) ND denotes no data was reported for this compound. 
(b) Value reported as an average(± standard deviation). 
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Table 16: Minimum estimates for the solid/liquid equilibrium partition coefficient based on Koc 
data reported in Table 12 and an foe of 0.00027 

Kd (ug/g-soil)/(ug/mL) 
Compound Equation 2 Equation 5 

CT 2.99x10-2 4.35xl0-2 

CF 8.39x10-3 l.05xl0-2 

DCM 6.29x10-3 6.82xl0-3 

CM 9.44x10-3 7.34xl0-3 

(a) ND = no data was reported for this compound 

Table 17: Minimum estimates for the solid/liquid equilibrium partition coefficient based on Koc 
data reported in Table 13 and an foe of 0.00027 

Kd ( ug/g-soil)/( ug/mL) 
Reference CTb CF b DCM CM Comment 

Jeng et al. 1992 0.033 0.021 ± 0.002 0.013 ND • Data is a compilation of 
information measured by 
others. 

Walton et al. 1992 0.039 ± 0.009 0.010 ± 0.001 ND • ND • Silty loam with an 
organic carbon content 
of 1.5% 

Walton et al. 1992 0.013 ± 0.004 0.0079 ND • ND • Sandy loam with an 
organic carbon content 
of0.7% 

Duffy et al. 1997 0.Dl5 ± 0.003 ND • ND • ND • Soil with an organic 
carbon content of 1.5% 

Duffy et al. 1997 0.021 ± 0.003 ND • ND • ND • Soil with an organic 
carbon content of0.53% 

Duffy et al. 1997 0.073 ± 0.005 ND • ND a ND • Soil with an organic 
carbon contentof0.14% 

Peng and Dural 1998 0.033 0.041 ND • ND • Measured with Missouri 
Soil 

Peng and Dural 1998 0.040 0.052 ND • ND • Measured with 
California Soil 

Peng and Dural 1998 0.033 0.051 ND • ND • Measured with Florida 
Soil 

Kile et al. 1999 0.016 ± 0.002 ND • ND a ND • Average of 1 7 near 
surface soils. 

Kile et al. 1999 0.029 ± 0.004 ND • ND • ND • Average of 9 river 
bottom sediments. 

Kile et al. 1995 0.016 ± 0.002 ND • ND • ND • Average of32 near 
surface soils with 
organic carbon ranging 
from 0.16% to 6.1 %. 

Kile et al. 1995 0.028 ± 0.003 ND • ND • ND • Average of 36 bed 
sediments with organic 
carbon ranging from 
0.11 % to 4.7%. 

a ND denotes no data was reported for this compound. 
b When possible, values are reported as an average(± standard deviation). 
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Summary 

Natural processes that are likely to affect chloromethane contamination in the groundwater at 
Hanford include abiotic hydrolysis of CT and CF; biotic and abiotic transformation of DCM, and 
sorption of these compounds to the soil matrix. The reaction processes are summarized in 
Figure 3. 

CT 
2 

2 

CF 

4 (?) 

DCM 

· · · · · · · · · • Aerobic Direct Metabolism 

___ .,.Abiotic Transformation 

Figure 3: Transformation pathways that can be expected to occur at Hanford. 
Numbers next to each reaction refer to reaction numbers that are referenced in the text. 
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Assuming first order reactions, the following equations describe the potential effects of abiotic 
and biotic transformation on CT, CF, and DCM in the Hanford groundwater. 

~I =k;T ·[CT] 
at] reaction 

(6) 

CT [ ] CF [ ] = ka . CT . y (CF / CT) -ka . CF 
(7) 

reaction 

=kCF ·[CF] · Y. -(kDCM +kDCM)·[DCM] . a (DCM / CF ) a b 
(8) 

reaction 

where k ai is the first order abiotic transformation rate for the ith compound, kbi is the first order 
biotic transformation rate for the ith compound, Y(cFtCT) is the yield of CF from abiotic 
transformation of CT, and Y(ncwcF) is the yield of DCM from abiotic transformation of CF. 

Ranges for each parameter listed in Equations 6 through 8 are given in Table 18. These values 
are based on the results reviewed in the previous sections. Table 18 also provides the expected 
range of values for the soil/water equilibrium partition coefficient for CT, CF, and DCM. As 
described in the preceding sections, CM is ignored since the products from both biotic and 
abiotic transformation of DCM are predominately nonchlorinated (Braus-Stromeyer et al. 1993; 
Freedman and Gossett 1991 ; Yanghao 1990). In addition, CM is readily degraded as a growth 
substrate by many aerobic organisms, and, even if formed, it will be rapidly consumed in the 
Hanford aquifer. 

Table 18: Range of parameters for modeling fate of chloromethanes in Hanford Aquifer 

Parameter Maximum Minimum Most Comment 
Value Value Probable 

Value 
k.cT (day-1) 4.6 X 10-5 2.7 X 10-7 4.6 X 10-5 Work by Jeffers et al. (1989) 

aooears to be more reliable. 

k/F (dai1) I.I X 10-6 5.9 X 10-7 I.I x I 0-6 Work by Jeffers et al. (1989) 
appears to be more reliable. 

ka°cM (dai') 2.8 X ]0-6 2.8 x I 0-6 2.8 X ]0-6 Only one measured value 
available for this parameter. 

kb DCM (dai1) 3.0 X 10-I 9.9 X 10-) J.7 X 10-I Most probable value is based field 
test by Mehran and Wolf (1 999) 
in an aerobic aquifer. 

YcCFJcn (mole/mole) 0.2 0.1 0.1 Most studies showed CF 
production to be closer to the 
lower value. 

YcocM/CFJ (mole/mole) 0.2 0.1 0.1 No data available for this, so 
based on CT to CF reaction . 

KiCT (L/kg) 0.83 0.01 6 0.12 See text. 

KiCF (L/kg) 0.39 0.008 0.06 See text. 

KiDCM (L/kg) 0.24 0.01 3 0.10 See text. 
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Recommendations 

Based on a review of the available site data and published literature, it is recommended that site­
specific values for both the soil/water equilibrium partition coefficient and the abiotic hydrolysis 
half-life be determined for CT, CF, and DCM. Neither parameter has been measured for the 
Hanford system. 
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Appendix D 

Simulation Parameters and Results 
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88 21 .12 3000 1390 0.0031 118.7 e3.17 5125 0.1 1950 7500 2.719 1.47E-02 26.72 0 0 O 47.2 641.7 
89 35.11 3000 1210 01989 155.9 48.11 5125 0.1 1950 7500 3.332 9.30E-03 50.87 0 0 0 74.5 486.3 
90 27.31 3000 620 2.1074 84.8 88.45 5125 0.1 1950 
91 41 .97 3000 1090 0.0695 137.9 54.37 5125 0.1 1950 
92 33.28 3000 1090 0.3906 100.2 74.88 5125 0.1 1950 
93 58.37 3000 580 2.691 1 119.4 62.79 5125 0.1 1950 
94 22.02 3000 790 1.1024 115.1 65.14 5125 0.1 1950 
95 31 .31 3000 440 0.7893 90.61 82.78 5125 0.1 1950 
96 42.82 3000 200 9.8423 124.4 60.31 5125 0.1 1950 
97 47,98 3000 2290 0.0742 162.1 46.28 5125 0.1 1950 
98 38,R, 3000 1350 0.2795 93.84 79.92 5125 0.1 1950 

i~ #11#### ! ::~i7.44E-03 ::, 93.~ 32_~ ~ :::: ~;:; 

7500 ###JUI# 2.961 47.7 57.26 0 0 82.5 456 
7500 ###### 2.644 31.4 92.6 26.03 0 63.5 232.1 
7500 ###### 1.975 59.75 82.59 0 0 104.6 459.8 
7500 925000 0.1016 ti##### 1.721 62.93 80.87 0 0 46.8 281 .6 
7500 1487500 0.0743 ###### 1.249 75.81 97.89 78.94 0 46.7 149.5 
7500 2212500 0.0663 ###### 5.307 26.21 0 0 0 79.3 566.8 
7500 975000 0.0816 ###### 3.906 71.09 44.04 0 0 90.7 514.9 

99 62.75 3000 1450 0.1974 104 72.12 5125 0.1 1950 7500 11 37500 0.0507 11##11## 5.028 2 44.5 12.21 0 0 66.1 410.7 
100 63.25 3000 HMO 0.0906 118.7 63.17 5125 0.1 1950 
101 24.16 3000 1720 0.3602 104.8 71 .59 5125 0.1 1950 
1021 25.95 3000 400 8.0381 139.3 53.86 5125 0.1 1950 
103 43.4 3000 1490 0.1304 129.9 57.75 5125 0.1 1950 
104 31.34 3000 2370 0.1132 131.9 56.85 5125 0.1 1950 
105 23.6 3000 540 1.663 154 48.7 5125 0.1 1950 
106 55.04 3000 560 2.009 118 63.55 5125 0.1 1950 

7500 :1 0.0503 - 5.874 2 35.04 0 0 0 66.8 476 
7500 0.1317 ###### 3.344 70.34 51 .53 0 0 150.8 709.4 
7500 0.1226 ###### 1.422 45.37 97.11 71.13 0 104.2 280.9 
7500 0.0733 ###### 4.489 64.56 0 0 0 74.9 530.1 
7500 0.1015 #11#### 4.461 41 .38 0 0 0 115.7 729.4 
7500 0.1348 ###### 1.585 2 19.01 64.56 0 0 67.7 344.1 
7500 1375000 0.0578 ###### 2.523 2 29.67 90.21 2.1 0 55.6 234.9 

107 29.62 3000 720 0.0926 187. 40.04 5125 0.1 1950 7500 2750000 0.1074 ###### 2.421 -02 69.95 0 0 0 46.4 418.9 
108 26.42 3000 1130 0.6987 182.8 41 .04 5 125 0.1 1950 7500 2650000 0.1204 #11#### 2.522 -03 22.75 56.4 0 0 100 489.2 
109 21.8 3000 980 0.0401 131 .9 56.85 5125 0.1 1950 7500 1625000 0.1459 ###### 2.339 -02 51.43 0 0 0 55.7 549.7 
110 47.41 3000 1130 0.0526 127.1 58.99 5125 0.1 1950 7500 1537500 0.0671 ###### 4.398 1.46E-02 77.02 0 0 O 47.3 475.4 
111 29.13 3000 1480 0.0043 97.02 77.3 5125 0.1 1950 7500 1025000 0.1092 ###### 3.516 1.53E-02 39.76 0 0 0 -45.3 618.6 
112 28 3000 540 4,0085 110 68.18 5125 0.1 1950 7500 1237500 0.11 36 #11#### 1.749 6.91E-03 43.41 95.43 54.26 O 100.3 320.1 
11 3 30.74 3000 1120 0.0527 132.6 56.56 5125 0.1 1950 
114 35.47 3000 900 3.3044 150.9 49.71 5125 0.1 1950 
115 4597 3000 610 1.0964 110 68.18 5125 0.1 1950 
116 47.77 3000 1420 0.7925 131.9 56.85 5125 0.1 1950 
117 31.1 3000 740 4.6164 94.64 79.25 5125 0.1 1950 
118 26.8 3000 510 1.5327 166.3 45.1 5125 0.1 1950 
119 22. 18 3000 1360 0.8825 157.7 47.54 5125 0.1 1950 
120 30.47 3000 870 24 1.2271 150.2 49.92 5125 0.1 1950 
121 43.58 3000 1210 3 0.1179 108.5 89.11 5125 0.1 1950 
122 22.89 3000 650 0.676 122. 61 .34 5125 0.1 1950 
123 49.86 3000 970 15.845203 0.7935 150.2 49.92 5125 0.1 1950 

! • ~I ~ ~ 1 i :~ ~ 
7500 1975000 0.0638 11###11# 3.239 9.97E-03 23.78 68.44 0 0 69.5 332.9 

124 26.78 1660 0.923965 0.0423 137. 54.64 5125 0.1 1950 7500 1725000 0.1188 tu#Ui## 3.432 9.32E-03 41 .73 0 0 o 74.4 656.8 
125 60.37 3000 1100 11.406111 0.4211 110.7 67.72 5125 0.1 1950 7500 1250000 0.0527 ###### 4.484 9.58E-03 73.56 56.16 0 0 72.3 380.7 
126 23.88 3000 370 75.641408 2.0521 81.39 92.15 5125 0.1 1950 7500 787500 0.1332 ####It# 1.295 1.21E-02 58.57 93.39 33. o 57.5 277.9 



Sirrl.llation Parameters and Resulla: 1% lnven\ory case 

Tmeof Ma,lmun Requir9d Required 

Maxmum Maximum Rel-eRakl Remaining Volume at Of Fl..i Soun>, ..... "' Requ.-ed 

" Concentration " 1-0 Camon above Fixed """" a.a,.., Cleanup Source Cleanup Abiolic C8ri>on 
Fixed Source Compliance Compliance Compliance Soun, Sou<oe Streamlube .... Bok Tetrachloride So.m Ro~ Longitudinal Percentage Percentage Percentage Reaction Telr8Chloride 

Velocity Concentration Bou>da,y ·- Bouooo,y e Rale Duration l ongth POfOSity Densty _,.,, Coocentrallo Porosity Kd Constant Olspersivlty (5~gl1.. (50 ~g,1. r-~:~) Hatf Tme Travel Time 

Realization ,-, (""") M '""" '"""' ,(K•M M Im) lfm'lm1 {Kelm' ) (Ka) n(m3) {m'lm') (m1/Kal Re\ardalion (1M (m) Compliance) Compiance) (y) (y) 

127 53.74 3000 620 9233732 0.3248 105.5 71.06 5125 0.1 1950 7500 11 62500 0.0592 1###### 3.104 1.65E~2 86.02 45.65 0 0 42 296.1 
128 62.62 3000 780 147.668812 5.5965 113.7 65.97 5125 0.1 1950 7500 1300000 0.0508 - 3.162 5.30E-03 28.81 96.61 66.15 0 130.7 258.8 
129 28.84 3000 390 197.549082 5.5839 84.8 88.45 5125 0.1 1950 7500 837500 0.11 03 - 1.465 8.23E~3 61 .96 97.47 74.69 0 84.2 260.4 
130 23.76 3000 340 37.930642 1.7019 134.6 55.72 5125 0.1 1950 7500 1675000 0.1339 - 1258 1.39E.Q2 41.03 86.82 0 0 49.7 271 .3 
131 25.51 3000 520 9 .368479 0.549 175.8 42.66 5125 0.1 1950 7500 2500000 0.1247 - 1.698 1.31E~2 41.95 46.63 0 0 53 341 
132 47.27 3000 1630 0.287273 0.0118 123.7 60.65 5125 0.1 1950 7500 1475000 0.0673 - 4.812 1.55E~2 37.09 0 0 0 44.9 521 .7 
133 38.38 3000 1320 5.171792 0.2655 15' 48.7 5125 0.1 1950 7500 2050000 0.0829 - 3.842 7.86E-03 70.23 3.32 0 0 B8.2 513 
134 23.94 3000 2510 0 .395449 0.0224 169.9 44.15 5125 0.1 1950 7500 2375000 0.13291###### 4 .025 7.43E-03 3524 0 0 0 93.3 861 .7 
135 34.5 3000 720 126.236193 5.4651 129.9 57.75 5125 0.1 1950 7500 1587500 0.0922 - 2.352 3.30E-03 74 .31 96.04 60.39 0 209.8 349.4 
136 27.14 3000 770 25.347663 0.8064 95.44 78.58 5125 0.1 1950 7500 1000000 0.11 72 - 2.053 9 .68E~3 22.44 80.27 0 0 71 .6 387.7 
137 61.3 3000 910 88.68 11 47 .7786 127.8 58.67 5125 0.1 1950 7500 1550000 0.0519 ...... 3.476 4 .97E~3 37 .88 94.36 43.62 0 139.5 290.6 
138 45.51 3000 630 39.332416 1.519 11 5.9 64.73 5125 0.1 1950 7500 1337500 0.0699 - 2.682 9 .09E-03 84 .52 87.29 0 0 76.3 302 
139 23.72 3000 970 22.663297 1.187 157.1 47.73 5125 0.1 1950 7500 2112500 0.1341 - 2.213 O.Ul:IE-03 31 .74 77.94 0 0 113.9 478 
140 22.28 3000 760 38.997347 1.8781 144.5 51.91 5125 0.1 1950 7500 1862500 0.1428 - 1.869 6.37E-03 33.22 87.18 0 0 106.8 430 
141 25.64 3000 670 75.760894 3.2281 127.8 58.67 5125 0.1 1950 7500 1550000 0.1241 - 1.878 5.92E-03 39.15 93.4 34 0 117.1 375.5 
142 29.93 3000 1230 7.27099 0.3898 160.8 46.63 5125 0.1 1950 7500 2187500 0.1063 - 3.091 6 .85E~3 61 .91 31.23 0 0 101 .2 529.2 
143 22.06 3000 1320 15.711529 0.6403 122.3 61 .34 5 125 0 .1 1950 7500 1450000 0.1442 - 2.646 4 .84E~3 58.49 68.18 0 0 143.3 614.6 
144 42.19 3000 1780 0.043248 0.0021 145.8 51.45 5125 0.1 1950 7500 1887500 0.0754 - 4.771 1.78E~2 31.3 0 0 0 39 579.5 
145 44.31 3000 1800 0.177814 0.0059 100.2 74 .88 5125 0.1 1950 7500 1075000 0.07 18 - 5.047 1.56E.Q2 39.43 0 0 0 44.4 583.8 
146 39.82 3000 1030 2 ,:n.lll95 0.0725 9623 77.94 5125 0.1 1950 7500 1012500 0.0799 - 3.571 1.38E~2 71 .64 0 0 0 50.3 459.6 
147 33.-45 3000 1200 0.623939 0.0341 163.9 45.77 5125 0.1 1950 7500 2250000 0.0951 - 3.043 1.44E-02 22.51 0 0 0 48.2 466.2 
148 43.52 3000 760 24.001 43 1.1559 144.5 51.91 5125 0.1 1950 7500 1862500 0.0731 - 2.800 8 .86E~3 58.11 79.17 0 0 78.3 330.7 
149 21.89 3000 1270 30.06-4156 0.9644 96.23 77.94 5 125 0.1 1950 7500 1012500 0.1453 - 2.625 3 .97E-03 79.41 83.37 0 0 174.8 614.5 
150 36.78 3000 330 62.881297 2.4284 115.9 64.73 5125 0.1 1950 7500 1337500 0.0865 - 1.607 1.41 E~2 80.46 92.05 20.49 0 49.3 224 
151 39.57 3000 640 4.297289 0.1649 11 5. 1 65.14 5125 0.1 1950 7500 1325000 0.0804 - 2.589 1.69E-02 67.82 0 0 0 41 3352 
152 25.47 3000 1870 0.615958 0.0274 133.3 56.28 5125 0.1 1950 7500 1650000 0.12491###### 3.518 9.18E-03 35.62 0 0 0 75.5 707.8 
153 24.47 3000 340 88.057958 2.8247 9623 77.94 5125 0.1 1950 7500 1012500 0.13 ###### 1269 1.16E.Q2 61 .52 94.32 43.22 0 59.7 265.7 
154 55.42 3000 1800 6 .12-4974 0.1997 97.81 76.68 5125 0.1 1950 7500 1037500 0.0574 ###### 4 .996 8.70E-03 30.88 18.37 0 0 79.6 462 
155 56.91 3000 630 315.472485 12.031 11 -4 .-4 65.55 5125 0.1 1950 7500 1312500 0.0559 ###### 2.696 3.00E~3 37.69 98.42 84.15 0 231.1 242.8 
156 21.57 3000 1360 0 .906889 0.0317 104.8 71.59 5125 0.1 1950 7500 11 50000 0.1475 ###### 3.01 9.85E~3 73.1 0 0 0 70.4 715.3 
157 28.05 3000 141 0 7.117465 0.2834 11 9.4 62.79 5125 0.1 1950 7500 1400000 0.11341###### 3.053 7.07E-03 38.96 29.75 0 0 98.1 557.7 
158 33.88 3000 410 91.414198 4.7501 155.9 48.11 5125 0.1 1950 7500 2067500 0.0939 ##UIU# 1.655 1.01E.Q2 27.32 94.53 45.3 0 684 2504 
159 25.09 3000 450 17.3251 47 0.8492 147 51 5125 0 .1 1950 7500 1912500 0.1268 ####It# 1.534 1.33E-02 41.12 71.14 0 0 52 313.3 
160 25.23 3000 1040 0.890217 0,0395 133.3 56.28 5125 0.1 1950 7500 1650000 0.1261 #ti#### 2.656 1.27E-02 5'.92 0 0 0 54.5 539.5 
161 39.92 3000 1030 2 .053829 0.1159 169.3 44.3 5125 0.1 1950 7500 2362500 0.0797 ###### 3 .154 1.34E-02 33.49 0 0 0 51.9 405 
162 34 .1 3000 440 331.309022 10.1857 92.23 81.32 5125 0.1 1950 7500 950000 0 .0933 ###### 1.669 6 .56E~3 27.45 98.49 84.91 0 105.6 250.9 
163 38.15 3000 880 75.916179 2.4 151 95.44 78.58 5125 0.1 1950 7500 1000000 0 .0834 1###### 2.902 4.27E-03 91 .33 93.41 34.14 0 162.2 389.9 
164 2266 3000 2210 0.002787 0.0001 139.3 53.86 5125 0 .1 1950 7500 1762500 0.1404 #1111### 3.805 1.57E-02 26.86 0 0 0 44.2 860.5 
165 28.1 3000 1280 3.731101 0.1547 124.4 60.31 5125 0 .1 1950 7500 1487500 0.1131 ###### 2.913 9.05E-03 34.43 0 0 0 76.6 530.7 
166 26.01 3000 240 104.800091 4.6789 133.9 56 5125 0 .1 1950 7500 1662500 0.1223 #11#### 1.117 1.29E-02 16.1 95.23 5229 0 53.6 220 
167 24.66 3000 380 25.93595 1.0752 124.4 60.31 5125 0 .1 1950 7500 1487500 0.129###### 1.367 1.46E.Q2 38.69 ao.n 0 0 47.5 284.2 
168 50.98 3000 750 109.044338 3.1433 86.48 86.73 5125 0 .1 1950 7500 86 0.0624 1###### 2.823 7.09E-03 34.15 95.41 54.15 0 97.8 283.7 
169 24.49 3000 950 12.238447 0.3926 96.23 77.94 5125 0 .1 1950 7500 1012500 0.1299 - 2.38 8.02E-03 61.69 59.15 0 0 86.4 498 
170 31 .85 3000 1800 7.936474 0 .265 100.2 74.88 5125 0 .1 1950 7500 1075000 0.0999 - 3.917 5.74E-03 55.14 J7 0 120.8 630.3 
171 60.25 3000 1960 4 .955882 0.2461 149 50.35 5 125 0 .1 1950 7500 1950000 0.0528 - 5.552 7.64E-03 34 .18 0 0 0 90.7 472.3 
m 24.74 3000 510 5.251369 0.2391 136.6 54.9 5125 0 .1 1950 7500 1712500 0.1286 - 1.604 1.67E.Q2 26.04 4.79 0 0 41 .5 332.4 
173 23.51 3000 1140 28.025199 1.4212 1521 49.3 5125 0 .1 1950 7500 2012500 0 .1353 - 2.409 -4 .62E-03 30.aB 82.16 0 0 150 525 

"' 21.64 3000 1120 22.363572 0.5609 75.24 99.68 5125 0 .1 1950 7500 700000 0 .147 - 2.228 7.01 E-03 23.14 n.64 0 0 98.9 527.6 
175 42.25 3000 1460 3.607886 0.0999 83.1 90.25 5125 0 .1 1950 7500 812500 0.0753 - 4.06 1.05E~2 41.28 0 0 0 65.9 492.5 
176 25.-43 3000 1370 3.287644 0.1278 116.6 64.33 5125 0.1 1950 7500 1350000 0.1251 - 2.832 8.72E~3 31 .18 0 0 0 79.5 510.1 
177 24.06 3000 690 30.64561 1.4956 146.4 51.23 5125 0.1 1950 7500 1900000 0.1322 - 1.986 644E-03 86.33 83.68 0 0 107.6 422.9 
178 29.08 3000 1180 0.71729 0.0433 181 41 .43 5125 0.1 1950 7500 2612500 0.1061 - 3.312 1.20E-02 67.5 0 0 0 57.8 5662 
179 23.12 3000 730 1.829621 0.0562 92.23 81 .32 5125 0.1 1950 7500 950000 0.1376 - 1.981 1.53E..Q2 43.98 0 0 0 45.2 439.2 
180 38.1 3000 520 44.306763 1.8264 123.7 60.65 5125 0.1 1950 7500 1475000 0.0635 - 2.074 1.07E~2 4924 88.72 0 0 64.6 279 
181 59.58 3000 1750 6 .393694 0.2313 106.5 69.11 5125 0 .1 1950 7500 121 2500 0.0534 - 6.026 7.49E~3 74 .15 21 .8 0 0 92.6 518.4 
182 22.79 3000 760 116.340835 3.5768 92.23 81 .32 5125 0.1 1950 7500 950000 0.1396 - 1.927 4 .00E~3 65.21 95.7 57.02 0 173.2 433.-4 
183 53. 11 3000 1420 7.896684 0.2406 91.42 82.04 5125 0.1 1950 7500 937500 0.0599 - 4.4 1 9 .59E~3 41 .02 36.B8 0 0 n .3 425.5 
184 27.4 3000 1380 3.170165 0.1444 136.6 54.9 5125 0.1 1950 7500 1712500 0.1161 - 3.164 8 .06E-03 53.97 0 0 0 86 591 .7 
185 21.16 3000 1400 3.403662 0.0884 77.91 9627 5125 0.1 1950 7500 737500 0.1145 - 3.271 9 .02E-03 57.84 0 0 0 76.9 603.4 
186 21.51 3000 760 8 .639082 0.4179 145. 1 51 .68 5125 0.1 1950 7500 1875000 0.1154 - 2.158 1.07E~2 39.34 42.12 0 0 64.7 401 .2 

"' 36.07 3000 600 39.71929 2.2176 167.5 44.78 5125 0.1 1950 7500 2325000 0.0882 - 2.18 8 .39E~3 46.89 87.41 0 0 62.6 309.8 
1B8 30.62 3000 3030 0 .0191 44 0.0009 145.1 51.68 5125 0.1 1950 7500 1875000 0.1039 -- 4.885 1.22E-02 19.2 0 0 0 56.8 834.3 
189 44.49 3000 790 6 .456247 0.3368 156.5 47.92 5125 0.1 1950 7500 2100000 0.0715 - 2.894 1.33E-02 39.81 22.56 0 0 52.1 333.3 



Simu8tion Parameters a'ld RHUta.: 1% lnvenlory case 

lmeof ""'""'" Required Required 

Mwn""' """""m Release Rate RemlW'IW\g Volume at or """ Souee Sou= Required 
at Concentration " 1-0 Camon above Fixed """' Oaanup Cleanup Source Cleanup Abiolic Camon 

Fixed Source Compliance Compliance Compliance """" - Slraamtube .... """ Tetrachloride - Ra~ Lonoitudinal Percentage Percentage PercentaQe Reaction Tetrachloride 
Velocity Cooc81ilr8tioo Bounda,y ·- Bouooa,y aRa~ Duration Lang., Porosity °"""' "°""8 Conav,trallo Porosity Kd Conotanl D<....-,Mty 15,..it. (501191\. (50011g,\. Half Time Travel nme 

Realization lm/y) lmo'-l (y) , . .,.,, <K•M (y) 1ml (msfm~ (Kalms) (Ka) n(m3) (m'Jm') m>fKa: Rel.atdalion 

I 
(ml Com"""""' l"'.nrnnii,,nce) Cofr4,lianoe) M M 

190 4047 3000 530 11.2051 .. _,. 75.-47 5125 0 .1 1950 7500 1062500 0.0786 - 2.04 36.19 98.52 85.22 0 154.6 258.2 
191 21 .76 3000 1240 0.2594 196.9 "'·' 5125 0 .1 1950 7500 0.1462 - 2.547 46.83 0 0 0 99.3 600 
192 34.58 3000 2550 0 .0164 107 70.08 5125 0 .1 1950 7500 0.092 - 4.794 25.42 0 0 0 73 710.5 
193 35.39 3000 330 4.2241 1521 49.3 5125 0 .1 1950 7500 0.0899 - 1.534 42.8 .. 39.98 0 56.4 222.2 
194 21.63 3000 61 0 0.1184 154.6 48.5 5125 0 .1 1950 7500 0.1471 - 1,796 65.09 0 0 0 .... 425.6 
195 23.44 3000 350 1 8.1928 118 63.55 5125 0 .1 1950 7500 0.1357 - 1.266 50.11 96.82 68.24 0 84. 276.7 
196 29. 111 3000 530 0.5192 145.1 51.68 5125 0 .1 1950 7500 0.109 - 1.785 25.94 53.41 0 0 " 313.4 
197 26.23 3000 1050 0.1129 131.2 57.15 5125 0 .1 1950 7500 0.1127 - 2.516 18.66 0 0 0 57.1 456.8 
198 55.81 3000 1640 0.0154 101.7 73.75 5125 0 .1 1950 7500 0.057 - 5.052 29.39 0 0 0 427 463.11 
199 33.81 3000 780 0.5745 167.5 44.78 5125 0 .1 1950 7500 0.094 1 - 2.448 40.07 51 .41 0 0 66.8 371.2 
200 48.84 3000 510 2.4991 138.6 54.11 5125 0 .1 1950 7500 0.065 - 2.372 1.03E-02 57.92 90.76 7.57 0 67.5 248.3 
201 26.96 3000 490 3.6203 152.8 49.1 5125 0 .1 1950 7500 0.11 8 - 1.663 7.48E-03 52.69 92.117 29.67 0 927 316.1 
202 44.37 3000 2210 0.011 9 131.9 56.85 5125 0.1 1950 7500 0.0717 - 5.351 1.22E-02 31 .54 0 0 0 56.7 618.1 
203 2-4.05 3000 1320 0.3774 137.3 54.64 5125 0.1 1950 7500 0.1323 - 2.633 6 .81E-03 27.58 39.37 0 0 101.8 561 .1 
204 39.08 3000 1040 0.218 116.6 64.33 5125 0.1 1950 7500 0.0814 ...... 3.396 1.04E-02 68.97 10.85 0 0 66.5 445.3 
205 56.31 3000 460 11.84-48 125.1 59.97 5125 0.1 1950 7500 0.0565 - 2.261 6.69E-03 37.96 117.88 78.83 0 103.6 205.8 
206 49.55 3000 1000 3.2155 130.6 57.44 5125 0.1 1950 7500 0.0642 - 3.184 5.67E-03 19.51 93.23 32.33 0 1223 329.3 
207 24.14 3000 910 0.0301 137.3 54.64 5125 0.1 1950 7500 0.1318 - 2.365 1.•5E-02 -46.99 0 0 0 47.8 502.1 
208 32.01 3000 960 116.6 64.33 5125 0.1 1950 7500 0.0994 - 2.898 1.39E-02 56.77 0 0 0 50 464 
209 27.12 3000 400 122.3 61 .34 5125 0.1 1950 7500 0.1173 - 1.47 7.13E-03 47.97 97.02 70.15 0 97.3 277.8 
210 52.2' 3000 360 90.61 82.78 5125 0 .1 1950 7500 0.0609 - 1.807 7.00E-03 12.18 99.32 93.21 3215 .. 177.3 
211 58.05 3000 1180 101 .7 73.75 5125 0.1 1950 7500 0.0548 - 3.97-4 4 .06E-03 47.9 93.27 32.71 0 170.6 350.8 
212 Jt>.48 3000 620 1.5n4 130.6 57.44 5125 0.1 1950 7500 2 .296 8 .76E-03 68.28 86.16 0 0 79.2 322.5 
213 29.03 3000 1410 0.1654 137.3 54.64 5125 0.1 1950 7500 3.241 7.98E-03 48.67 0 0 0 86.8 572.2 
214 26.53 3000 820 0.0449 149 50.35 5125 0 .1 1950 7500 2 .437 1.50E-02 63.29 0 0 0 46.3 470.8 
215 39. 18 3000 1250 0.6216 113 66.4 5125 0 .1 1950 7500 3.195 8.29E-03 15.83 69.71 0 0 83.6 -417.9 
218 27.5 3000 470 3.5195 1326 56.56 5125 0 .1 1950 7500 1.612 8.56E-03 39.98 93.72 37.21 0 81 300.5 
217 41 .86 3000 350 11.0015 180.5 41 .56 5 125 0 .1 1950 7500 1.694 8.81E-03 25.89 117.27 n66 0 78.7 207.-4 
218 23.97 3000 4'0 2.8817 129.2 58.05 5125 0 .1 1950 7500 1.507 8.94E-03 31.91 92.53 25.28 0 77.5 322.2 
219 32.73 3000 1400 0.0167 110.7 67.72 5125 0 .1 1950 7500 - 3.798 1.34E-02 56.08 0 0 0 51.8 594.8 
220 24.1 3000 730 0.0525 102.5 73.19 5125 0 .1 1950 7500 - 2.28 1.49E-02 90.82 0 0 0 46.6 484.8 
221 27.54 3000 1710 0.0309 114.4 65.55 5125 0 .1 1050 7500 - -4.082 9.32E-03 77.28 0 0 0 74.4 759.-4 
222 50.58 3000 1300 0 .-45 155.3 48.3 5125 0 .1 1950 7500 - 4.-413 7.36E-03 n.2• -42.5 0 0 93.0 447.1 
223 22.26 3000 1300 0.1305 11-4.-4 65.55 5125 0.1 1950 7500 - 2.578 8.45E-03 33.03 0 0 0 82.1 593.5 ,,. 42.-42 3000 440 2 8.3691 102.5 73.19 5125 0.1 ••so 7500 0.075 #11#### 1.851 Y.54E-03 11.89 97.96 79.59 0 72.6 223.6 
225 30.2-4 3000 1290 0.6-4862 0.031 143.2 52.38 5125 0.1 1950 7500 0.1052 ###### 3.312 1.24 E-02 48 .73 0 0 0 56.1 561 .2 
226 26. 16 3000 2290 0 .837773 0.0425 152.1 -49.3 5125 0.1 1950 7500 0 .1216 ###### 3.969 7.31E-03 36.01 0 0 0 94.8 777.4 
227 27.24 3000 780 8.456661 03205 113.7 65.97 5125 0.1 1950 7500 01168""""" 2 133 

I 
29.89 40.88 0 0 59.9 401.3 

228 21 .117 3000 950 0.56552 0.0284 150.Q 49.71 5125 0.1 1950 7500 2198 30.72 0 0 0 49.4 512.6 
229 37.43 3000 930 0.5811 134.6 55.n 5125 0.1 1950 7500 ~ .. 64.65 61.39 0 0 81 .6 409.4 
230 43.11 3000 970 1.0039 157.1 47.73 5125 0 .1 1950 7500 308 38.12 73.91 0 0 87.4 366.2 
231 56.21 3000 2670 0.0566 136.8 54.9 5125 0.1 1950 7500 673 36.22 0 0 81 .8 613.7 
232 24.57 3000 420 2.6447 89.79 83.53 5125 0 .1 1950 7500 1 446 70.8 94.34 43.42 0 73.5 301 .7 
233 ..... 3000 980 4.9333 116. 64 .33 5125 0 .1 1950 7500 1350000 0 0677 ###### ~ 34.97 96.06 60.61 0 203 339.8 
234 2•.28 3000 430 U39 106.3 70.57 5 125 0 .1 1950 7500 1175000 0 131 ###### 1 41-4 32.-42 93.117 39.73 0 69.2 298.3 
235 28.-43 3000 2190 0.0691 124.-4 60.31 5125 0 .1 ,.so 7500 1-487500 01119 ###### 4.286 53.87 0 0 0 103.1 n2.5 
236 37.69 3000 540 0.-4891 98. 76.07 5125 0 .1 ,.so 7500 1050000 00844######, 2307 89.31 66.4 0 0 ... 313.7 
237 33.74 3000 11 20 0 0.026 98.6 76.07 5125 0 .1 1950 7500 1050000 0 0943 ###### 3 256 50.14 0 0 0 46.2 494.6 
238 29.t,5 3000 1450 2.96442 0 .099 100.2 74.88 5125 0 .1 1950 7500 1075000 0.1073 - 3.15 9.57E-03 27.89 0 0 0 72.4 544.5 
239 30.27 3000 1860 0.472086 0.0282 179.3 4 1.83 5125 0.1 1950 7500 2575000 0.1051 - 4.331 9.•1E-03 62.09 0 0 0 73.6 733.3 
240 35.75 3000 1290 26453991 1.1929 135.3 55.44 5125 0.1 1950 7500 0.089 - 3.158 5.56E-03 26.35 81.1 0 0 124.8 452.7 
241 46.31 3000 1510 0 .092058 0.0036 116.6 64.33 5125 0.1 1950 7500 0 .0687 - 5.248 1.ll1 E-02 55.79 0 0 0 36.2 580.8 
242 54.86 3000 1420 6.33097 0.1569 74.34 100.88 5125 0.1 1950 7500 0.0582 - 5.153 1.00E--02 75.61 21 .02 0 0 69.2 4'3.1 
243 27.83 3000 1220 ~1 0.0384 97.81 76.68 5125 0.1 1950 7500 0.1143 - 3.055 1.20E-02 52.74 0 0 0 58 562.6 
244 39.92 3000 850 1.1547 118.7 63.17 5125 0.1 1950 7500 0.0797 - 2.303 1.18E-02 23.5 82.86 0 0 58.8 295.7 
245 ... 02 660 169 5.7136 100.11 7-4. 1 515 0.1 1950 7500 0 .0539 ...... 3.016 387E-03 87.95 117.0E 70.56 0 179 261 .8 
246 58.27 3000 1710 8 0.3419 121.6 61.7 5125 0.1 1950 7500 0 .0546 - 5.989 6.27E--03 88.07 40.73 0 0 110.5 526.7 ,., 238. 3000 990 0.2492 221 .6 33.85 5125 0.1 1950 7500 0.1343 ...... 2.462 843E-03 65.51 0 0 0 623 532.7 
24' 53.29 3000 620 0.9761 88.97 84.3 5125 0 .1 1950 7500 0.0597 - 2.t17 1...aE-02 75.btl 64.81 0 0 57 276.6 
2<9 80 48 3000 930 38 474538 1.458 113.7 85.117 5125 0.1 1950 7500 0.0526 - 3.839 6 .81E-03 n .69 67 0 0 101.7 325.3 
250 32.1 3000 750 1.598758 0.0478 89.79 83.53 5125 0 .1 1950 7500 0.099 1 - 2.597 1.74 E-02 89.53 0 0 0 39. 414.6 
251 30.13 3000 530 286.166122 13.4088 140.6 53.35 5125 0.1 1950 7500 0.1056 - 1.773 3.37E--03 37 .16 98.25 82.53 0 205.4 301.6 
252 29.4 3000 1840 0.323416 0.01n 163.9 45.77 5125 0 .1 1950 7500 0.108 - 3.949 1.0SE--02 42.62 0 0 65.8 688.3 



Sirrulation Paramet1n and Rnulta: 1% lnvenlory Case 

Timeof Maximum Required Required -= Maximum Release Rate RemM'llng Volumeat0t A<>I - 5ou..,, Required 

" Concentration ., 1-0 Cart>on above Fixed °""" ONoop Cteaoop Sou,cecteanup Abiolic Cartxm 
Fixed Source Compliance Con,>llance Compliance Sou,o - Streamlube .. ~ Bok Tetrachloride Sou,oa Rate Longitudinal Percenlage Percentage Percentage Reaction Telrachloride 

Velocity ConcentraUon Bounda,y B"""'8,y Boundary e Rate Duration , ... ~ Porosity Densty - Concentratio Porosity Kd Constant OispeBivity (5µgll (50 µgA.. (S0011g,\. Halfrme Travel Time 
Realization <mM 

,_. 
M 

I '"""' 
lfK""'' M fml ltm3/m¾ '""-'' /Ka) n(m3) ""' /IM Cm\ eom-• r-nce) r.,..,..,,,iianoel M M 

253 45.84 3000 1010 0.1743 82.25 91 .19 5125 0.1 1950 7500 800000 3.515 t.27E-02 53.99 21.37 0 0 54.8 393 
254 23.34 3000 490 1.499 104 72.12 5 125 0 .1 1950 7500 1137500 1.559 9.65E-03 67.04 66.44 0 0 71.8 342.4 
255 51.9 3000 900 .2,n 112.2 66.83 5125 0.1 1950 7500 1275000 3.359 5.50E-03 65.89 91.6 16.04 0 126.1 331 .7 
256 51.06 3000 330 14.4974 72.53 103.4 5125 0. 1 1950 7500 662500 1.735 6 .89E-03 63.56 99.17 91.66 16.62 100.6 174.2 
257 36.69 3000 31 0 20.6196 133.9 56 5125 0.1 1950 7500 1662500 1.465 5.08E-03 55.95 96.92 89.17 0 136.4 204.6 
258 24.12 3000 460 1.8362 97.02 77.3 5125 0.1 1950 7500 1025000 1.44 7 1.15E-02 20.96 91.19 11.93 0 60.2 307.5 
259 54.76 3000 1220 0 .0373 118.7 63.17 5125 0.1 1950 7500 4 .564 1.64E-02 50.34 0 0 0 42.3 427.2 
260 31 .04 3000 680 0.0649 194.6 38.53 5125 0.1 1950 7500 2.307 1.75E-02 49.61 0 0 0 39.5 381 
261 42.76 3000 430 0 .5314 174 43.09 5125 0.1 1950 7500 2.07 1 1.87E-02 53 45.42 0 0 37.1 248.2 
262 28.05 3000 330 67.203822 2.9551 131 .9 56.85 5125 0.1 1950 7500 1.33 1.34E-02 34.91 92.56 25.6 0 51,7 242.9 
263 2295 3000 600 42.034 196 1.7131 122.3 61.34 5125 0.1 1950 7500 1450000 1.695 7.94E-03 47.16 66.1 0 0 87.3 378.5 
264 46.99 3000 2740 0.0308 127.8 58.67 5125 0.1 1950 7500 1550000 5.818 9.24E-03 23.95 0 0 0 75 634.5 
265 37.04 3000 490 4.028 1 145.1 51.68 5125 0.1 1950 7500 1875000 1.965 7.57E-03 66.66 94 39.95 0 91 .6 274.7 
266 22.06 3000 1650 0 .0119 141 .9 52.86 5125 0.1 1950 7500 0. 3.223 1.06E-02 47.86 0 0 0 65.6 748.7 
267 23.15 3000 580 0 .7372 125.8 59.64 5125 0.1 1950 7500 0. 1,64 7 1.1 41::-02 27.:.!.7 71,57 0 0 60.7 364.5 
266 45.32 3000 1870 0.0427 75.24 99.66 5125 0.1 1950 7500 o. 4 .857 1.10E-02 36.59 0 0 0 63.3 549.3 
269 29.9 3000 1470 0.1831 158.4 4 7.36 5125 0.1 1950 7500 0. 3.619 7.10E.(13 74.71 0 0 0 97.6 620.4 
270 55.33 3000 3700 0.2144 72 0.0075 105.5 71.08 5125 0.1 1950 7500 0. 8.05 1.03E-02 26.45 0 0 0 67.4 745.7 
271 23.55 3000 690 9.532449 0.4446 139.9 53.6 5125 0.1 1950 7500 0. 1.933 1.02E-02 56.85 47.55 0 0 67.9 420.7 
272 "8.13 3000 450 179.9141 66 6 .73 112. 66.83 5125 0.1 1950 7500 0. 2 .1"3 1>.71E-03 75.14 97.22 72.21 0 103.2 228.2 
273 27.03 3000 710 7.31 1304 0.3132 128.5 58.36 5125 0.1 1950 7500 o. -- 2.173 1.13E-02 65.03 31.61 0 0 61.4 41 2.1 
274 38.94 3000 2400 0 .198896 0 .0 11 165.7 45.26 5125 0.1 1950 7500 0.0817 - 5.106 1.11E-02 28.19 0 0 0 62.7 672.1 
2 75 34.21 3000 760 51.294974 1.8428 107.8 69.59 5125 0.1 1950 7500 1200000 0.093 - 2.444 6.52E-03 65.83 00.25 2.52 0 106.3 366.2 
276 29.9 3000 2350 6 .652554 0.2617 11B 63.55 5125 0.1 1950 7500 1375000 0.1064 - 4 .083 4 .86E-03 30.7 24 .84 0 0 142.6 699.8 
m 23.51 3000 970 3 1.900364 1.232 115.9 64.73 5125 0.1 1950 7500 1337500 0.1353 - 2.26 1 5.42E-03 52.57 64.33 0 0 127.9 492.7 
278 46.79 3000 760 8.908073 0.4232 142.5 52.62 5125 0.1 1950 7500 0.0652 - 2.896 1.40E-02 32.64 43.87 0 0 49.6 304.4 
279 50.74 3000 1190 0.3239 132.6 56.56 5125 0.1 1950 7500 0.0627 - 3.906 9.94E-03 41 .84 31 .78 0 0 69.7 394.7 
280 43.05 3000 430 5.8081 129.9 57.75 5125 0.1 1950 7500 0.0739 ...... 1.973 58.IM 96.27 62.73 0 66.9 234.9 
281 41 .21 3000 1690 0.0771 146.4 51.23 5125 0.1 1950 7500 o.on2 - 3 .924 1".68 0 0 0 62.9 466 
262 23.07 3000 450 12.041 143.2 52.38 5125 0.1 1950 7500 0.1379 - 1.443 62.94 96.02 80.18 0 193.1 320.5 
283 43.94 3000 660 0.1086 139.9 53.6 5125 0.1 1950 7500 0.0724 - 3.122 42.05 0 0 0 44.1 364.1 
264 25.97 3000 900 0.1099 77.91 96.27 5125 0.1 1950 7500 0.1225 - 2.39 1 53.71 0 0 0 57.5 471.7 
285 24.43 3000 960 0.0293 123 60.99 5125 0.1 1950 7500 0.1302 - 2.-47 1 •• 0 0 0 49.4 518.3 
266 39.26 3000 1580 0.0933 125.8 59.64 5125 0 .1 1950 7500 0 .061 - 3.705 16.n 0 0 0 64.1 483.5 
287 23.71 3000 1790 0.0849 107.8 69.59 5125 0.1 1950 7500 1200000 0.1342 - 3.25 38.38 0 0 0 95.3 702.6 
288 32.43 3000 370 12. 1453 135.9 55.17 5125 0.1 1950 7500 1700000 0.098 1 - 1.527 43.48 96.13 81 .34 0 11 2 241 .3 
269 34.06 3000 1740 0.0 129 11 0.7 67.72 5125 0. 1 1950 7500 1250000 0.0934 - 3.872 25.85 0 0 0 53.9 56U 
290 46.65 3000 360 6.4321 103.2 7~65 5125 0 .1 1950 7500 0.0682 - 1.806 46.8 97.32 73.25 0 65.5 198.5 
291 46.78 3000 260 29.669 83.95 89.34 5125 0 .1 1950 7500 0 .066 - 1.442 54.96 99.53 95.29 52.87 140.3 157.9 
292 31.1 3000 1490 0.0466 93.M 79.92 5125 0 .1 1950 7500 0.1023 - 3.372 31.78 0 0 0 63.3 555.7 
293 26.71 3000 1030 0.2312 118.7 63.17 5 25 0 .1 1950 7500 0.1191 - 2.64 3 58.96 14.42 0 0 TT.3 507.1 
294 26.76 3000 1320 1.6256 124.4 60.31 5125 0 .1 1950 7500 0.11 89 - 2.723 25.27 87.25 0 0 161.3 521.6 
295 25.95 3000 550 1.9789 90.61 82.78 5125 0. 1 1950 7500 0.1226 - 1.706 44 .36 92.37 23.69 0 78.9 336.9 
296 34.02 3000 470 5.1446 144.5 51.91 5125 0.1 1950 7500 0.0935 - 1.836 60.77 95.32 53.2 0 99.9 276.9 
297 21 .47 3000 460 0.632 193.5 38.75 5125 0.1 1950 7500 0.1482 - 1.501 65.62 46.96 0 0 57 358.5 
296 35.71 3000 960 0.225 155.9 48.11 5125 0.1 1950 7500 0.0891 - 2.982 54.43 0 0 0 63.6 428.1 
299 22.23 3000 11 80 1.2•26 125.8 59.64 5 125 0.1 1050 7500 u .1"31 - 2.42 = -1 15 556.8 
300 39.37 3000 1220 0.0341 129.9 57.75 5125 0.1 1950 7500 0.0808 - 3.998 2 66.64 0 0 0 49.5 520.5 
301 23.29 3000 360 0.494 131.2 57.15 5125 0.1 1950 7500 0.1366 - 1.299 2 20.•1 55.72 0 0 38.2 285.9 
302 41.37 3000 1520 0.0588 142.5 5~62 5125 0.1 1950 7500 0.0769 - 3.918 2 26.77 0 0 0 56.3 485.4 
303 5276 3000 740 0.8525 123 60.99 5125 0.1 1950 7500 0.0603 - 3.092 2 55.24 75.96 0 0 628 300.• 
304 21 .5 3000 141 0 0.0963 152-1 -49.3 5125 0.1 1950 7500 0.148 - 2.577 21.35 0 0 0 80 614.3 
305 49.02 3000 1520 15.184759 133.9 56 5125 0.1 1950 7500 0.0649 - 3.998 17.11 67.07 0 0 95.5 418 
306 61.n 3000 420 330.88082 6 1.1 2 122.71 5125 0.1 1950 7500 0.0515 - 2249 67.87 98.49 84.89 0 78.5 186.6 
307 50.42 3000 1130 63.86 1713 116.6 64.33 5125 0.1 1950 7500 0.063 1l#Jt#### 3.502 31.1 92. 17 21.71 0 140.9 356 
306 25.03 3000 1050 78.78 95.2 5125 0 .1 1950 7500 0.1271 - 2.376 2 23.58 0 0 0 59.4 486.6 
309 34.39 3000 1700 105.5 71.06 5125 0.1 1950 7500 0.0925 - 4.704 2 51.09 0 0 0 38.7 701 
310 52-56 3000 2'0 95.44 78.58 5125 0.1 1950 7500 0.0605 - 1.491 59.4 99.22 92.15 21 .53 81.1 145.3 
311 24.7 3000 1590 150.2 49.92 5125 0 .1 1950 7500 0.1288 - 2.899 25.2 75.28 0 0 165.5 601 .5 
31 2 32.6 3000 960 126.4 59.31 5125 0 .1 1950 7500 0.0976 - 2.895 1.63E-02 46.08 0 0 0 42.4 4552 
313 27.62 3000 1850 135.9 55.17 5125 0 .1 1950 7500 0.11 52 - 4.306 1.75E-02 45.57 0 0 0 39.7 799.1 
314 21.82 3000 1460 157.1 47,73 5125 0 .1 1950 7500 0.1458 - 3.108 1.01E-02 61.34 0 0 0 66.9 730.1 
315 29.38 3000 1620 0 .515903 97.81 76.68 5125 0 .1 1950 7= 0.1083 - 3.8 1 1.09E-02 36.67 0 0 0 63.7 664.7 



Sinu8tion Pwameten and ReMlts:: 1% Inventory case 

T~of Required 
MaximlA'TI RernN'lnG Volume stor Am ...,,.. Required 

cartx,n abOveFlxed """' Cloanup &Mee Cleanup -" Cwt,on ... Tetrachloride "°""" .... Longitudinel Percentage Percentage "'"""" Tetrachloride - "°""'""'"' Constant DilSf)lll'IMly (50µgll.. (50011g/L Half Time TntvelTime 
m 

5125 785.6 
5125 231 .2 
5125 276.5 
5 125 292.8 
5125 326.8 
5125 5.3 
5125 568.1 
5125 403 
5125 365.8 
5125 394.8 
5125 357.-4 
5125 90.1 543.9 
5125 ... 281 .4 
5125 "' .... , 
5125 851 256.7 
5125 ,u 193.1!1 
5125 83.9 378.1 
5125 107.5 583. 
5125 134 7 355.3 
5125 91 . 741 ,7 
5125 61 .36 122.8 291 .9 
5125 25.05 11 0.3 253.2 
5125 45.59 109.3 213.7 
5125 69.2 191 .4 319. 
5125 34.54 88.5 628 

106.09 5125 41 .62 1103 639.1 
79.92 5125 42.48 102.8 412.8 
70.08 5125 35.97 1122 589.5 ..... 5125 78.52 80 336.8 

48.7 5125 37.46 101 474.9 
84.3 5125 75.02 47.9 17U .... 5125 0 ' 301 . ..... 0 72.2 5574 ... , 0 .. 247.5 

80.61 0 508.3 ..... 4.62 44.8 204.1 
511. 1 0 ... 457.7 
46.99 0 87 386.8 
97.37 0 70.3 571 .3 

0 97.1 657.2 
50.33 56.8 245.5 

. 67 70 . ., 
0 "·' 391.9 

73. 469.2 
0 .... 507.2 

64.95 78.5 23---,-:g 
0 61 .3 287.-4 
0 67. 717.2 
0 101 .1 367 
0 89.4 359.1 
0 55.8 450 

24.36 0 50.1 "" 50.55 6044 155.6 331 .2 
53.33 0 "·' 383.4 
19.31 0 46.2 733.1 

64QE-03 51 73 0 106.8 5631 
U8E-03 20.02 0 701 .... , 
9.0SE-03 " .. 87.17 786 2460 
7. 0 87. 429. 
5.32.E-03 4381 0 1304 607.8 

2.8 11 1.20 -02 1.06 58 • 
1.809 1.01E-02 76.02 63.06 68.6 187.-4 

5125 1950 1.823 Q.07 -03 7 0 , .. 365.7 



SilTUation Parameters end Resulls: 1% lnvenloly Case 

Tmeof Maximum Required Required 

Maximum Maximum Release Rate Remaining Volume at or Fi~t Sou,oe Sou"" Required 

" Concentralioo " 1-0 Gari>on above Fixed """" °""""' Cie=p Source Cleanup Abiotic Gari>on 
Fixed Source Compliance Compioa= Com~iana, Soun, Sou,oe Streamtube BaM .,. Tetrachloride s...ce Rote Longitudinal Percentage Pen::entage Pen::entage Reaction Telr8ctvoride 

Velocity Coocentralion Boundo,y - ""'""'"' eRate °""""' , ... ~ Porosity Densty Sou,co Concentratio POtOSity Kd Constant Dispenlvily (5 .. g/1. (501,g/L (50011g.1.. Half Time Travel lime 

Realization ,-, <=II.I f,) f,.ofll fKaM fKaM M fml (m1/m1) (Ka/ms) {Ka) n tm3) fmS/rnl) (m1/Kal Retardation {1/Y) {m) Compliance) c.,,..,.,.,;..,.l Corrv,liance) {y) ,,, 
371l 54.1 3000 640 41.576013 1.781 128.51 58.36 5125 0 .1 1950 7500 1562500 0.0588 - 2.958 8.92E-03 90.6 87.97 0 0 77.7 290.2 
3BO 28 3000 410 19.500803 1.0214 157.1 47.73 5125 0 .1 1950 7500 211 2500 0.1136 - 1.658 1.28E.-02 9-4.67 74.36 0 0 54.3 303.1 
381 21.8 3000 430 212.499021 10.0496 141 .9 52.86 5125 0 .1 1950 7500 1812500 0.1459 - 1.35 5.33E-03 34.36 97.65 76.47 0 130 317.2 

382 24.59 3000 1330 0 .067534 0.0021 92.23 81 .32 5125 0.1 1950 7500 950000 0.1294 - 3.326 1.64E.Q2 60.68 0 0 0 422 693.4 

383 30.15 3000 870 16.675201 0.7067 127.1 58.99 5125 0.1 1950 7500 1537500 0.1055 ...... 2.375 8.89E.Q3 31 .67 70.02 0 0 78 403.6 
384 24.8 3000 600 0 .327429 0.0102 93.84 79.92 5125 0.1 1950 7500 975000 0.1283 - 2.528 1.85E.02 83.92 0 0 0 37.4 522..4 
385 39.57 3000 330 96.603113 4.1822 129.9 57.75 5125 0.1 1950 7500 1587500 0.0904 - 1.58 1.39E.-02 32.57 94.82 48.24 0 49.8 204.6 
386 50.82 3000 2650 0 .476106 0.0161 101 .71 73.75 5125 0 .1 1950 7500 1100000 0.0626 - 5.973 1.12E.-02 21.8 0 0 0 6 1.9 6023 
387 56.41 3000 1050 1.579036 0.091 1n.9 43.39 5125 0 .1 1950 7500 2437500 0.0564 - 3.97 1.59E.-02 39.19 0 0 0 43.6 360.7 
388 25.41 3000 1790 0 .141993 0.0051 108.5 69.11 5125 0 .1 1950 7500 1212500 0.1252 - 3.617 1.23E.-02 39.93 0 0 0 56.5 n9.5 
389 36.32 3000 1940 4.320718 0.1781 123.7 60.65 5125 0 .1 1950 7500 1475000 0.0876 - 4.34 6 .60E.Q3 45.24 0 0 0 105.1 61 2.5 

390 31 .16 3000 950 6.354214 0.256 120.9 62.06 5125 0.1 1950 7500 1425000 0.1021 - 2.586 1.0BE.-02 32.91 21 .31 0 0 64.1 425.4 
391 40.63 3000 1520 1.219917 0 .0395 97.02 77.3 5125 0 .1 1950 7500 1025000 0.0783 - 3.649 1.37E.02 12.91 0 0 50.6 460.2 
392 58.7 3000 700 6.468758 0.2741 127.1 58.99 5125 0 .1 1950 7500 1537500 0.0542 - 3.131 1.77E.-02 31.n 22.71 0 0 39.1 273.4 

393 31 .;i,i 3000 540 149.52414 5.'4089 108.5 69.11 5125 0 .1 1950 7500 1212500 0.1015 - 1.907 5.10E-03 77.71 ..... 66.56 0 135.8 311 .8 

39' 57.42 3000 1170 19.869732 0.9739 147 51 5125 0.1 1950 7500 1912500 0.0554 - 4 .032 7.16E-03 43.18 74.84 0 0 ... , 359.9 
395 23.19 3000 1230 32.905486 1.5647 144.5 51.91 5125 0.1 1950 7500 1862500 0.1372 - 2.499 3.92E-03 41 .73 84 .8 0 0 177 552.4 

396 21 .34 1240 0.219756 0.0061 83.1 90.25 5125 0 .1 1950 7500 81 2500 0.1491 - 2.554 1.44E.Q2 33.97 0 0 0 48.1 613.4 
397 24.3 3000 141 0 28.739422 0.7797 81.39 92.15 5 125 0 .1 1950 7500 787500 0.1309 - 2.944 4 .11E--03 75.31 82.6 0 0 168.8 620.9 
398 22.48 3000 41 0 4.848797 0.2154 133.3 56.28 5125 0 .1 1950 7500 1650000 0.1415 - 1.481 1.731:c,-02 79.86 0 0 0 40.2 337.7 
399 48.79 3000 520 11 .613763 0.5133 132.6 56.56 5125 0.1 1950 7500 1637500 0.0652 - 2 .442 1.73E-02 50.23 56.95 0 0 40 256.5 
400 44.74 3000 2120 1.897558 0 .0686 106.5 69.11 5125 0 .1 1950 7500 1212500 0.0711 - 4 .653 9 .nE-03 16.18 0 0 0 71 5329 
401 40.42 3000 210 589.906942 29.9146 152.1 49.3 5125 0 .1 1950 7500 2012500 0.0787 - 1.256 5.69E.Q3 92.87 99.15 91.52 15.24 121 .8 159.2 
402 32.93 3000 1270 87.740915 3.239 110.7 67.72 5125 0.1 1950 7500 1250000 0.0966 - 2.946 3.26E-03 26.31 94.3 43.01 0 212.6 458.4 
403 40.89 3000 1340 4.889091 0.1409 86.48 86.73 5125 0 .1 1950 7500 862500 o.on8 - 3.845 t .01E.02 49.14 0 0 0 68.7 481 .8 
404 26.67 3000 910 16.787914 0.9474 169.3 44.3 5125 0.1 1950 7500 2362500 0.1193111##### 2.303 7.14E-03 36.38 70.22 0 0 97.1 442.7 
405 ,, 3000 1060 9.845473 0.3388 103.2 72.65 5125 0 .1 1950 7500 1125000 0.1446 - 2.396 7.24E-03 64.02 49.22 0 0 95.7 558 
406 52.85 3000 1090 3 .934641 0.2197 167.5 44.78 5125 0.1 1950 7500 2325000 0.0602 - 3.894 l.20E-02 ...... 0 0 0 57.6 377.7 
407 27.86 3000 1740 20.066013 0.584 87.31 85.9 5125 0 .1 1950 7500 875000 0.1142 - 3.165 5.48E-03 15.65 75.06 0 0 126.5 582.2 
408 41 .21 3000 1110 36.239163 1.4342 118.7 63.17 5125 0.1 1950 7500 1387500 0.0772 - 3.056 7.19E.Q3 15.43 86. 0 0 96.4 390 
409 33 3000 1100 5.084351 0.2393 141 .2 53.11 5125 0 .1 1950 7500 1900000 0.0964 - 2 .927 9 .80E.03 37.24 1.66 0 0 70.7 454.6 
410 50.1 3000 1690 10.220072 0.4654 136.6 54.9 5125 0.1 1950 7500 1712500 0.0635 - 4 .90< 5.77E.Q3 61 .03 51 .06 0 0 120.2 501.7 
411 40.53 3000 1830 17.783452 1.0036 169.3 44.3 5125 0.1 1950 7500 2362500 0.0785 - 4 .137 3.98E-03 35 71 .88 0 0 174.2 523.2 
412 38.75 3000 1390 27.54867 0.6909 75.24 99.68 5125 0 .1 1950 7500 700000 0.0821 - 3.609 5.84E--03 51.72 8 1.85 0 0 118.6 477.3 
413 22.33 3000 390 62.122049 3.891 187.9 39.91 5125 0.1 1950 7500 2762500 0.1425 - 1.285 1.00E--02 26.23 91 .95 19.51 0 69.1 294.9 
414 36.65 3000 2080 3.718051 0.1308 105.5 71 .06 5125 0.1 1950 7500 1162500 0 .0868 - 5.304 6 .15E.03 87.44 0 0 0 112.7 741 .6 
415 61 .65 3000 1930 0 .350285 0.0172 147 51 5125 0.1 1950 7500 1912500 0.0516 - 5.631 1.51E.02 22.67 0 0 0 45.9 468 
416 26.85 3000 590 1.98172 0.0933 141 .2 53.11 5125 0.1 1950 7500 1900000 0.1185 - 1.967 1.70E.02 55.32 0 0 0 40.7 375.5 
417 57.84 3000 1800 2.872635 0.1451 151 .5 49.5 5125 0.1 1950 7500 2000000 0 .055 l##IIIUIM 5.139 9.70E-03 28.65 0 0 0 71 .5 455.3 
418 26.49 3000 490 90.034222 2.9824 99.38 75.47 5125 0.1 1950 7500 1062500 0.1201 - 1.592 9.00E-03 33.64 IM.45 44.47 0 77 308 
419 24.- 3000 1130 4 .018527 0.174 129.9 57.75 5125 0.1 1950 7500 1587500 0.1291 - 2 .473 9 .53E-03 25.48 0 0 0 727 514.3 
420 49.4 3000 600 28.967604 0.8827 91 .4 82.04 5125 0.1 1950 7500 937500 0.0644 - 2.841 1.20E.02 19.79 82.74 0 0 57.7 294.8 
421 21.22 3000 770 14 .416027 0.7035 146.4 51 .23 5125 0.1 1950 1500 1900000 0.1499 - t.875 8.28E.03 36.15 65.32 0 0 83.7 452.9 
422 .-...97 3000 1050 0 .559947 0.0209 112.2 66.83 5125 0.1 1950 7500 1275000 0.1274 - 3.02 1.36E.02 91 .3 0 0 0 51 619.9 
423 24.03 3000 770 13.984861 0.4337 93.04 80.61 5125 0.1 1950 7500 962500 0.1324 - 2.045 9.63E-03 50.8 64.25 0 0 72 436.2 
424 22.12 3000 1120 3.815432 0.1813 142.5 5282 5125 0 .1 1950 7500 1825000 0.1438 - 2.661 7.TTE-03 86.8 0 0 0 89.2 616.5 
425 38.47 3000 770 L:1.686118 0.766 lil7.0 77.3 5125 o., 1950 7500 ,025000 0.0627 - 2.568 1. ..,.lilt 78.Mt 0 67.2 342.1 
426 25.76 3000 720 13.348866 0 .8132 182.8 41 .04 525 0.1 1950 7500 2650000 0.1235 - 2.13 8.00E-03 75.48 62.54 0 0 86 423.8 
427 40.17 3000 2210 2.5549 0.0806 ..... 79.25 5125 0.1 1950 7500 987500 0.0792 - 4.406 8.95E.03 13 .19 0 0 0 77.4 562.1 
428 "·' 3000 400 56.6797n 2.705 1 143.2 52.38 5125 0 .1 1950 7500 1837500 0.0944 - 1.714 1.06E.-02 69.34 91 .18 11 .79 0 64.4 260.6 
429 42.08 3000 2200 0.340935 0.0092 81 .39 92.15 5125 0 .1 1950 7500 787500 0.0756llt#lt### 4.93 1.2tlE.Q2 23.74 0 0 0 54.1 600.4 
430 29.48 3000 400 50.09891 1.241 5 74.$4 100.88 5125 0 .1 1950 7500 687500 0.1079 - 1.584 1.35E.02 80.36 90.02 0.2 0 51 .6 275.4 
431 21 .93 3000 1000 1.612535 0 .0913 169.9 44.15 5125 0 .1 1950 7500 2375000 0.1451 - 2.25 1.09E.Q2 34.69 0 0 0 83.4 525.9 
432 61 .53 3000 360 606.576044 16.3352 80.53 93.14 5125 0 .1 1950 7500 77 0.0517 - 1.977 7.68E.Q3 26.87 99.18 91 .78 17.84 90.3 164.7 
433 22.39 3000 770 104.433436 3.1825 91 .42 82.04 5125 0 .1 1950 7500 937500 0.1421 - 1.909 4 .38E.03 57.67 95.21 52.12 0 158.4 436.9 
434 35.23 3000 1230 16.61178 0.6214 11 2.2 66.83 5125 0 .1 1950 7500 1275000 0.0903 - 3.401 6 .03E-03 72.85 69.9 0 0 114.9 494.8 
435 24.72 3000 580 68.383701 2.1024 9223 81 .32 5125 0.1 1950 7500 950000 0.1287 - 1.743 7.53E.Q3 58.72 92.69 26.88 0 921 361 .4 
436 55.91 3000 1050 23.589135 0.7442 94.64 79.25 5125 0 .1 1950 7500 987500 0.0569 - 3.983 8 .06E-03 68.48 78.8 0 0 85.7 365.1 
437 24.78 3000 860 23.015216 1.012 131 .9 56.85 5 125 0.1 1950 7500 1625000 0.1284 - 2 .11 7.47E--03 29.05 78.28 0 0 92.8 437.8 
438 23.57 3000 1190 0.597792 0.0297 149 50.35 5125 0.1 1950 7500 1950000 0.135 - 295 1.15E.-02 73.84 0 0 0 60.5 641 .6 
439 55.62 3000 2570 0.394164 0.009 68.83 108.96 5125 0 .1 1950 7500 612500 0.0572 - 6 .495 1.30E.02 27.04 0 0 0 53.4 598.5 
440 36.19 3000 940 3.887696 0.1338 103.2 72.65 5125 0 .1 1950 7500 1125000 0.0879 -- 2.997 1.27E.02 55.88 0 0 0 54.5 424.4 
441 34.65 3000 530 31.24439 1.5248 146.4 51.23 5125 0.1 1950 7500 1900000 0 .0918 1###### 2.124 9.53E.03 92.4 84 0 0 72.7 314 



Simulalion Panimeteni and Results: 1% lnvanlory Case 

rmeof Maxim"" Required Requi'ed 
Maxrnum Maximum Release Rate Remaining VWmeata- ,nl - ..., .. Required 

al Concentration al 1-0 CM>on aboYaFb:ed °""" oaa....., Cleonup SowceCleaoup Abiolic Camon 
Fixed Soun;:e Complilw:e Compia"'8 Compliance Soun, - Straamtuba BaN """ Telrachlorida ...,.. Rale Longitudinal Percentage Peroantage Peroentaga Reaction Tetrachloride 

Velocity Concentration ..._.,, Bounda,y Bounda,y a Rale Durallon '"""" 
Poro,lly Densty - Concentralio Porosity Kd Constant Oispemvity (511g/L (SOµg/L (SOOµg/1.. Half Time TravelTime 

Realiz.alion '"'"" ·~• ) M /KaM ''"""" M /ml fm3/m2l fKolm31 /Kai n fm31 

• 
11/v) Im) Comoliance) e-.,.,., Compliance\ M M 

44 23.31 3000 ... ...... 117.3 63.94 5125 0.1 1950 7500 1362500 1.865 1.54E-02 48.42 0 0 0 45 410 
«3 28.25 3000 510 1 3.6547 99.38 75.47 5125 0.1 1950 7500 1062500 1.749 

I 
73.71 95.47 54.68 0 101.6 317.3 

444 41 .8 3000 1930 0.0 165 163.3 45.94 5125 0.1 1950 7500 2237500 5.047 43.14 0 0 0 57. 818.7 ... ,,_ .. 3000 390 1.2318 72.53 103.4 5125 0.1 1950 7500 662500 o. 1.291 29.77 90.19 1.87 0 49 280.5 
446 26.06 3000 no 0.2645 93.04 80.61 5125 0.1 1950 7500 962500 0. 2.108 .,_ .. 41 .37 0 0 ...2 414.5 
«7 33.07 3000 610 4.0682 1•7 ., 5 125 0.1 1950 7500 1912500 0. 2.0 4 33.n 93.'8 39.76 0 103.1 313.7 ... 35.1 1 3000 1280 0.0356 131.2 57.15 5 125 0.1 1950 7500 1612500 0. 4 .096 ... n 0 0 0 ... 3 597.8 
44 61 .89 3000 690 3.6594 90.61 82.78 5 125 0.1 1950 7500 925000 0.0514 ###II## 2.962 28.93 95.87 58.73 0 8'.6 245.3 
4 50 26.21 3000 410 3.3833 174.6 42.95 5 125 0.1 1950 7500 2475000 0.1214 ###### 1.525 67.37 91.4 13.98 0 90.8 298.3 

~ 51 2256 3000 1690 0.0443 122.3 61 .34 5 125 0.1 1950 7500 1450000 0 .14 1 ##11### 2.98 37.52 0 0 0 n .2 677 
452 23.34 3000 1650 0.0 115 148.3 50.56 5125 0.1 1950 7500 1937500 0.1363 #11#11## 3.521 1.07E-02 60.91 0 0 0 6'8 m 
4'3 26.8 3000 360 17.8815 163.3 45.94 5125 0.1 1950 7500 0.1187###### 1.364 4.83E-03 3'.46 98.49 B4.78 0 143.6 260.9 
454 38.61 3000 600 ,., ... 116.6 6'.33 5125 0.1 1950 7500 0.0824 1###### 2.3 8.02E-03 66.48 91 .35 13.52 0 86 .• 305.3 
45' 40.68 3000 1240 0.2211 116.6 84.33 5 125 0.1 1950 7500 0.0782 ####JI# 3.851 9.03E-03 68.9' 12.1 0 0 76.7 485.2 
4 .. 32.46 3000 600 1.7288 124.4 60.31 5125 0.1 1950 7500 0.1.M!! I###### 2.h ~ 8.12E-03 78.92 88.01 0 0 85.3 336.8 .., 44.81 3000 620 ._..,. 88.97 84.3 5125 0.1 1950 7500 0.071 ###### 2.317 7.40E-03 18 97.34 73.44 0 93.6 265 
4'8 21 .73 3000 930 0.0446 167.5 44.78 5 125 0.1 1950 7500 0.1464 ##II### 2.202 1.29E-02 402> 0 0 0 '3.7 519.3 
4>9 22.99 3000 1740 0.1668 100.9 74.3 1 5125 0.1 1950 7500 0.1384 1###### 2.98 o .66E-03 24 .05 0 0 0 104 664.• 
460 22.44 3000 720 0.1998 147 51 5125 0.1 1950 7500 0.14 18 ###### 2.111 1.09E-02 93.45 0 0 0 63.7 482.2 
461 50.74 3000 390 2.9256 112.2 66.83 5125 0.1 1950 7500 0.0627 ###### 1.994 1.45E-02 34 .64 93.61 36.07 0 47.7 201 .4 
462 30.86 3000 .,. 0.6717 137.3 54.64 5125 0.1 1950 7500 0.1031 ti##### 1.887 1.33E-02 48.48 ..... 0 0 '2.1 313.3 
463 25.17 3000 600 0.8239 130.6 57.44 5 125 0.1 1950 7500 0.1264 #####11 1.TT7 1.06E-02 3'.56 73 ... 0 0 .. .. 361 .9 
464 ...... 3000 1000 0.4742 1223 61 .34 5125 0.1 1950 7500 3.167 1.11E-02 22.09 57.03 0 0 622 349.5 
46' 25.45 3000 380 48.689726 1.4439 88.97 84.3 5125 0. 1950 7500 1.401 1.30E-02 n.>2 89.73 0 0 .,_. 282 
468 41 .48 3000 .,. 157.349229 4.2688 81 .39 92.15 5125 0.1 1950 7500 , .... 1.01E-02 17.62 96.82 68.22 0 68.8 :L46.6 
467 21 .37 3000 490 119.406133 7.4337 186.8 40.16 5125 0.1 1950 7500 1.433 6 .06E-03 20.12 95.81 58.13 0 114.4 343.7 
468 50.26 3000 780 47.977512 ,6 ... 166.3 45.1 5 125 0.1 1950 7500 2.862 7.74E-03 25.75 ..... 0 0 89.6 291 .8 , .. 53.92 3000 890 1.0513 1'8 37.88 5 125 0.1 1950 7500 3201 1.03E-02 21 .47 68.62 0 0 67 304.2 
470 35.87 3000 900 0.0736 117.3 63.94 5 125 0.1 1950 7500 2.B-47 t .60E-02 66.01 0 0 0 43.4 406.8 
471 45.06 3000 1290 0.0996 152.8 1 49.1 5 125 0.1 1950 7500 2025000 4 .395 1.1 E-02 71.44 0 0 0 6 499.9 
472 41 .53 3000 950 0.1318 125.1 59.97 5 125 0.1 1950 7500 1500000 ,92 1.51E-02 18.1 0 0 0 4'8 360.3 
473 48.13 3000 1790 0.2501 140.6 53.35 5125 0.1 1950 7500 1787500 - 4 .769 7.29E-03 41 .6 633 0 0 9'.1 507.9 
474 34.32 3000 ... 1.5906 88.97 84.3 5125 0.1 1950 7500 900000 - 2 .321 7.80E-03 64 .81 90.68 6.78 0 88.0 346.6 .,. 21 .54 3000 890 0.4963 155.3 49.3 5125 0.1 1950 7500 2075000 2 .046 8.13E-03 35.13 47.86 0 0 85.2 466.8 
476 26.01 3000 400 1 0.611 142.5 ·~"' 5 125 0.1 1950 7500 1825000 - 1.529 1.52E-02 68.6 61 . 17 0 0 45.6 3012 
477 29.21 3000 1040 0.0293 69.77 107.5 5125 0.1 1950 7500 0.1069 ###### 3.153 1.4 1E-02 82.33 0 0 0 "1 553.1 
478 25.35 3000 2070 0.098276 0.0044 134.6 55.n 5125 0.1 1950 7500 0.1255###### 3.892 1.14E-02 36.76 0 0 0 " 786.8 
479 34.73 3000 500 15.936404 0 .5961 112.2 68.83 5 125 0.1 1950 7500 0.0916 ti##### 1.927 1.SSE-02 38.8 68.63 0 0 4•.8 284.4 
490 47.41 3000 1610 1.77115 0.052 88.14 85.09 5125 0.1 1950 7500 0.0671 ###### 4.244 1.28E-02 2 1.6 0 0 54.3 458.7 
481 23.24 3000 1050 0.0194 122.3 61 .34 5125 0.1 1950 7500 2.397 1.43E-02 30.63 0 0 0 48.8 528.7 
482 23.04 3000 ... 0.4651 181 .6 4 .3 5125 0.1 950 7500 2.168 8.31E-03 ,._ .. 34.92 0 0 83.4 482.2 
483 21 .88 3000 740 V'86 83.95 89.34 5 125 0.1 1950 7500 1.827 5.16E-03 ..... 94.93 49.28 0 134.2 427.9 
49• 23.69 3000 650 0.1243 88.97 84.3 5 125 0.1 1950 7500 1.744 1.61E-02 17.23 0 0 0 43.1 377.3 
48' 24.91 3000 1460 0.206 133.3 56.28 5 125 0.1 1950 7500 2.889 7.26E-03 31.63 0 0 0 9'.5 ""4.4 
486 49.94 3000 ... ,6662 12 1.6 61 .7 5 125 0.1 1950 7500 2.528 9.21E-03 44.4 92.4 24.0 1 0 75.3 259.4 
487 54.9' 3000 1270 02568 1223 61 .34 5125 0.1 1950 7500 4 .447 9.97E-03 ... 68 20.6' 0 0 696 414.8 
4 .. 41.59 3000 7SO 0.47aa 145.1 51.68 5 125 0.1 1950 7500 2.685 1.24E-02 40.83 49.49 0 0 " 330.8 
4 .. 37.65 3000 1490 0.021 131.2 57.15 5125 0.1 1950 7500 4 .762 1.29E-02 81 .01 0 0 0 '3.8 648.2 
490 37.34 3000 880 0.1024 139.9 63.6 5125 0.1 1950 7500 1775000 0.0852 ###### 2 .903 1.46E-02 48.14 0 0 0 47.8 398.5 
491 38.1 3000 660 3. 1837 118.7 63.17 5125 0.1 1950 7500 

• 
2 .377 6.0 1E-03 66.23 93.78 37.85 0 115.3 319.8 

492 23.09 3000 1320 0.042 150.2 49Jl2 5125 0.1 1950 7500 - 2 .712 1.05E-02 34.33 0 0 0 6'.7 602.1 
493 26.67 3000 830 0.1319 166.3 45.1 5125 0.1 1950 7500 - 2.498 1.17E-02 n .69 0 0 0 '9.4 4902 
494 2'.39 3000 390 6.1328 126.4 59.3 1 5125 0.1 1950 7500 - 1.401 7.33E-03 60.26 96.56 65.64 0 94.6 282.7 
49' 46.17 3000 660 4.4901 150.2 49.92 5125 0.1 1950 7500 - 2.m 6.50E-03 32.7 94.42 44.23 0 1lll>.7 279.9 
496 24.97 3000 050 0.3315 110.7 67.72 5125 0.1 1950 7500 2.283 9.23E-03 34.77 44.32 0 0 75.1 468.6 .., .,. 

3000 , .. 0.8436 8 • . 1 8J.:>J 5 125 a., 1050 7500 

1462500 0.0863 = 2.739 1 69E~ 78.04 82.26 0 0 "'· =• 
496 30.71 3000 830 ,9 ... 142.5 .,_62 5125 0.1 1950 7500 1.8 9.09E-03 2822 91 .96 19.64 0 76.2 300.4 
490 63 .• 3000 161 0 2.4644 121.6 6 1.7 5 125 0.1 1950 7500 4.698 3.50E-03 24 .57 91 .84 18.45 0 198.1 379.2 
500 52.93 3000 790 0.8548 53.95 139.02 5 125 0.1 1950 7500 3.12 1.08E-02 58.4 1 89.48 0 0 64 30 
so, 38.86 3000 860 0.8369 123 60.99 5125 0.1 1950 7500 2.678 42.3 1 75.51 0 0 78.9 372.3 
502 34.21 3000 1000 0.849 150.9 49.71 5125 0.1 1950 7500 1987500 0 .093 ###II## 2.n, 28.37 70.38 0 0 88.1 407.7 
503 25.78 3000 1680 1 0.0756 92.23 81.32 5 125 0.1 1950 7500 950000 0.1234 11#11### 3.706 76.67 0 0 0 91 .8 7313.7 ... 22.49 3000 490 1 2.11 74 139.3 53.ao 5125 0.1 19SO 7500 1762500 0.1415 ###### 1.573 86.2 89.04 0 0 886 ,.._. 



Simulation Parameten and Raaulta: 1% lnvenlOJy can 

rmeof Mmnum R~n!ld R~ired ,..._ 
""""""" ReteaseRale ·- Volumealo, F"onl Soun» Sauro, R,qund 

at Concentration at 1-0 Camon ..... ,,. ... °""" Qaanup Clea,up Soua,Ceam,p Abioti< Cari>on 
FhedSou-oe Compliance eom,,,anoe Compliance '""'"' Soun» Slnlamlube .... .... T""""'"""" - Rate Longitudinal ........... Peroanaage Percentage Reaction Te-

V~y C.oncenlntlion - - ""'""'""' ..... °""""' L..,. .. Porosity Dens~ - Conclnlntlio Po<ooity Kd Conotant 
~ 

(5 .... (50 .... {50011g/L. Half Tme Tra.,.ITime ·- , ..... (y) '""" (Kg/y) I tKnJv (y) 1ml l1m'1m~ tKolm') IKGl n(m3) (m'lm') (m'ncn1 Rel#dalion f1N) ,~1enco, r......J:.;.nce) Compliance\ M M 

"" J7.08 3000 1590 6.32657 0.3274 155. .. 5125 0.1 1950 7500 2075000 0.0858 - 4 .008 6 .30E-03 58.17 20Jl7 0 0 1101 553.9 
506 24.19 3000 1190 33.-468026 U106 126 4 5931 5125 0.1 1950 7500 1525000 0 1315 - 2.44 504E-03 22.64 85.06 0 0 137.5 516.9 
507 24.4 3000 1440 0.24 11 09 0. 11 5.9 64.73 5125 0.1 1950 7500 1337500 0.1302 - 3.256 1.26E--02 53.51 0 0 55. 1 .. 3 
506 30.00 3000 400 76.446087 3.9246 154 48.7 5125 0.1 1950 7500 2<l50000 0.1027 - 1,611 lil.22E-03 61.59 93.46 34.59 0 75.2 266.6 

--509 25.25 3000 630 68.102606 3.0405 133.9 56 5125 0 .1 1950 7500 1662500 0 .126 - 1.83 613E-03 47.11 9266 26.58 0 1131 371.5 
51 45.32 3000 440 109.8094n 5.7968 158.4 47.38 5125 0 .1 1950 7500 2137500 0.0702 - 2.068 7.n E-03 61.26 95.45 54.47 0 .. 2338 
51 1 43.82 3000 700 63.262245 2.8527 135.3 55.44 5125 0.1 1950 7500 1687500 o.0n6 - 2.662 6.20E--03 65.42 92.1 20.96 0 111 .a 31U 
51 23.48 3000 530 3.595927 0.1778 148. 50.56 5125 0.1 1950 7500 1937500 0.1355 - 1.73 1.52E--02 65.29 0 0 0 45.7 77.5 
513 30.27 3000 560 36.191593 1.5503 128.5 58.36 5 125 0.1 1950 7500 1562500 0.1051 - 1.957 9 .13E--03 64.31 86.18 0 0 75.9 331.3 
514 28.2 3000 51 0 82.055549 3.6818 134.6 55.72 5125 0 .1 1950 7500 1675000 0.1128 - 1.74 7.20E--03 52.28 93.91 39.07 0 96.2 316.1 
515 36.4 1280 0.67529 0.0241 107 70.08 5125 0 .1 1950 7500 1187500 0.0874 - 3.441 1.47E--02 32.66 47.1 '34.5 
518 21.27 3000 910 0 .369462 0.0192 155.9 48. 1 5125 0 .1 1950 7500 2087500 0. 496 - 2.406 1.42E--02 74.9 0 0 0 '38 579.9 
517 22.55 3000 1340 24.450345 1.135 1:w,3 53.m. 5125 0 .1 1950 7500 1762500 0.1411 - 2.517 4 .66E--03 4 .15 79.55 0 0 148.7 572 
518 32.23 3000 1300 14.519981 0.5815 120.1 62.42 5125 0 .1 1050 7500 1412500 0.0987 - 3.237 5.95E-03 57.52 65.56 0 0 116.5 514.7 
51 a .9 3000 640 3.345679 0.21.M 1~. 1 40.o;s 5125 0 .1 1950 7500 700000 0.1388 - 1.816 1.31E--02 43.63 0 0 0 =. -1 
520 57.22 3000 1270 4 .104604 0.1327 97.02 n.3 5125 0 .1 1950 7500 1025000 0.0556 - 5.019 1.17E--02 74.79 0 0 0 50.1 449.5 
521 26.14 3000 630 103. 175051 4.4668 129.9 57.75 5125 0 .1 1950 7500 1587500 0.1217 - 1.834 5.34E--03 41.83 95.15 51.54 0 129.7 3596 
522 23.02 3000 580 17.821031 0.5949 100.2 7<1.SIS 5125 0 .1 1950 7500 1075000 0.1382 - 1.7 1.11C--02 :,J,74 71 .»4 0 0 W.4 37D.5 
523 32.17 3000 1360 0 .066355 0.0035 121.6 61.7 5125 0 .1 1950 7500 1C37500 0.0989 - 3.794 1.nE--02 51.28 0 0 0 40.3 604.4 
524 261 3000 62<l 1.67 1803 0.07 139.9 53. 5 125 0 .1 1950 7500 msooo 0.1219 - 2.078 1.63E--02 71 .31 0 0 0 4L 4081 
525 34.39 3000 740 9.06021!19 0.56112 11!18.5 39.79 5125 0 .1 1950 7500 ,n5000 0.0925 - 2.438 1.07E--02 ...,4 44.81 0 0 64.8 3634 
5211 33.24 3000 790 106.412834 4.6311 130.6 57.44 5125 0 .1 1950 7500 1800000 00957 - 2.274 5.52E-03 17.92 95.3 53.01 0 125. 3508 
527 22.22 3000 1180 1.055925 0.0292 83.1 90.25 5125 0 .1 1Q50 7500 812500 0.1432 - 2.848 1.13E--02 78.8 0 0 0 61. 667 
528 24.87 3000 1230 6.205094 0.2908 140.6 53.35 5125 0 .1 1950 7500 1787500 0 279 - 2.669 7.45E-03 40.21 19.42 0 0 93. 1 549.9 

25.57 3000 530 48.884116 1.3262 81 .39 1 92.15 5125 0 .1 1950 7500 787500 0.1244 - 1.643 1.06E--02 40.5 89.n 0 0 65.5 
530 34.73 3000 1260 10.178816 0.4186 123.7 60.86 5125 0.1 1Q50 7500 1475000 0.0916 - 3.169 7.78E-03 33.81 50.88 0 0 .. 1 '376 
=1 24.7 3000 11 50 3.60105 0.1248 104 1 7,d2 5125 0.1 1950 7500 11 7500 u.1:mn - 2A14 1.031::--02 22.~ 0 0 67.2 513.3 
532 51 .39 3000 1450 31 .755549 0.7868 7~ ~~ 5125 0 .1 1Q50 7500 667500 0.0619 - 4.404 5.61E-03 58.32 84.25 0 0 123.6 439.1 
533 39.42 3000 920 14.59569 0. 527 93.04 80.61 5125 0 .1 1950 7500 962500 0.0807 - 2.804 1.10E--02 28.58 65.74 0 0 63 364.5 
~ 37.92 3000 1080 35.215839 1.054 89.79 83.53 5125 0.1 1950 7500 912500 0.0839 - 3.103 6.24E-03 53.15 85.8 0 0 111 .1 <1194 
535 31.25 3000 11 50 7.297863 0.2676 110 68 18 5125 0.1 1950 7500 1237500 0.1018 - 3.223 8.00E-03 81.85 31.<19 0 0 ... 1 528.6 .,. 1.59 3000 670 47.962722 , .• , 1 45.77 5125 0.1 1950 7500 0.1007 - 2.044 8.51E-03 15.12 89.58 0 0 81 .5 331. 
537 59.8 3000 """ 46.894459 ,..., 169.3 « .3 5125 01 1950 7500 2362500 0.0532 - 3.7 4 .lilSE--03 50.93 89.34 0 0 139.1 317.1 
538 53.56 3000 2160 1.555229 0.0531 102.5 73,19 5125 0.1 1950 7500 111 2500 0.0594 - 6.697 9.44E--03 64.89 0 0 0 73.4 640.8 

"' 39.72 3000 1850 3.14306 0.0958 111.4 8,04 5125 0.1 1950 7500 937500 0.0801 - 4.6 8.37E--03 <18 .92 0 0 0 82.8 5113.5 
540 39.n 3000 1120 17.448226 0.821<1 141 .2 53.11 5125 0.1 1950 7500 1800000 0.0801 - 3.062 8.18E--03 18.57 71.34 0 0 847 3951 
541 23.43 3000 41 0 68.798897 2.5903 113 66.4 5125 0.1 1950 7500 1287500 0.1.XJG - 1.416 9.33E--03 n .01 92.73 27.32 0 " 3097 
542 35.59 3000 390 104.429411 5.8097 166.9 4<1.94 5125 0.1 1950 7500 2312500 0.0894 - 1.677 8.96E-03 45.27 95.21 52.12 0 77.3 2"1 .5 
54 4.3' 3000 580 39.18999 .2349 171.f 43.84 5125 0.1 1950 7500 2400000 0.1306 - 1.678 8 .61E-03 23.16 87.24 0 0 80 5 ~=.1 ... 34.84 3000 1290 11 .626n 04406 113.7 65.97 5 125 0 .1 1950 7500 1300000 0.0913 - 3.102 8 .16E-03 20.61 57 0 0 85 456.2 

--545 26.34 3000 1270 0 .576128 0.02&4 147.7 50.78 5125 0 .1 1950 7500 1925000 0.1208 - 2.785 1.27E.Q2 25.38 0 0 0 548 541 .9 ... 63.25 3000 2130 0 .870335 0.0454 bn.5 47.JiU 5125 0.1 1950 7500 2100000 0.0503 - 7.791 1.07E--02 71 .86 0 0 0 o:,1 0,1 . 
547 45.13 3000 800 10.008847 0.3841 115.1 65.14 5125 0 .1 1950 7500 1325000 0.0705 - 3.257 1.15E.Q2 88.3 50.04 0 0 60.2 3611.9 ... 2277 3000 62<l 16.397267 0.6949 1:a.1 5125 0 .1 1Q50 7500 1537500 0.1397 - 1.747 1.01E--02 43.03 69.51 0 0 66.5 393.2 
549 24.53 3000 1650 13.222506 0.3237 73.44 102.12 5125 0 .1 1950 7500 •15000 0.1297 - 3.012 5.82E-03 32.12 82.19 0 0 119.1 62Q2 ... 26.25 3000 ... 6.4734511 0.22113 106.3 70.57 5125 0.1 1950 7500 1175000 0 1212 - ,ooo 1.30E-02 •0.n 2278 0 0 53.1 392.2 
551 3000 450 ,~ ,~ ... o., ·- 11 D . 1 :ml! - 1.<11 11&11::-03 -·· 93.1 31---15 r, • m1 
552 28.61 3000 2330 0 .773361 0.0449 174 43.09 5125 0 .1 1950 7500 2462500 0.1112 - 4.288 7.32E-03 40.12 0 0 0 84.7 768.2 
553 25.27 3000 500 7.333345 0.3841 157.1 47.73 5125 0.1 1950 7500 211 2500 0 1259 - 1.615 1.54E--02 27.96 31 .11:. 0 0 451 :177.5 ... .. ... 3000 640 77.162375 3.1628 123 .... 5125 0.1 1950 7500 1462500 0.0543 - 2.94 1 7.41 E-03 61 .01 93.52 35.2 0 935 257.2 
556 26.8 3000 710 16.760453 0.445 7966 "'" 5125 0.1 1950 7500 762500 0.1196 - 2.142 1 02E--02 73.92 70. 17 0 0 •1 412.7 

- ~ 2242 3000 1120 38.569725 1.6786 130.6 57.•.• 5125 0.1 1950 7500 1800000 0 .1419 - ,356 4.02E--03 '3.28 67.04 0 0 172.3 538.6 •s.n 3000 530 26.486574 0.9908 112.2 66.83 5125 0.1 1950 7500 1275000 00695 - 2.237 1.52E--02 29.49 81 .12 0 0 45.5 2805 
558 5.15 3000 11 90 1.560459 0.0525 100.9 74.31 5125 o., 1950 7500 1oe1~JIJ 0.1265 - 2.,,. 1.20E--02 20.67 0 0 57. ~0.8 
550 26.38 3000 540 11 .827456 0.3949 100.2 74.88 5125 0.1 1950 7500 1075000 0.1206 - 1.787 1.37E--02 60.23 57.73 0 0 50 7 347.2 - 30.92 3000 350 10.205786 0.6Hl8 182.2 4117 5125 0 .1 1950 7= -,7500 0.1029 - 1.58 1.80E--02 73.24 51 .01 0 0 38.5 261 .9 
561 3682 3000 500 20.37114 1.2759 187.9 39.91 5125 0 .1 1950 7500 2762500 0.0864 - 1.938 1.40E--02 21 75.46 0 0 49.8 2695 
562 38.05 3000 1800 2.681636 0.101 113 66.4 5125 0 .1 1950 7500 1287500 ~ 00836 - 5.247 7 .59E--03 97.42 0 0 0 914 706,7 
563 27.88 3000 2100 0 .046188 0.0028 183.9 40.78 5125 0 .1 1950 7500 ,.75000 0.11<11 - 3.675 1.32E--O 1 .81 0 0 0 52.4 675.6 ... 27.86 3000 640 9 .7491 25 0.2864 88.14 85.09 5 125 0 .1 1950 7500 887500 0.1142 - 1,971 1.37E--02 40.31 48.71 0 0 50.8 362.7 
565 = .53 800 107.733976 3.6245 1lil.9 74.31 5125 0 .1 1950 7500 1ue7500 O.UY7 - 2.377 4.34E--03 57 .03 95.36 53.59 0 1598 374 .5 
568 27.1 3000 1380 29.818437 1.0337 104 72.12 5125 0 .1 1950 7500 1137500 0.1174 - 2.808 5.07E-03 24.23 83.23 0 0 136 8 531 
567 n-.45 3000 61 0 3.926428 0.1664 1 7.1 58.99 5125 0 .1 1950 7:,oo 1!>37500 01417 - 1.792 1.3DE--02 56.93 0 0 0 503 ... 

I 



SimtAalion Parameters and Resllta: 1% l~k>fy case 

Time of Mu:irrlll'n Required Requintd 
Maxirrlll'n Maxirrum Release Rate Remainiflv Volume al ot F'trat Source Soun::ie Requwed 

at Concentration at 1-0 carbon above Fixed Order Oeaoop Cleanup Source Cleanup Abiolic Carbon 
Fixed Source Compliance ComJ)liance Complianoa Soun: Source Streamtube Base Bulk Tetradlloride Source Rate l ongitudinal Percentage Percentage Peroenlage RaocUon Tetrachloride 

Velocity Coocentralloo Boundary Boundary Boundary a Rate Ooralion Length Porosity Densty Source Coocentralio Porosity Kd Constant Oisperalvity (5 1,g/L (50 µg/L (500 1,g/L Half nme Travel nme 
Realization ,_,.,, (ma/Ll f11) .R.. IKaM (KaJ\11 111) 111'11 1 lm3/m~ (Kafm'l IKal n lm31 (m,lm') l(m'IKol Ralardalion (1/'y) (m) Compliance) C'..-..nnliAnce} C'.nmnliancel (y) M 

568 22.9 3000 1110 8.769975 0.3323 113.7 65.97 5125 0.1 1950 7500 1300000 0.1389 11##### 2.455 7.34~-03 49.53 42.99 0 O 94.4 549.3 
569 48.12 3000 350 110.837868 4. 121.a 58.67 5125 0.1 1950 7500 o. ~-=--",.s,=o,,,_,,_,_33'"Es-,-0=,t-~,.="'_,.,,_ _ ___,,95"'·•"'•t--~ .. ~-"'••e+------;•e+-~ce,ei, ---s-.,ae2cs,, 
570 23.15 1250 10 0 97.81 76.68 5125 0.1 1950 7500 0. ###### 2.734 6.20E-03 70.98 53.52 O O 111 .7 605.2 
571 37.78 3000 330 634 27 131.2 57.15 5125 0.1 1950 7500 o. 11#####, 1.512 3 20.78 99.21 92.12 21 .22 133.5 205.1 
5n 49.32 3000 1090 28 1 123 60.99 5125 0.1 1950 1500 o. 3.413 3 26.69 82.37 o o 90,B 354.6 
573 23.27 3000 620 56 1 88.14 85.09 5125 0.1 1950 7500 0.13671###### 1.757 3 58.25 91.23 12.26 O 92.5 387 
574 35.31 3000 2020 4 137.3 54.64 5125 0.1 1950 7500 0.0901 ###### 4.302 40.9 O O O 111.3 624.4 
575 47.84 3000 200 143.2 52.36 5125 0.1 1950 7500 0.06651###### 1.344 79-26 99.07 90.72 7.24 88.6 143.9 
576 35.31 3000 590 81 .3Q 92.15 5125 0.1 1950 7500 0.0901 ####a 2.005 21.22 93.45 34.51 O 66.2 291 
5n 32.01 3000 450 122.3 61 .34 5125 0.1 1950 1500 o.0992 ###### t.673 ~ 23.31 94.23 42.34 o ee 267.3 
578 22.8 1 3000 1220 0.054 115.Q 64.73 5125 0.1 1950 7500 0.1395 It##### 2.64 44.71 0 0 0 66.6 593.2 
579 46.31 3000 860 0.8671 88.14 85.09 5125 0.1 1950 7500 3.026 45.15 83.06 O O 72.9 334.9 

=: !i: 3000 ~!;g g:~;! :~:: : :: : :;: g:: ::: ;: : :~~: ~ :: 8.5~ g g 1~:~ 67~; 
582 21 .22 3000 1170 0.1335 156.5 •7.92 5125 0.1 1950 7500 ~ 13.52 O O O 70.5 546 
583 56.81 3000 2180 0.1831 140.6 53.35 5125 0.1 1950 7500 -s.m -03 35.61 0 O O 93.9 520.7 

1-----;,..=---s, e,,9_25 3000 690 2.8138 154.6 48.5 5125 0.1 1950 7500 ~ -a_.,---a.,S'_S'-i11-+--~ .. -... ----.-"_, •------a.+--,'"'•2"".•----aa,.~, '-•' 

5 F,:~ E 1lli g~~ill :z~~ *:ii i~~i i:~ ~:; ~~ 0.1147 ###### {ili tt:~~======~~ .. ~;~~~::tt========·~~~

1
~:~t~=========~ ~:::~_.t~itt============ttgtt====,tt~~t:i~~ ======== .. ~~:t~::~~: = :: = ~ ;:= ~~::~ :::;: ;~;; ~: ~ ~=: ;~ ~= ~:= = 1

i'::! t:~===~::~:=~t====•t'i~::t====t;:~:!~~t======~:t==·~:t:~~====·~~t•:~: 
590 48.28 3000 420 2.•804 97.02 77.3 5125 0.1 1950 7500 1025000 0.0659 ##1111## 2.004 -02 33.89 93.46 34.81 O 48.5 212.7 
591 31.97 3000 660 40.171342 1. 124.4 60.31 5125 0.1 1950 7500 1487500 0.0995 It##### 2.116 •-03.t--.,.._,~,+---,ss,._sset--~~.1-----,a•,-~•1"'.,a---a,,.sas."'1 
592 34.47 3000 390 449.274652 12.1886 81 .39 92.15 5125 0.1 1950 7500 787500 0.0923 It##### 1.581 -03 51.95 98.88 88.87 O 122.2 235.1 
593 26.98 3000 870 5.48381 0.2758 150.9 49.71 5125 0.1 1950 7500 1987500 0.1119 ,.... 2.307 ""-02st---a,"',.35aer--c.a•ce·.,a+--~=eot-----;;•+---"e.,"'·•,._ __ .,.=.2'"' 

;: 

2

i~ = 1

~;g ~:;':= 1g:~!: ~~~ : :: ;!;! g:~ ~=: ;: 12J1soo 0.121 = 1~~; ~!:~~======:::;~:,tto:~~~~tt======== .. ;:'.~'.:;~-~~~========::;:~86;:::;·"'jtott============jtgtt===:;,j~~tt:::J:~========~~~ft::4~~• 
596 50.42 3000 1650 46.9241 16 1.7323 110.1 e1.n 5125 0.1 1950 7500 11#11### 4.357 ~3 37.39 89.34 o o 200.3 «2.9 :: ~:~~ = 1~: 

22~=: ,g= !::; 58.: ::;: g:~ ::: ;:g = !:~~; 1!!~===~:i:::~t====·:':··•~
1 

====~'·;·'t~t==== ==t:t=='i:t:~~ ====~~'~3:a~' 
599 40.02 3000 430 126.34068 4.3476 103.2 72.65 5125 0.1 1950 7500 1947 -03 85.12 96.04 60.4 O 84 249.3 

600 42.3 3000 1570 24.2274 11 0.8088 100.2 74.88 5125 0.1 1950 7500 3:8631===~29t.,~,t====,.~t.36t====:".'.'.:t•t======t•t==•~24t•~====:-~~ 
601 34.69 3000 2090 2.46955 0.0989 120.1 62.42 5125 0.1 1950 7500 4.506 46.46 0 0 0 97.4 665.6 
602 44.43 3000 1240 14.ll09054 0.6215 125.1 59.97 5125 0.1 1950 7500 3.602 :38.04 66.46 0 0 92.2 415.5 

603 36.24 3000 2090 0.2249 77.02 97.37 5125 0.1 1950 7500 
4

.
4

56 7l=:3'~'-.. ffi===·~'!·.,E=~3·E===!·E='~"8 .. f==';'~'-'~ 604 34 .5 3000 410 1.4036 107 70.08 5125 0.1 1950 7500 0.0922 It#####- 1.695 ::g2 46.62 87.29 0 0 47,6 251 .8 
605 48.35 3000 320 21 .755 150.9 49.71 5125 0.1 1950 7500 0.0658 It##### 1.736 -03 46.18 98.84 88.44 0 135.4 184 = ~:~ = : 1 ~:~~ ~::: !!:~ :~;: g:~ ::: ;: g:~ = ~:: 3.79E:g~1t==~:t:58ll11t===:~:~==::.,~ ... ;g•t===::ss:::.,!~t==t•,3t5;tt===2~,~t3::~ 
608 •0.63 3000 780 0.1371 116.6 64.13 5125 0.1 1950 7500 0.0783 #####11- 2.909 1.21E-02 70.71 42.36 O o 57.3 367 
609 24.53 3000 350 4.5202 86.48 86.73 5125 0.1 1950 7500 --aco."'129"',a--~=--s,ca_,..="'•·"'""'•-0-a,a+---e""'·•=,+---.. =_0"1 --~ .. -_,..;.,1------a•t----a11ca2S1---,..~_,s-1 

:~~ ~:~ = ~ ~:~: ~~:: ~ :;:~! ;i~; ~:i i:: ;~ =tg:o~' :.t';;::=:~;;~~==~;~:~g"!tt!~~6:~~!t:~===~•~3.:V~'t====;;.~'~:;6~, ====:r03~-•i~~======tgt=::;•~~~:!;====;~!;::~~ 
:~! : :: = ~ ~:= :::: 56~ ;i;: g:i i:! ;~ =t~::~;;:~=~;;~~==~'~-•5:'4¥,•

5tt~2t~~~ft,~===~~t::~t====''.:'.''.::·1~~======t:~======t:t=='t~;'l::;====:.,~•t2i~ ::: ::~ = 2
~: •~:~: ~~;:! ~:~ ;~;! ~: ~ :: ;: :tg:~::..~,,~~=~~~===;~:~~••;:~:~::~•:~:~===::;:~!:~::;====:::l99~-~~~===~•~•-04~•t====J50~-~;;==::'.°;'t.'~, ====t~::\.\2~2 

:~~ ::~; = :: 129.99541 4~~: :~:: ~~:: : :;: ~: ~ ::: ;: 
0

·
1101 

~=~~~===:~:;3~.:~~: j::~:~~~,===j~~:t.:;!====~=~:~~·~===j!t~:54~· · t======~:t==::;•t:.1tt' ==== ~"~
2t~: 

618 58.05 3000 ,,. :··••SB.I ,,... .., ~ ... .. ·~ ~ _ . ~ .... _ . ... .... . . ., .... 619 27.•7 3000 1830 0.0343 72.53 103.4 5125 0.1 11:150 7500 ##l#UJ# 3.547 9.42E-03 32.94 0 0 O 73.6 661 .7 
620 25.91 3000 1040 0.1233 163.9 45.n 5125 0.1 1950 7500 ######==>-.,ss_50'-c3e+-s1·.os"•"'-02cet----s,.,e_-e.o,.t----,i• ~---a•,----,•e+----s .. sc_,at---a,oaa,_s,,, 
621 28.69 3000 620 1.6286 109. b0.64 5125 0.1 1950 7500 0 #a### 1.894 9.29E-03 31.13 88.82 o o 74.6 338.3 :~ ~~:~ = 1~~g !>~:~~ :~~:5 !~::~ ~ 1 ~~ ~ : ~ ~~: ;;: oiJ!.7, ... i~,}-,;;_~ai,~",:"f)J_=_=J:,c:~~•);1:<1=..,:s:f~.;;'~~~l'~~~~~l•~·T,:q~~~~i .. ~-•i~~~~~;; .. ;.J,;.,~[~~~~;.;,J_s;i[~~i,!.['·jj:J_=_=_=_:!.c;,ll'"':dl:S'I: 
624 23.07 3000 440 7.8 179.9 41 .69 5125 0.1 1950 7500 .1379 l####a 1.433 5.36E-03 54.16 96.16 61.56 O 129.3 318.4 
625 28,4 3000 730 2.2307 174 43.09 S12S 0.1 1950 7500 2.138 6.04E-03 5•.3 87 0 0 114.7 385.8 
626 25.21 390 11.7472 107.8 69.59 5125 0.1 1950 7500 1.352 5.wh::-03 ;M,29 96.47 84.7 117. 274. 
627 33 66 3000 800 32.52•312 1.41 55 130.6 57.44 5125 0.1 1950 7500 1600000 0.0945 ###### 2.392 7.93E-03 33.5 84.63 O O 87.4 S64 .2 
628 47.13 3000 810 43.597229 1.715 118 63.55 5 1 5 0.1 1950 7500 1375000 0.0675 #Ml### 2.817 8.87E-03 24.98 88.~1 o o 78.1 306.3 
629 48.94 3000 420 186.943749 13.5789 217.9 34.42 5125 0.1 1950 7500 3450000 0.065 ###### 2.016 5.97E-03 32.09 97.33 73.25 0 116.2 21 1.1 
630 46.51 3000 21 70 0.355913 0.0184 155.3 48.3 5125 0,1 1950 7500 2075000 0.0684 ##It### 5.317 1.18tc-02 :m.55 0 0 0 58.7 585.9 



Siffu• tion P .. rrata-a me! RNuta: 1% ln\wlkJry C-

Tmeof Maxim...n R- Reqund 
Maxffll.lm Maximum RalflaH Rate A"' - Sou"" Required .. Concentrallon " 1-0 °""" a .. ..., Cleonup ScuceCleant4> -"' Ca,ton 

Fixed Source Compliance Compliance Compliance Sou,e - Straamtube .. .. ... Rate Loogitudinat Pen::entage Percentage Percentage Reaction Telrachloride 
\/elodty Concenlnation ....... ,,, - ....... .,, • Rate """lion Long~ Porosity Oen<~ Constant Disperslvlty (511.~ (5011gn.. (500µg/L Half Time Trallfll Time .. K K m m1fm Im' Com 

5125 0.1 1950 
5125 0.1 1050 
5125 0.1 1950 
5125 0.1 1950 24.47 
5 125 0.1 1950 0 
5125 0.1 1950 0 
5125 0.1 1950 0 
5125 0.1 1950 0 
5125 0.1 1950 0 
5 125 0.1 1950 51.25 
5125 0.1 1950 0 

1.245 5 125 0.1 1950 0 
7.3195 5125 0.1 1 71.05 
04366 5125 0.1 1950 0 .. 

11 .0662 5 125 0.1 1950 79.43 105.5 
2.244 114 ,4 5125 0.1 1950 t5.03 ... 

0.2734 123.7 5 125 0.1 1950 0 115.2 
0.0044 110 5 125 0.1 1950 0 54 
0.7333 142.5 5 125 0.1 1950 67.6 0 98.4 

91 .4 5 125 0.1 1950 0 63.1 
11 1.5 5 125 0.1 1950 03.23 32.31 .... 
135.9 5 125 0.1 1950 97.89 78.86 137.4 
101.7 5125 0.1 1950 99.05 90.46 4. 126. 

12 5 125 0.1 1950 ..... 89.64 120.7 
139.9 5125 0.1 1950 00.55 5.47 99 1 
122.3 61 .34 5125 0.1 1950 0 0 55.6 
131. .65 5125 0.1 1950 ..... 84.65 ...., 
144.5 51 .91 5125 0.1 1950 0 0 454 
114.4 65.55 5125 0.1 1950 34.52 0 628 
71.6 104.73 5125 0.1 1950 0 83 4 
103.2 72.65 5 125 0.1 1950 71.13 0 
110.7 61.n 5125 0.1 1950 0 0 
88.14 85.00 5125 0.1 11150 93.13 31.32 
129.9 57.75 5125 0.1 1950 72.67 0 
125.8 ..... 5125 0.1 1950 0 
155.9 48.11 5 125 0.1 1950 25.43 0 
91.4 5 125 0.1 1950 0 0 

3000 157. 1 47.13 5125 0.1 1950 97.42 74.23 
3000 193.5 38.75 5125 0.1 1950 0 0 
3000 161 .4 ..... 5125 0.1 1950 10.29 0 
3000 149.8 50.13 5125 0.1 1950 56.74 0 
3000 131.9 58.65 5125 0.1 1950 0 
3000 147 51 5 125 0.1 1950 ..... 60.83 
3000 135. 55.17 5125 0.1 1950 94.1 4 1.16 
3000 143.8 52.15 5125 0.1 1950 49.05 0 
3000 141.9 52.86 5125 0.1 1950 s, .n 17.68 
3000 95,44 78.58 " s 0.1 ' 0 
3000 8 1.39 92.15 5 125 0.1 1950 06.05 80.54 
3000 83.1 902S 5 125 0.1 19S0 0 0 574.4 
3000 133.9 58 5125 0.1 19S0 0 0 34 1.4 
3000 8395 89.34 5125 0.1 1050 ..... 0 459.2 
3000 >07 70.08 5 125 0.1 1950 0 0 0 390.8 
3000 118 63.55 5 125 0.1 1950 0 0 - .9 
3000 121 61 ,7 5 125 0.1 1950 0 410.3 
3000 82.25 91 .19 5 125 0.1 1950 84.58 0 175.4 
3000 10 .7 13.15 5125 0.1 1950 0 0 824.6 
3000 127.8 58.67 5125 0.1 19S0 87.07 0 1200 
3000 178.7 5125 0.1 19S0 0 0 383 
3000 129.9 5125 0.1 1950 0 0 265.1 
3000 83.1 5125 0.1 10S0 0 580".4 
3000 7. 5125 0.1 1 75.25 187. 
3000 95.44 5 125 0.1 19S0 71 .46 277.6 
3000 72.53 5 125 0.1 >9S0 18.93 3185 



Sirrdallon Pwameten and Results: 1% lnvenlory case 

Tmeof Maximum R .... ,ed Required 
Maunum MaJdmum ReleaseRale Remaining Volume at or Anol "°""" Sou<00 Requited .. Concenlrtltion at 1-0 Cori>on above Fixed an.. a.a""" Cle ..... Sru,ceClean.-,, Abiolic c.roon 

FlxedSou-ce Complianoe eo.r,,lia"'8 Compliance Sou« Sou<00 Straamtube Ba~ Bulk Tetrachloride Sou<, Rate l ongitudinal Percentage Percentage Percentage Reaction Tetrachloride 
Velodty Concenlralion """""'"' BOU><la,y Boundary '""" Duration , .... ~ Porosity Densly "°""" Con<,nt,allo Porosity Kd Con,tant Dlsperslvtty (5 ,,o,t (50 µ;,l. (5001•9'1- HatfTlme Trawl nme 

Realzation ,-, (man..) M (KQ/vl (KoM M (ml (m,/m3) (Kolm,) (Kol ... ~ m3n<a) Retardation (1/y) (ml Compliance) r.rortY>llance) r..........iiancel M M 
694 28.66 3000 590 0.1051 128.5 58.36 5125 0.1 1950 7500 0 .111 - 1.964 1.76E-02 472 0 0 0 39.• 354.8 
695 48.42 3000 2620 0.60• 89.79 83.53 5 125 0.1 1950 7500 0.0657 - 5.355 4.12E-03 2227 75.22 0 0 168.5 566.7 
696 36.74 3000 1060 0.4337 113 66.4 5125 0.1 1950 7500 0.0666 - 3.08 8.68E-03 48.33 56.59 0 0 79.9 429.7 
697 22.69 3000 450 1.6468 171.7 43.69 5125 0.1 1950 7500 0.1402 - 1.498 Sl .72E-03 63.8 1 82.63 0 0 71.3 338.3 
698 33.24 3000 2320 0.5 137 14 1.9 52.86 5 125 0.1 1950 7500 0.0957 - 4 .448 3.54E-03 49.91 53.97 0 0 195.8 685.7 
699 28.58 3000 730 2.6006 135.9 55.17 5 125 0.1 1950 7500 1700000 0.111 3 - 2 .185 5.18E-03 7 1.8 91 .29 12.87 0 133.9 391 .7 
700 21 .31 3000 930 0.0548 115.1 65.14 5 125 0.1 1950 7500 1325000 0.14931###### 2.294 1.19E-02 63.16 0 0 0 58.2 551.7 
701 41.75 3000 340 14.0076 65.Q9 113.65 5125 0.1 1950 7500 575000 0.0762 - 1.545 7.57E-03 29.07 99.21 92.15 21 .48 91 .6 189.7 
702 30.83 3000 410 1.5874 113.7 65.97 5125 0.1 , .50 7500 1300000 0.1032 - 1.663 1.23E-02 77.47 86.06 0 0 56.5 276.4 
703 28.53 3000 1650 0.2443 93.04 80.61 5 125 0.1 1950 7500 962500 0.111 5 - 3.423 6.31 E-03 46.11 36.53 0 0 109.8 614.8 
704 24.42 3000 630 2.1898 186.8 40.16 5 125 0.1 1950 7500 2737500 0.1303 - 1.789 7.43E-03 3 .47 85.79 0 0 93.3 375.5 
705 34.n 3000 1520 120.9 62.06 5125 0.1 1950 7500 0.0915 - 4.382 1.29E-02 67.75 0 0 0 53.6 645.9 
706 28.61 3000 680 127.8 58.67 5125 0.1 1950 7500 0.111 2 - 2.236 1.6 1E-02 59.92 0 0 0 43.1 400.6 
707 41 .69 3000 460 90.61 82.78 5 125 0.1 1950 7500 0.0763 - 2.103 1.02E-02 96.19 93.77 37.65 0 68.2 258.5 
708 2285 3000 940 110.7 67.n 5125 0.1 1950 7500 0.1392 - 2.133 5.82E-03 36.31 862 0 0 119.2 478.4 
700 5•.28 3000 1340 88.14 85.09 5125 0.1 1950 7500 0.0566 - 4.731 6.88E-03 80.7\l 71.29 0 0 100.8 446.6 
710 33.52 3000 420 135.3 55.44 5125 0.1 1950 7500 0.0949 - 1.754 1.66E-02 50.99 65.95 0 0 41 .7 268.1 
711 25.03 3000 1130 15.5234 17 132.6 56.56 5125 0 .1 1950 7500 0.1271 - 2.583 5.89E-03 52.86 67.79 0 0 117.7 528.8 
712 28.79 3000 8•0 2..222167 123 60.99 5125 0.1 1950 7500 0.1105 - 2.33 1.44E-02 29.12 0 0 0 48.1 4 14 .8 
713 25.68 3000 2210 125.1 59.97 5125 0.1 1950 7500 0.1239 - 4.198 1.15E-02 40.7\l 0 0 0 60.4 837.8 
71' 27.93 3000 400 131.2 57.15 5125 0 .1 1950 7500 0.11 39 - 1.479 1.13E-02 3626 922 2201 0 61 .4 271 .3 
715 2 .93 3000 310 2 183.3 40.91 5 125 0 .1 1950 7500 0.1276 - 1.204 7.71E-03 26.58 97.71 77.09 0 90 247.5 
716 22.53 3000 400 181 41 .43 5 125 0 .1 1950 7:,oo 0.1412 1.325 1.25t -02 23.92 0,.8 0 0 55.5 301.4 
717 62.38 3000 240 589.749404 123.7 60.65 5125 0.1 1950 7500 0.051 - 1.665 6 .97E-03 75.19 99.15 9 1.52 15.22 99.5 136.8 
718 32.46 3000 1260 026•099 1'9 50.35 5 125 0.1 1950 7500 0.098 - 2.947 1.68E-02 10.71 0 0 0 41 .4 465.3 
719 30.04 3000 71lO 16.022217 127.8 58.67 5 125 0 .1 1950 7500 2.507 8.10E-03 90.• 68.79 0 0 85.5 427.8 
720 32.76 3000 920 7.57729 131 .2 57.15 5 125 0 .1 1950 7500 2.678 1.02E-02 46.0 1 34 01 0 0 68 418.8 
721 22.87 3000 1060 8.607479 165.7 45.26 5125 0. 1 1950 7500 2.396 6.eoE-03 52.63 41.91 0 0 102 536.9 
722 24.23 3000 , .. 366.934333 116.6 6•.33 5 125 0 .1 1950 7500 1.534 2.78E-03 56.12 ..... 86.37 0 249.8 324.6 
723 42.59 3000 890 5.798348 122.3 61 .34 5 125 0 .1 1950 7500 2.996 1.31E-02 38.17 13.77 0 0 52.8 360.5 
724 42.7 3000 640 26.052602 11 9.4 62.79 5 125 0 .1 1950 7500 2.339 1.34E-02 15.2 80.8 1 0 0 51 .6 280.7 
725 47.27 3000 1020 5.428915 115.1 65.14 5125 0 .1 1950 7500 3.321 1.32E-02 28.0 1 7.9 0 0 52.6 360 
726 22.8• 3000 2010 6.78624 0.2318 1025 73.19 5125 0.1 ,.so 7500 3201 5.02E-03 37.59 26.32 0 0 136 744.9 
727 24.93 3000 1630 1.50701 0.0369 73.~ 102.12 5125 0.1 1950 7500 3.08 9.87E-03 26.95 0 0 0 70.2 633.2 
728 27.96 3000 310 445.971221 13.3476 89.7 83.53 5125 0.1 1950 7500 1.23 7.59E-03 31.07 w .86 88.79 0 91 .3 225.4 
729 2 1.85 3000 750 1.1238 136.6 , ... 5 125 0 .1 1950 7500 1.846 7.72E-03 30.42 79.74 0 89.8 433 
730 37.3 3000 770 7.1714 125.1 59.97 5125 0 .1 1950 7500 242 

I 
32.14 97.09 70.94 0 194.3 332.5 

731 35.83 3000 1'80 0.541 58.1 129.08 5125 0.1 1950 7500 3556 45.92 82.1 0 0 115.9 508.7 
732 30.1 3000 1760 0.0154 114.4 65.55 5125 0.1 1950 7500 4 128 54.76 0 0 0 625 7022 
733 32_86 3000 550 0.3826 1621 46.28 5125 0.1 1950 7500 1 949 24.52 29.42 0 0 43 31M 
734 25.66 3000 1590 0.0127 97.02 n.3 5125 0.1 1950 7500 3355 41 .31 0 0 0 59 664.8 
735 27.76 3000 710 2.0729 150.2 49.92 5125 0.1 1950 7500 - 206 47.04 87.92 0 0 104.5 380.3 
736 21.67 3000 790 0.1674 9623 77.94 5 125 0.1 1950 7500 ~ 64.14 4.17 0 0 63.5 486 
737 27.43 3000 1040 0.0637 83.1 90.25 5125 0.1 1950 7500 2981 8•.65 0 0 0 59.3 557.1 
738 33.8• 3000 1220 0.1455 1720 43.39 5125 0.1 1950 7500 368• 88.8 1 0 0 0 75.8 557.8 
739 42.53 3000 1130 ~- 129.2 58.05 5125 0.1 1950 7500 3252 42.49 92-55 25.52 0 184.8 391 .9 
740 26.51 3000 1560 5.487531 0.16 12 88.14 85.09 5125 0.1 1950 7500 012 #11#### 3256 49.96 8.86 0 0 97.5 629.4 
741 30.8 3000 980 15.020984 0.8506 169.9 44.15 5125 0.1 1950 7500 0 1033 - 2613 40.67 66.7 1 0 0 98.9 434.9 
742 24.99 3000 1620 

.~~ 
63.17 5125 0.1 1950 7500 0.1273 - 3.22 1.16E-02 33.1 0 0 0 60 660.3 

743 29.51 3000 800 77.94 5125 0 .1 1950 7500 0.1078 - 2.391 1.17E-02 56.4 33.55 0 0 59.5 415.2 
74• = .69 780 170.5 43.99 5125 0 .1 1950 7500 0.1402 - 2.015 1.35E-02 35.n 0 0 0 51.2 455 

7•5 47.62 3000 440 82 110.7 67.n 5125 0 .1 1950 7500 1250000 0.0668 - 2.039 1.26E-02 34.46 93.95 39.49 0 5•.• 219.4 
748 29.8• 3000 1670 147 51 5125 0.1 1950 7500 1912500 0.1066 - 3.749 1.SSE-02 32.23 0 0 0 4•.7 643.9 
747 37.04 3000 270 47 166. 44.94 5125 0 .1 1950 7500 

I 
00859 - 1.363 6.22E-03 34.72 ..... 89,39 0 111 .5 188.6 

748 29.76 3000 1830 154.6 48.5 5 125 0 .1 1950 7500 0 1069 - 3.633 1.40E-02 19.59 0 0 0 49.5 625.7 
7•9 " -~ 850 11 9. ll.t.79 ... , 0 . 1950 0 14:,.o, l#JI#### 1.973 •. 3 2848 71 49 0 0 86.1 462.2 
750 61 .18 3000 3630 130.6 57.44 5125 0.1 1950 7500 0052 ######- 8.393 1.14E-02 24.68 0 0 0 60.9 703.1 
751 29.24 3000 1050 176.4 •~52 5 125 0 .1 ,.so 7500 0 1088 ###It## 2.641 7.86E-03 37.9 1 42.5 0 0 86.2 463 
752 2846 3000 531) 103.2 72.65 5 125 0. 1 1950 7500 01118##### 1.733 7.0BE-03 40.16 ..... 5944 0 97.9 312.2 
753 5• 95 3000 450 95.191'194 3.3 104 72.12 5 125 0 .1 1950 7500 00579 #It####. 2.275 1.16E-02 51 .07 94.75 47.4 7 0 59.6 212.2 
75• 42.93 3000 2290 3.184585 0.116 109. ..... 5 125 0 .1 1950 7500 0.0741 ###11-## 5.269 6.99E--03 2.75 0 99.2 629 
755 37.17 3000 320 429.16768 15.3 106 107 70.08 5 125 0 .1 1950 7500 00856 ##11### 1.498 6 .13E-03 60.79 98.83 88.35 0 113.2 206.6 
756 1 27.01 3000 600 6 .343231 0.215 101 .7 73.75 5125 0 .1 1950 7500 01178 ###### 1.903 1.48E-02 ..... 1.1 8 0 0 46.8 361.1 



Sin'l.llalion Paramattn and Results: 1% lnvenlOfy case 

Tmeof Maximum Required Required 
Maxmum Maximum Release Rate Rem&rlng Volume at or Am "°"°" Sou"" Required ., Concentration .. 1-D C.rt>oo abolle Fixed °""" a .. ,..,, Cleanup Source Cleanup Abiotic Cart>on 

Fixed Source Compliance Compliance Compliance So<xc Sou,ca Slreamtube . ... """ Tetrachloride Soo,ca Ra~ longitudinal Percentage Percentage Percenta99 Reaction Tetrachloride 
Velocily Coocentralion Bcunda,y ·- Boundary eRate Duration l ,ngth POfOSlty Danofy - Concentralio Poroalty Kd eons,,,,. Oisperalvity (511gn.. (5011gn.. (5001-1gll Halfrme Travel Time 

Realizalion ,-, (,ooll.) M .,-, M (ml fm1lm' ) I !Ka/ms) (K ) n{m3) (m' lm1
) {msfKo) Relatdation """ 1ml Comolianoe) r..........J1J,,nce) r..-v,1ianc:el I,) M 

m 29.65 3000 630 1 95.44 78.58 5125 0.1 1950 7500 1000000 0.1073 - 1.99 4.56E-03 71 .24 96.n 67.21 0 152 343.9 
758 31 .69 3000 400 6 92..23 81.32 5125 0.1 1950 7500 

• 
1.557 3.12E-03 60.14 99. 18 91 .83 18.31 222.5 251 .9 

759 27.33 3000 370 162.1 46.28 5125 0.1 1950 7500 1.502 1.28E--02 81.61 81.9 0 0 5'-4 281.6 
760 59.8 3000 1900 120.1 62.42 5125 0 .1 1950 7500 4.881 4.BOE--03 13.62 85.87 0 0 144.3 418.3 
761 21.37 3000 1460 106.3 70.57 5 25 0 .1 1950 7500 2.949 1.54E--02 37.62 0 0 0 45 707.5 
762 28.76 3000 790 11 0 68.18 5125 0 .1 1950 7500 2.34 5.BOE--03 82.81 ..... 0 0 119.5 416.9 
763 47.55 3000 490 139.9 53.6 5125 0 .1 1950 7500 2.295 8.21E-03 70.16 93.98 39.83 0 64.4 247.3 
764 2268 3000 520 133.3 56.28 5125 0 .1 1950 7500 1.541 1.09E-02 33.13 80.34 0 0 63.9 348.4 
765 30.59 3000 1290 115.1 65.14 5125 0 .1 1950 7500 2.944 1.19E--02 20.49 0 0 0 58.4 493.3 
766 27.62 3000 1290 11 0.7 67.72 5125 0 .1 1950 7500 3.056 7.06E-03 64.34 34.12 0 0 98.2 567.2 
767 32.3 3000 1110 0.937993 0.0391 125.1 59.97 5125 0 .1 1950 7500 3.407 1.33E-02 74 .55 0 0 0 52.2 540.6 
768 24.01 3000 640 7.068978 0.2789 118 63.55 5125 0 .1 1950 7500 1.806 1.31E-02 34 .88 29.47 0 0 53.1 385.4 
769 26.31 3000 760 U4924 0.0786 162.7 46.11 5125 0.1 1950 7500 - 2.259 1.44E--02 56.61 0 0 0 48.3 440.1 
770 28.35 3000 400 82.08546 1 3.9708 145.1 51.68 5125 0 .1 1950 7500 - 1.538 8.68E-03 59.47 93.91 39.09 0 78 277.9 
771 60.71 3000 490 .791723 9.6633 97.02 77.3 5 125 0 .1 1950 7500 1025000 0.0524 - 2.392 6 .96E-03 30.45 98.33 83.27 0 99.6 201 .9 
772 21 .45 3000 1210 0.476 97.02 77.3 5125 0 .1 1950 7500 1025000 0.1483 - 2.502 5.78E--03 61 .17 66.03 0 0 119.9 597.7 
773 21.64 3000 770 0.2701 125.1 59.97 5125 0 .1 1950 7500 1500000 0.147 - 1.96 1.03E--02 50.03 22.82 0 0 67.6 464.2 
774 30.33 3000 1740 0.463 90.61 82.78 5125 0.1 1950 7500 925000 0.1049 - 3.7 4 .70E-03 59.21 67.38 0 0 147.6 625.3 
775 21 .52 3000 1980 0.1888 110 68.18 5125 0.1 1950 7500 o. t478l###IUI# 3.241 5 .16E-03 43.6 2.9 0 0 134.4 nu 
776 59.13 3000 600 1.4623 108.5 69.11 5125 0 .1 1950 7500 0 .0538 - 2.729 1.35E-02 28.00 87.63 0 0 51 .5 236.6 
777 6238 3000 200 42.6715 103.2 72.65 5125 0.1 1950 7500 0 .051 - 1.426 5.62E-03 59.3 99.6 95.97 59.68 123.3 117.1 
778 23.78 3000 710 0 .2798 107 70.08 5125 0 .1 1950 7500 0.1338 - 1.891 1.21E-02 30.64 36.26 0 0 57.4 407.5 
779 31.44 3000 970 1.0049 149.6 50.13 5125 0.1 1950 7500 0.1012 - 2.699 6.36E--03 59.94 75. 19 0 0 109.1 440 
780 26.62 3000 191 0 0.1009 146.4 51.23 5125 0.1 1950 7500 0.1186 - 3.62 6.94E-03 39.91 0 0 0 99.8 691 .6 
781 49.63 3000 410 9.8957 162.7 46.11 5125 0.1 1950 7500 0.0641 - 2.073 5.83E-03 68.4 97.2ti 72.6 0 11 8.9 214 
782 25.53 3000 960 2.0022 135.9 55.17 5125 0.1 1950 7500 0.1246 - 2288 4.91E-03 39.11 88.68 0 0 141 .3 459.3 
793 23.27 3000 2100 0.512 108.5 69.11 5125 0.1 1950 7500 1212500 0.1367 - 3.205 4.39E-03 16.37 64.67 0 0 158.1 705.7 
764 43.76 3000 2460 0.2051 82.25 91 .19 5125 0.1 1950 7500 800000 0.0721 - 4.958 6.39E--03 19.76 33.15 0 0 108.5 580.7 
785 35.71 3000 660 2.332 112.2 66.63 5125 0.1 1950 7500 1275000 0.0691 - 2.264 7.35E-03 54.35 91 .98 19.8 0 94.3 325 
766 59.35 3000 200 36.346 133.3 56.28 5125 0.1 1950 7500 

I 
0.0536 - 1.455 7.62E-03 42.35 99.39 93.89 38.69 91 125.7 

787 39.62 3000 210 43.7094 149 50.35 5125 0 .1 1950 7500 0.0799 - 1.194 6 .47E--03 25.69 99.43 94.32 43.2 107.1 153.7 
788 46.04 3000 940 0,9923 144.5 51.91 5125 0 .1 1950 7500 0.0691 - 3.087 8.801::-03 31 .47 75.73 0 0 78.7 343.7 
789 23.62 3000 450 7.5358 115.9 64.73 5125 0 .1 1950 7500 0.133 - 1.-467 5.27E-03 62.27 97.44 74.38 0 131 .6 314.3 
790 26.89 3000 310 20.3128 121 .6 61.7 5125 0 .1 1950 7500 0.11 01 - 1.294 5.29E-03 40.92 99 90.03 0.26 131 .2 229.5 
791 21.69 3000 1900 0.0528 102.5 73.19 5125 0 .1 1950 7500 0.1467 - 3.565 6 .w2E--03 69.43 0 0 0 100.1 842.5 
792 32.5 3000 1110 0.0 171 115.9 64.73 5125 0 .1 1950 7500 1337500 0.0979 - 3.668 1.53E--02 94.24 0 0 0 45.2 578.5 
793 22.36 3000 1090 0 .0108 124.4 60.31 5125 0.1 1950 7500 1467500 0 .1423 - 2.642 

I 
56.57 0 0 0 48.7 605.8 

794 30.1 3000 1100 0.1109 147 51 5125 0 .1 1950 7500 191 2500 0.1057 - 2.997 58.78 0 0 0 65 510.3 
795 411.05 3000 1230 1.2017 130.6 57.44 5125 0.1 1950 7500 1600000 0.0775 - 3.589 67.09 81 .89 0 0 145 ... 
796 26.6 3000 920 0.0611 113.7 65.97 5125 0 .1 1950 7500 1300000 0 .1196 - 2.373 33.42 0 0 0 529 457.2 
797 24.89 3000 2110 0.021 76.78 95.2 5125 0.1 1950 7500 750000 0.1278 - 3.94 49.68 0 0 0 81 .3 811 .3 
798 28.3 3000 700 93.918351 2.6109 89.79 83.53 5125 0.1 1950 7500 0.1124 - 2.038 48.56 94.68 46.76 0 11 6.3 369.1 
799 29.82 3000 1100 4 .855881 0.2583 159.6 46.99 5125 0 1 1950 7500 0.1067 - 3.036 76.41 0 0 0 83.8 521.6 
800 22.82 3000 590 

414280641 
1.3289 96.23 77.1:M 5125 0.1 1950 7500 0.1394 - 1.727 70.53 87.93 0 0 94.9 387.9 

801 36.11 3000 600 0.5151 92.23 81 .32 5125 0 .1 1950 7500 0.0881 - 2.361 87.19 70.16 0 0 54.7 335.1 
802 27.26 3000 1460 0.636 181 41 .43 5125 0 .1 1950 7500 3.175 61 .63 5256 0 0 1'9 596.9 
803 46.58 3000 630 0Ji674 150.9 49.71 5125 o., 1050 7500 2.63 =-= 7 '·"' 

58. 29•• 
804 29.21 3000 990 0.4369 92.23 81 .32 5125 0.1 1950 7500 - 2.522 8.!KlE-03 35.51 64.81 0 0 77.9 442.5 
805 31 .62 3000 880 65.472683 2.1688 99.38 75.47 5125 0 .1 1950 7500 ...... 2.511 4 .99E.Y<11 62.73 92.36 23.n3 138. 407 
806 33.1 3000 420 218.91702 7.8646 107.8 69.59 5125 0 .1 1950 7500 - 1.659 6.54E 55.68 97.72 77.16 0 106 256.9 
807 50.1 3000 610 1.0495 125.1 59.97 5125 0.1 1950 7500 - 2.551 30.5 eo.1• 0 0 51 .2 261 
808 31 .22. 3000 620 0.4046 139.3 53.86 5125 0 .1 1950 7500 - 2.118 51 .14 42.63 0 0 53.2 347.7 
809 32.1 3000 580 2.1101 90.6 1 82.78 5125 0.1 1950 7500 - 2.015 66.26 9284 28.44 0 64.8 321.7 
810 44.58 3000 1130 0.2381 133.9 56 5125 0.1 1950 7500 - 3.329 2 20.66 6.24 0 0 58.6 382.9 
811 40.79 3000 2010 0.1625 133.9 56 5125 0.1 1950 7500 0.076 ###### 5.167 68.81 0 0 0 108.2 649.2 
812 4.4 3000 520 4.1318 182.2 41 .17 5125 0.1 1950 7500 0.1304 1#11#### 1.602 35.18 .,_ .. 26.51 0 99.5 336.6 
813 35.59 3000 260 23.7355 174.6 42.95 5125 0.1 1950 7500 0.0894 - 1.31 27.69 98.77 87.74 0 92 188.6 
814 26.91 3000 2170 0. 206 166.3 45.1 5125 0.1 1950 7500 0.1182 - 4.022 51 .65 0 0 0 120.5 765.8 

15 33.17 3000 540 2.5731 93.04 80.6 1 5125 0.1 1950 7500 0.0959 - 1.894 38.9 93.97 39.74 0 74.8 292.6 
816 57,12 3000 670 1.5065 154 48.7 5125 0 .1 1950 7500 0.0557 - 3.001 51.85 8296 0 0 67.3 269.3 
817 21 .29 3000 620 0.316 97.02 77.3 5125 0.1 1950 750C 0.1494 - 1.804 2 84 .89 48.83 0 0 62.3 434.1 
818 55.62 3000 680 115.421012 3.3911 88.14 85.09 5125 0 1 1950 7500 0.0572 - 2.885 57.15 95.67 56.68 0 101 .4 265.8 
819 23.76 3000 490 53.837608 2.7414 152.8 49.1 5125 0 .1 1950 7500 0.1339 - 1.58 -03 62.3 90.71 7.13 0 90.4 341 .3 



Sill'Ualion Parameters and Results: 1% l~to,y case 

Tmeof Maun= Required Requred 
Maximum Muimum RaleaseRale Remain~ Vdumeator A,-t Sou,oe """"" Reqund 

ot Concentration ,1 1-0 Cort>on above Filled ""'"' o • ..., Cleanup Source Cleanup Ablotic """°" Filled 5olxce Compliance Compliance Compliance Soun, Sou,oe Streemlube .... .,. 
Tetrachloride """"" Rate Longitudinal Percentage Percentage Percenlage Reaction Tetrachloride 

v~~,ty Conoentnollon ~" """""'" Boundary e Rato Dura tion Long~ Poro,lty Densty Soureo Concentratio Porosity Kd Constant Dispersivlty (5 1,g/l (501,g/l (5001,g/L Half Time Travel Time 
Realization l=ILI ... fKalv) , , .. ,., M Im\ l(m,lm"l fKa/m1) (Kg) n(m31 (mshn') (m11kn\ Reiardation (1/\,) (ml r"""""""'l r,,,.,,.,;=I Compliance) M M 

820 32.33 3000 1540 10 045975 0.3855 115.1 65.14 5125 0 .1 1950 7500 1;,,5000 0.0984 - 3.385 t>.51t:--03 32.88 50.23 0 0 106.5 536.5 
821 35 3000 520 181.849304 6.8024 112.2 66.83 5125 0.1 1950 7500 1275000 0.0909 - 1.99 4 .51E--03 83.6 97.25 n .5 0 153.7 291 .5 
822 33.74 3000 490 40.196889 1.83Q3 137.3 54.6' 5125 0.1 1"50 7500 tn5000 0.094 - 1.839 1.16E-02 33.64 87.56 0 0 59.8 27114 
823 25.31 3000 420 18.876951 0.7153 113.7 65.97 5125 0.1 1950 7500 1300000 0.1257 - 1.487 1.47E-02 47.59 73.51 0 0 47.3 301.1 
82' 37.6 3000 310 267.662032 13.9065 155.9 48.11 5125 0.1 1950 7500 2087500 0.0846 - 1.537 6 .11E--03 76.18 96.13 8 1.32 0 113.5 209.S 
825 52.24 3000 2510 0.312652 0.0155 149 50.35 5125 0.1 1950 7500 1950000 0.0609 - 6.029 1.1 7E-02 24.9 0 0 0 59.2 591 .5 
826 47.7 3000 1360 0.602016 0.0301 150.2 -49.92 5125 0.1 1950 7500 1975000 0.0667 ...... 5.302 1.-43E-02 86.65 0 0 0 48.3 569.7 
827 63.S 3000 1740 1.740779 0.0726 125.1 59.97 5125 0.1 1950 7500 1500000 0.0501 - 5.995 1.1 5E-02 49.45 0 0 0 60.1 483.9 
828 52.67 3000 430 57.83032 3.4114 177 42.38 5125 0.1 1950 7500 2525000 0.0604 - 2.236 1.12E-02 55.31 91 .35 13.5-4 0 62.1 217.6 
820 32.66 3000 930 21.207828 0.5995 84.8 88.45 5125 0.1 1950 7500 837500 0.0974 - 2.555 9.19E--03 30.36 76.42 0 0 75.4 400.9 

21.66 3000 1140 43.856043 2.2055 150.9 -49.71 5125 0.1 1950 7500 1987500 0.1469 - 2.382 2.971c--03 69.85 88.6 0 0 233.7 563.7 
831 25.91 3000 1700 4 .854915 0.199 123 60.99 5125 0.1 1950 7500 1462500 0.1228 - 3.266 6 .38E--03 38.99 0 0 0 108.7 64~.1 
832 -43.7 3000 260 51H .731911 28.7513 145.8 51 .45 

51 ' 
0.1 1950 7500 1887500 o.on8 - 1.-44 7.18E--03 23.65 99.16 91 .55 15.5 96.5 168.9 

833 31.1 3000 710 16.206759 0.6491 120.1 62.-42 5125 0.1 1950 7500 1412500 0.1023 - 2.147 1.13E-02 25.18 69.15 0 0 61.2 353.9 
834 60.71 3000 660 49.963164 1.7956 107.8 69.59 5125 0.1 1950 7500 \ 0.0524 - 3.66 6 .59E-03 78.25 90 0 0 105.2 310.7 
835 31 .78 3000 750 59.975302 3.0288 151.5 49.5 5125 0.1 1950 7500 2000000 0.100 1 ...... 2.16 7.SOE-03 12 .55 91.66 16.63 0 92.4 348.3 
836 23.19 3000 430 31 .921838 1.4465 135.9 55.17 5125 0.1 1950 7500 1700000 0.1372 - 1.475 1.07E-02 70.92 84.34 0 0 64.9 326 
837 25.n 3000 360 24."80669 1.3341 160.2 46.81 5125 0.1 1950 7500 2175000 0.1237 - 1.399 1.39E-02 52.49 79.96 0 0 50 278.8 
838 40.53 3000 2100 1.8858 0_0409 65.03 115.32 5125 0.1 1950 7500 562500 0.0785 - 4 .593 1.01E-02 25.54 0 0 0 69 580.8 
839 38.99 3000 no 58.896203 1.7948 91.-42 82.04 5125 0.1 1950 7500 937500 0.0816 - 2.523 7.56E--03 60.33 91.51 15.1 0 91.7 331 .7 
840 20.7 3000 ... 5-4.305475 2.,no 136.6 54.9 5125 0.1 1950 7500 1712500 0.1071 - 2 .489 4.47E--03 45.73 90.79 7.93 0 155.2 429.-4 
841 28.56 3000 1060 5080747 02223 131 .2 57.15 5125 0.1 1950 7500 1612500 0.1114 - 2.658 9.64E-03 33.n 1.59 0 0 71 .9 477 
842 30.66 3000 880 8.975703 0.3595 120.1 62.42 5125 0.1 1950 7500 1412500 0.1037 ...... 2 .411 1.09t:-02 27.12 44.29 0 0 63.9 402.8 
843 47.48 3000 340 24 1.459686 12.092 150.2 49.92 5125 0.1 1950 7500 1975000 0.067 - 1.744 9.17E-03 28.34 97.93 7Y.29 0 75.6 188.2 
844 25.07 3000 450 90.11 0514 3.8395 127.8 58.67 5125 0 .1 1950 7500 1550000 0.126 - 1.454 9.~ t: -03 16.63 94.45 44.51 0 70.6 297.2 
845 20.98 3000 1270 1.685221 0 .0643 114.4 65.55 5125 0.1 1950 7500 1312500 0.1061 - 3.558 1.04E-02 84.02 0 0 0 66.9 608.2 
846 2UM 3000 560 146.n&418 8.19:U 1t>7.5 44.78 5125 0 .1 1950 7500 2325000 0.145 - 1.55 4.61E--03 28.12 96.59 65.92 0 150.2 362.1 
847 24.03 3000 1840 1.344737 0.0466 104 72.12 5125 0 .1 1950 7500 1137500 0.1324 - 3.263 8.36E--03 20.98 0 0 0 82.9 ... 
848 31.85 3000 1420 10.00725 0 .52 155.9 -48.11 5125 0.1 1950 7500 2087500 ...... - 3.422 5.SSE--03 60.S 50.04 0 0 125 SS0.7 
849 23.97 3000 2100 1.004302 0.0402 120.1 62.-42 5125 0.1 1950 7500 1412500 0.1327 - 3.522 7.74E--03 30.03 0 0 0 89.5 753 
850 26.16 3000 640 3.79935 0.1879 148.3 50.56 5125 0.1 1950 7500 1937500 0.1216 - 2.043 1.36E-02 &1.16 0 0 0 51 .1 400.1 
851 32.97 3000 1790 11.357876 0.41 09 108.5 69.11 5125 0.1 1950 7500 1212500 0.0965 - 3.832 5.21E-03 46 .31 55.66 0 133 595.8 
852 26.06 3000 1480 0.158321 0.0055 104.8 71 .59 5125 0.1 1950 7500 11 50000 0.1221 - 3.48 1 1.38E-02 53.38 0 0 0 50.3 694.8 
853 24.62 3000 1790 1.217643 0.0358 88.14 85.09 5125 0.1 1950 7500 887500 0.1292 - 3.464 8 .72E-03 45.94 0 0 0 79.5 720.9 
854 35.35 3000 320 273.124759 11.9482 131 .2 57.15 5125 0.1 1950 7500 1612500 0.09 - 1A85 7.21E--03 57.74 98.17 81.69 0 96.1 215.3 
855 43.88 3000 1250 10.204669 0.3563 104.8 71 .59 5125 0.1 1950 7500 1150000 o.on5 - 3.476 9.661c--03 22.88 51 0 0 71 .7 406 
856 30.41 3000 710 127.033458 5.0275 118.7 63.17 

51 ' 
0.1 1950 7500 1387500 0.1046 - 2.108 4.5•k--03 40.48 96.06 60.64 0 152.7 355.3 

857 44.-43 3000 41 0 76.6225&4 3.723 145.8 51 .45 5125 0.1 1950 7500 1887500 0.0718 - 1.937 1.1-4E-02 45.85 93.47 34.75 0 61.1 223.4 
858 36.95 3000 4\0 124 .184508 3.3691 81 .39 92. 15 5125 0.1 1950 7500 787500 0.0861 - 1.655 1.31E-02 16.14 95.97 59.74 0 53.1 229.5 
859 61 .77 3000 870 14.617025 0.819 168.1 44.62 5125 0.1 1950 7500 2337500 0.0515 - 3.914 9.36E--03 77.89 65.79 0 0 74 324.7 
860 46.51 3000 420 280.34977 8.9188 95.44 78.58 5125 0.1 1950 7500 1000000 0.0694 - 1.971 6.70E-03 57.4 98.22 82.17 0 103.5 217.2 
861 26.64 3000 1060 49.324989 1.9638 119.4 62.79 5125 0 . \ 19:,u 7500 1400000 0.1HM - 2.56 3.84E-03 62.38 89.66 0 0 180.3 492.9 
862 23.53 3000 390 43.693932 1.6769 115.1 65.14 5125 0 .1 1950 7500 1325000 0.1352 - 1.347 1.23E-02 41 .41 88.56 0 0 56.2 293.5 
863 33.38 3000 820 8 .519683 0.4029 141 .9 52.86 5125 0.1 1950 7500 1812500 0.0953 - 2.442 1.15E-02 29.3 41 .31 0 0 60.5 374.9 
864 21 .77 3000 740 8.07962 0.3387 125.8 59.64 5125 0 .1 1950 7500 1512500 0.1461 - 1.971 9.71E--03 66.12 38.12 0 0 71.4 463.9 
865 25.25 3000 510 152.329749 3.8364 71.82 104.73 5125 0.1 1950 7500 850000 0.126 - 1.544 8.33E-03 24.71 96.n 67.18 0 83.2 31 3--:-5 
866 40.02 3000 1340 44.136975 1.9804 134.6 s5.n 5125 0 .1 1950 7500 1675000 0.0795 - 3.365 4 .53E-03 23.47 88.67 0 0 153,1 431 
667 28.13 3000 1790 2.692037 0.1399 155.9 48.11 5125 0 .1 1950 7500 2087500 0.1131 - 3.437 7.22E--03 28.74 0 0 0 .. 626.2 
868 32.66 3000 1380 11 .546101 0.5976 155. 48.3 5125 0.1 1950 7500 2075000 0 .0974 - 3.123 6 .66E-03 22.86 56.7 0 0 104.1 490 
869 31 .59 3000 600 101. 150946 4.6731 138.6 54.11 5125 0 .1 1950 7500 1750000 0 .1007 -- 2.048 4 .77E-03 79.96 95.06 50.57 0 145.-4 332.2 
870 22.44 3000 600 11.345688 0.5242 138.6 54.11 5125 0.1 1950 7500 1750000 0.141 8 - 1.676 1.16E-02 29.9 55.93 0 0 59.6 382.8 
871 24.83 3000 1570 0.18 7154 0.0077 123 60.99 5125 0.1 1950 7500 1462.500 0.1281 - 3.473 1.23E-02 53.1 0 0 0 56.3 716.8 
an 27.1 3000 840 7.475783 0.3487 139.9 53.6 5125 0.1 1950 7500 m5000 0.1174 - 2.183 1.10E-02 22 33.12 0 0 62.9 -412.9 
873 27.96 3000 780 14.364074 0.4=:. 94.64 79.25 5125 0.1 1950 7500 987500 0.1138 - 2.226 1.01E-02 47.73 65.19 0 0 66.6 408.1 
874 27.5 3000 850 1.058374 0.0362 102.S 73.19 5125 0.1 1950 7500 1112500 0.1157 - 2.398 1.59E-02 42.95 0 0 0 43.5 447 
875 = .44 3000 1110 u .u79309 0.0047 m 4238 51"5 0.1 1950 7500 2525000 0.1203 - 3.1 1.7ut:-02 63.- 0 0 0 40.8 604 7 

---!76 30.8 3000 560 126.64868 5.7672 136.6 54.9 5125 0.1 1950 7500 1712500 0.1033 - 1.856 6.25E-03 28.71 96.05 60.52 0 110.9 308.9 
877 23.85 3000 1060 21.945309 0.9097 12-4.-4 60.31 5125 0.1 1950 7500 487500 0.1334 ...... 2.312 6 .32E-03 27.84 77.22 0 0 109.7 496.9 
878 30.21 3000 350 15.966868 0.9697 1822 41.17 5125 0.1 1950 7500 2637500 0.1053 - 1.-482 1.71E-02 44.21 66.66 0 0 40.5 251 .4 
879 23.39 3000 470 50,551756 2.6477 157.1 47.73 5125 0.1 1950 7500 21 2500 0 .136 - 1.507 8.52E-03 51 .22 90.11 1.09 0 81 .4 330.1 
880 57.42 3000 2050 3.156383 0.0753 71 .62 104.73 51"5 0 .1 1950 7500 850000 0.0554 - 6.007 9 .76 -03 44.62 0 0 0 71 5361 
881 35.23 3000 670 30,916481 1.4822 143.8 52.15 5125 0 .1 1950 7500 1850000 0.0903 - 2.239 9.40E-03 32.37 83.83 0 0 737 325 7 
862 23.2 3000 1210 1.641804 0.0661 120.9 62.06 5125 0.1 1950 7500 1425000 0.1371 - 2.945 9.51t:-03 8346 0 0 0 72.9 1 650.-4 



Simulation Parameters and Resulls: 1% lnvenlory case 

T>neol Maxi'num Requirad ....... 
Maximum Maximum Release Rate Remaining VO,Umeator First - ....,.,. Required 

" Concentra tion " 1-D Cart>on aboYe Fixed °""" o.a,..., Cle ... , Source Cleanup Abiotic Cart,on 
Fixed Source Compliance "°"""""' Compliance Soun, ....,.,. Straamlube .... ·"" Tetrachloride ....,.,. ··~ l oogituclinal Percentage Percentage Percentage Reaction Telr&Chloride 

Velocity Conc8111ralion Boonda,y Bounda,y Bouoda,y ... ~ Duration Leng~ Porosity Oensty Sou<ee Con<enuatio Porosity Kd Constant Oispe1111vity (511gn.. (50 11g/L (500µg/l Half Time TravelTime 
Realization lmM Imo/LI M 

.I 
(Kolv) IKaM M 1ml :(m3/m31 {Kalm3l 

1 
"m3 {m3hn3

) (m3/Kal Relardalioo ffM Im) Comoliancel CornnllAnce) C-..-..nnliance) M M 
883 56.51 3000 640 0.918 147 51 5125 0.1 1950 0.0563 - 2.924 1.30E-02 48.97 73.3 0 0 53.3 265.2 
884 44.19 3000 1910 0.0029 137.9 54.37 5125 0.1 1950 0.072 - 5.536 1.65E-02 44.3 0 0 0 42. 1 642.1 
885 24.59 3000 91 0 0.197 79.66 94.15 5125 0.1 1950 0.1294 - 2.164 1.12E-02 24.85 32.6 0 0 61.8 451 .1 
886 51.64 3000 1550 02989 121 .6 61.7 5125 0.1 1950 0.0616 - 4.648 7.91E-03 47.41 32.21 0 0 87.6 46 1.2 
887 21 .-48 3000 1060 0.7531 137.3 54.64 5125 0.1 1950 0.1481 - ~33 5 .SOE-03 63.79 69.62 0 0 126 555.8 
988 44 3000 680 3.9934 111 .5 67.27 5125 0.1 1950 0.0723 - 2.584 5.36E-03 63.25 95.35 53.47 0 129.4 301 
889 21.85 3000 880 1.104002 0.046 125.1 59.97 5125 0 .1 1950 7500 0.1456 - 2.13 1.35E-02 39.53 0 0 0 51.4 499.6 
890 23.48 3000 1920 3.686715 0.1415 11 5.1 65.14 5125 0.1 1950 7500 0.1355 - 3.45 5 .79E-03 51 .59 0 0 0 119.7 753.1 
89 1 45.51 3000 570 24 .597393 12632 156.5 47.92 5125 0.1 1950 7500 0.0699 - 2.341 1.30E-02 30.14 79.67 0 0 53.5 263.6 
892 31 .78 3000 240 131.55694 5.4842 125.1 59.97 5125 0.1 1950 7500 0.1001 - 1.187 1.49E-02 40.64 962 61 .99 0 46.5 191 .5 
8113 54.57 3000 390 403.298556 13.3594 99.38 75.47 5125 0.1 1950 7500 0.0583 - 2.031 5.69E-03 59.02 96.76 87.6 0 121 .7 190.7 
894 41 .64 3000 370 4.9684 181 .6 41 .3 5125 0.1 1950 7500 - 1.745 1.19E-02 30.05 93.91 39.08 0 58.4 214.7 
895 35.15 3000 620 0.8066 113 66.4 5125 0 .1 1950 7500 - 2222 1.14E-02 51 .34 76.66 0 0 60.6 323.9 
896 33.56 3000 1020 0.0368 106.3 70.57 5125 0 .1 1950 7500 2 .991 1.52E-02 43.35 0 0 0 45.7 456.8 
897 28.63 3000 2060 0.0228 162.7 46.11 5125 0.1 1950 7500 3.911 9.38E-03 29.32 0 0 0 73.9 699.9 
898 23.43 3000 690 0.0709 147 51 5125 0.1 1950 7500 - 2.009 t .49E-02 57.93 0 0 0 46.4 439.6 
899 33.31 3000 1500 0.0555 140.6 53.35 5125 0.1 1950 7500 0.0955 tt##IUi# 3.601 1.06E-02 37.42 0 0 0 65.3 553.9 
900 58.59 3000 2570 0 .0734 126.4 59.31 5 125 0.1 1950 7500 0.0543 - 7.973 7.70E-03 70.51 0 0 90 697.4 
901 35.67 3000 1220 1.12n 96.6 76.07 5125 0.1 1950 7500 0 .0892 - 2.993 6.54E-03 18.9 85.43 0 0 105.9 4,02 
902 22.39 3000 550 2.475 77.91 96.27 5125 0.1 1950 7500 0.1421 - 1.555 7.81E-03 40 ... 94.75 47.54 0 88.8 356 
903 40.32 3000 2030 0 .5032 84.8 88.45 5125 0.1 1950 7500 0 .0789 - 4.732 4 .26E-03 60.55 71.92 0 0 162.9 601 .4 
904 30.33 3000 630 0.183 160.2 46.81 5125 0.1 1950 7500 0.1049 - 2.157 1.SOE--02 56.52 0 0 0 46.1 364.5 
905 58.37 3000 730 9.8481 104.8 71.59 5125 0.1 1950 7500 0.0545 - 2.973 2.52E-03 43.74 96.23 !!2.27 0 274.9 261 
906 38.28 3000 1220 1.0874 110 68.18 5125 0.1 1950 7500 0.083 1 - 3.137 6.58E-03 22.18 83.14 0 0 105.3 419.9 
907 30.71 3000 340 1 5.9823 131 .2 57.15 5 125 0.1 1950 7500 0.1036 ...... 1.424 9.93E-03 43.85 96.34 63.44 0 69.8 237.7 
908 26.25 3000 1020 0.8765 113.7 65.97 5125 0.1 1950 7500 0.1212 - 2.369 7.03E-03 25.33 78.38 0 0 98.6 462.6 
909 36.23 3000 1890 0.0023 110.7 67.72 5125 0.1 1950 7500 0.0878 - 4.455 1.58E-02 3022 0 0 0 43.8 630. 1 
'10 37.96 3000 1150 U3()8 8U5 91 .19 5 125 0 .1 1950 7500 0.0838 - 3.045 4 .58E-03 34.03 93.86 38.55 0 151 .5 41 1.1 
911 31 .44 3000 1660 0.0235 69.77 107.5 5125 0.1 1950 7500 0.1012 ...... 4.421 1.oee-02 79,08 0 0 0 64.2 720.7 
912 38.56 3000 2050 0.1-487 93.8-4 79.92 5125 0 .1 1950 7500 0.0825 ...... 4.205 7.79E-03 18.44 0 0 0 89 558.9 
913 29.48 3000 660 0.1859 107 70.08 5125 0 .1 1950 7500 0.1079 - 2.267 1.36E-02 77.21 4.05 0 0 50.1 394 
914 24.12 3000 950 1.6151 114.4 65.55 5125 0 .1 1950 7500 0. 1319 - 2.189 5.59E-03 32 .75 88.19 0 0 124.1 465.1 
915 36.52 3000 380 6.4895 145.1 5 1.68 5125 0. 1 1950 7500 0.0871 - 1.653 9.12E-03 42.67 96.27 62.73 0 76 231 .9 
916 27.69 3000 900 1.9043 123.7 60.65 5125 0 .1 1950 7500 0.1149 - 214 6 .67E-03 30.95 89.18 0 0 103.9 398.1 
917 22.55 3000 1190 ~- 10< 72.12 5125 0 .1 1950 7500 0.1411 - 2.374 3.24E-03 36.3 93.22 2.21 0 213.7 539.6 
D18 48.5 3000 1510 81 .39 92.15 5125 0 .1 1950 7500 4 .929 1.14E-02 63.39 0 0 0 60.8 520.9 
919 40,79 290 119.4 62.79 5125 0 .1 1950 7500 1.467 6 .34E-03 35.12 99.14 91.37 13.67 109.3 18-4.3 
920 24.23 3000 730 82.25 91 .19 5125 0 .1 1950 7500 2 .134 1.32E-02 71.53 0 0 0 5~3 451 .3 
921 28.74 3000 590 100.9 74 .31 5125 0 .1 1950 7500 1.852 8.40t-03 39.34 92.49 24.89 0 8~6 330.2 
922 30.36 3000 860 0.3071 110.7 67.72 5125 0 .1 1950 7500 2.651 9.91E-03 79.72 39.89 0 0 69.9 447.6 
923 2229 3000 1400 0 .0511 28.5 58.36 5125 0.1 1950 7500 2.751 9.SSE-03 36.1 0 0 0 72.6 632.4 
924 33.1 270 16.0738 105.5 71.08 5125 0.1 1950 7500 - 1.265 8.42E-03 30.34 98.91 89.06 0 8~4 195.8 
925 23.64 3000 440 5.8716 185.6 40.4 5125 0.1 1950 7500 - 1.457 

ii 
52.12 94.73 47.31 0 108.4 315.9 .,. 43.46 3000 960 1.4241 155.3 46.3 5125 0.1 1950 7500 0.0732 - 3.088 44 .61 81 .83 0 0 102.7 364.1 

927 36.23 3000 410 1.5 145 141 .Q 5~86 5125 0.1 1950 7500 0.0878 - 1.798 57.08 84.39 0 0 50.5 254.3 
928 44.87 3000 2610 0.0649 158.4 47.36 5125 0.1 1950 7500 0.0709 - 6.229 51.49 0 0 0 95.9 71 1.5 
029 21 .28 3000 no 0.1715 124.4 60.31 5125 0.1 1950 7500 0.1495 - 1.856 24 .27 0 0 57 447.1 
930 63.12 3000 480 4.6598 83.1 90.25 5125 0.1 1950 7500 0.0504 - 2.373 17.43 97.03 70.27 0 55.4 192.6 
931 32.23 3000 380 218.068445 9.687 133.3 56.28 5125 0 .1 1950 7500 1650000 0.0987 - 1.539 7 3 38.55 97.71 11.01 0 96.6 244 .7 
932 31.41 3000 660 10.64-4185 0.542 152.8 49.1 5125 0 .1 1950 7500 2025000 0.1013 - 2.29 1 2 74 .45 53.03 0 0 64.3 373.7 
933 28.95 3000 630 0.0477 149 50.35 5125 0 .1 1950 7500 0.1099 ...... 2.343 1 2 302 0 0 0 ,a 414 .8 

'" 24.34 3000 380 5.8697 11 9.4 62.79 5125 0 .1 1950 7500 0.1307 - 1.296 • 14.27 96.61 66.09 0 69.9 272.9 
935 21.61 3000 420 1.3432 97.81 76.68 5125 0 .1 1950 7500 0.1472 - 1.287 16.97 87.86 0 0 ~3 3052 
936 2259 3000 1500 0.1691 I 54.9 51.t:5 0 .1 1950 7500 0.1408 - 2.861 41 .56 0 0 0 100.4 648.9 .,, 37.25 3000 1270 0 .0223 172.3 43.54 5125 0 .1 1950 7500 0.0654 - 3.977 2 62.66 0 0 0 48.4 547.1 
938 25.19 620 5.6365 11 3 66.4 5125 0 .1 1950 7500 0.1263 - 1.753 3 26.07 86.66 66.6 0 128.8 356.6 
930 27.33 3000 680 o.on, 113 66.4 5125 0 .1 1950 7500 0. 1164 - 2.168 2 59.1 0 0 0 43.4 406.5 
940 21.34 3000 460 1.548 154 48.7 5125 0.1 1950 7500 0.1491 - 1.385 20.38 83.42 0 0 60.8 332.6 
841 44.12 520 3.2641 96.6 76.07 5125 0.1 1950 7500 0.072 1 - 2.213 57.38 94.97 49.66 0 78.3 257.1 
842 61 .06 3000 m o 0.4789 83.95 89.34 5125 0.1 1950 7500 0.0521 - 5.68 5.86 E-03 69.76 70.79 0 0 118.3 476.7 
943 28.1 3000 1110 0.284996 0.0113 119.4 62.79 5125 0.1 1950 7500 0.1132 - 3.061 1.56E-02 5722 0 0 0 44.5 558.1 
944 42.93 3000 290 364.025124 13.2586 109.3 69.64 5125 0.1 1950 7500 1 0.074 1 - 1.507 9.00 E-03 47.82 96.63 86.26 0 77.1 179.8 
945 34.13 3000 1090 0 .487091 0.0144 88.97 84.3 5125 0.1 1950 7500 0.0932 - 3.357 1.68E-02 56.3 0 0 0 41 .3 1 5041 



Sin'IJlatlon Parameters and Results: 1% lnven10ty case 

Tme of Maxmum Required Rt1QUired 

M"""""' ...,,.,..m Release Rate Ren\lWlng Volume at or FlBI s...n,, '""""' ·-.. Concentration .. 1-0 cart>on aboYe Fixed °""" et • ..., Cleanup Soun,, Cloan"P Abiotic ca.t,on 
Fixed 5olJrce Compliance Compliance Compliance Sou« s...n,, StreamlUbe .... """ TelfBchloride - ··~ Longitudinal Percentage Percentage Percentage Reaction Telrachloride 

Vek.city Concentralion -~ Bounda,y Brunda,y e Rate Dun, tioo Long~ Porosity Densty Sou<eo Coocentrello Porosity Kd Constant -~ (5µg!l (so,,gn.. (5001tg/l Half Time TraY0ITime 
Reelizallon (mlv) '-' ) M , ..... (Kalv) (K"") M (ml lfm,,m:., /Kolmsl /K ) n (m3) (mJ/niS) (m5Jlfo\ Relanjalion /IM /ml Comolianee) f".............,ncel f".........U..nce\ (,I M 

946 22.02 3000 690 -:~: 53.86 5125 0.1 1950 7500 1762500 0.1445 - 1.748 1.04 E-02 17.09 6'.5 0 66.5 406.9 
947 27.57 3000 880 59.64 5125 0.1 1950 7500 2.595 8.63E-03 89.95 42.3 0 0 90.3 482.5 
946 43.46 3000 220 121 .6 61.7 5125 0.1 1950 7500 1.2B7 7.37E-03 31.32 99.38 93.76 7.1> 1 94.1 151.8 
949 26.56 3000 1620 83.95 89.34 5125 0 I 1950 7500 3.586 1.12E-02 51.89 0 0 0 61 .7 692.1 
950 53.29 3000 1310 129.2 58.05 5125 0.1 1950 7500 4.031 5.24E-03 39.47 ..... 0 0 132.3 387.7 
951 30.~ 3000 720 100.9 74.31 5125 0.1 1950 1~ 2.352 1.65E-02 55.64 0 0 0 41 .9 39-4.4 
952 29.29 3000 141 0 70.69 106.09 5125 0.1 1050 7500 3.552 1.06E-02 66.6 0 0 0 65.7 621 .5 
953 33.38 3000 1040 3.973698 11.2155 162.7 46.11 5125 0.1 1950 7500 - 2.96' 1.02E-02 50.37 0 0 0 68.2 455.1 ... 38.42 3000 750 178.419992 6.2304 104.8 71.59 5125 0 .1 1050 7500 11 50000 - 2.445 3.70E-03 44.81 97.2 71.98 0 187.2 326.1 ... 32.01 3000 420 159.38632 7.1871 135.3 55.44 5125 0 .1 1050 7500 1687500 - 1.66 8.64E-03 54.49 96.86 68.63 0 104.4 265.8 
956 35.51 3000 1300 5.867964 0.3335 170.5 •3.99 5125 0 .1 1050 7500 2387500 - 3.55 7.28E-03 63.09 14,79 0 0 95.2 512.5 
957 2•.25 3000 490 15.289115 0.406 79.66 9-4.15 5125 0. 1 1050 7500 - 1.621 1.41E-02 67.•2 67.3 0 0 49.2 3426 
958 53.74 3000 540 70.639 15 3.2635 138. S4.11 5125 0.1 1950 750C - 2.62• 8.03E-03 82.52 92.92 29.22 0 86.3 250.3 
959 26.4 3000 500 137.397616 7.168 156.5 47.92 5125 0 .1 1'50 7500 - 1.6 6 .79E-03 17.74 96.36 63.61 0 1021 310.5 
960 40.27 3000 930 1oa.66nsz 6.1011 166.9 44.94 5125 0 .1 1'50 7500 2.755 3.81E-03 1'.29 9544 S4.4 1 0 181 .9 350.6 
961 22.59 3000 1220 25.547588 1.1803 138.6 54.11 5125 0 .1 1950 7500 2.•15 4.88E-03 28.« 80.43 0 0 1•1.9 547.8 
962 28.35 3000 1540 5.095107 0.1968 115.9 64.73 5125 0 .1 1950 7500 3.659 8 .43E-03 82.n 1.87 0 0 107.8 661.3 
963 22.08 3000 380 

1 156 1745141 
9.3341 179.3 41 .83 5125 0. 1 1050 7500 1.285 6 .48E-03 32.3 96.8 67.98 0 106.9 298.4 ... 45 3000 380 8.241 98.8 76.07 5125 0 .1 1950 7500 1.809 9.39E-03 29.22 98.01 B0.06 0 73.8 206 

9651 2209 3000 590 2. 1973 141.9 5286 5125 0 .1 1950 7500 1.645 7.40E-03 38.58 89.24 0 0 93.7 381.6 ... 60.83 3000 
1~ 

9.731 121 .6 61.7 5125 0.1 1'50 7500 1.604 1.62E-02 42.56 97.Q2 79.18 0 42.9 135.1 
967 36.69 3000 1.7265 1326 56.56 5125 0.1 1950 7500 - 3.006 5.25E-03 30.78 07.2 0 0 132.1 419.9 ... 31 .22 3000 1410 0 .951-445 0.029 91 .•2 82.04 5125 0.1 1950 7500 937500 - 3.641 1.18E-02 56.33 0 0 0 58.6 597.8 
969 53.47 3000 550 1 0 .515613 4.-'1261 120.1 62.42 5125 0. 1 1950 7500 1412500 - 2.382 1.06E-02 14.64 95.48 54.76 0 65.4 228.3 
970 •1.37 3000 1900 0.941 793 0.0366 116.8 64.33 5125 0.1 1950 7500 

• 
4 ,84 7 1.05E-02 43.52 0 0 0 66.2 600.5 

971 51.56 3000 450 425.373049 13.306 93.84 79.92 5125 0 .1 1950 7500 - 2.1 5.41E-03 36.81 98.82 88.25 0 128.1 208.8 
m 3236 3000 690 39.240413 1.7694 135.3 55.44 5125 0 .1 1950 7500 - 2. 146 8.S9E-03 7.9 87.26 0 0 80.7 339.8 
973 35.87 3000 1000 0.2307 127.1 58.99 5125 0.1 1050 7500 - 2.91 6 1.11E-02 37.83 8.15 0 0 62.6 416.7 
9 74 49.17 3000 1490 0.3846 100.2 74.88 5125 0.1 1950 7500 - 4.049 8.SOE-03 23.07 56.59 0 0 81.5 422 
975 57.22 3000 550 4.81•2 157.7 47.54 5125 0.1 1950 7500 - 2.629 7.25E-03 53.54 94.54 •5.39 0 95.6 235.5 
976 33.92 3000 320 10 .302 105.5 71.08 5125 0.1 1950 7500 1.393 9.62E-03 25.62 98.29 82.93 0 72 210.5 
977 22.14 3000 790 1.6753 1•2.5 52.62 5125 0.1 1950 7500 1.973 5.59E-03 60.45 85.82 0 0 123.0 456.8 
978 29 3000 1630 0.0874 124.4 60.31 5125 0 .1 1'50 7500 3.788 7.95E-03 66.96 0 0 0 87.1 669.3 
979 37.47 3000 490 10.452 98.6 76.07 5125 0 .1 1950 7500 1.891 -'l .87E-03 43.93 96.43 8'.28 0 142.4 258.7 
990 51.23 3000 290 13.5139 132.6 56.66 5125 0 .1 1950 7500 1637500 0.0621######. 1.721 8.22E-03 61.82 98.36 G3.65 0 84.3 172.2 
981 22.11 3000 21 90 0.2373 125.8 59.64 5125 0. 1 1950 7500 1512500 0. 1 •39 ###### 3.359 4 .67E-03 32.8 11.69 0 0 148.3 n8.7 
982 33.59 3000 1260 0.0443 81.39 92. 15 5125 0. 1 1050 7500 787500 0.094 7 ###### 3.343 1.26E-02 43.24 0 0 0 548 510 
983 24.21 3000 380 I 5.8943 137.3 54.64 5125 0 .1 1950 7500 0.1314 ###### 1.343 7.85E-03 50.7 96.12 81.18 0 BB.3 284.2 ... 44.62 3000 400 7.4594 131 .9 56.85 5125 0 .1 1950 7500 0.0713 ###### 1.853 948E-03 29.59 07.05 70.53 0 73.1 212.8 
985 55.52 3000 530 8.1848 12B.5 58.36 5 125 0 .1 1950 7500 0.0573 1###### 2.44 6 .10 E-03 38.48 97.38 73.83 0 11 3.7 225.2 ... 37.52 3000 490 ,.son 96.23 7794 5125 0 .1 1950 7500 0.0848 - 2.03 1.16 E-02 n .32 89.36 0 0 60 277.3 
987 25.89 3000 840 2.3241 135.3 55.44 5125 0 .1 1950 7500 0.1229 - 2.204 4 .74E-03 59.25 90.3 2.99 0 146.1 436.4 ... 24.82 3000 1020 0.0681 89.79 83.53 5125 0 .1 1950 7500 0.12B2 - 2.431 1.21E-02 36.51 0 0 0 57.2 502.1 
999 29.7 3000 470 2.5866 141 .9 52.86 5125 0 .1 1950 7500 0.107 1 - 1.674 1.04 E-02 27.79 90.86 8.58 0 ... 288.8 
990 31.5 3000 2330 0 .654819 0 .0232 106.3 70.57 5125 0.1 1950 7500 0.101 - 4.793 8 .62E-03 48.0B 0 0 0 80.4 n9.8 
991 26.4 3000 440 HM.367302 7.7384 119,4 62.79 5125 0.1 1950 7500 0.1205 - 1.487 8.78 E-03 30.54 97.43 74.28 0 102.3 288.6 
992 30.62 3000 430 -·-1 "T .. 5286 5125 0.1 1950 7:,oo 1812500 0.1039 - 1.578 2.v2E-03 22.34 99.15 91.51 15.13 237. 264 
993 •7.96 3000 290 120.1 62.42 5125 0.1 1950 7500 1412500 0.0663 - 1.543 7.18E-03 24 .09 99.24 92.42 24.17 96.6 164.8 
994 57.95 3000 420 141.9 52.86 5125 0.1 1950 7500 181 2500 0.0549 - 2.217 1.57E-02 30.3 90.28 2.78 0 44.1 196 
995 38.84 3000 720 135.9 55.17 5125 0.1 1950 7500 1700000 0.0819 - 2.525 1.79E-02 31 .25 0 0 0 38.8 333.1 ... 2B .. 3000 520 135.9 55.17 5125 0.1 1050 7500 1700000 0.111 7 - 1.741 8.75E-03 39.05 91.48 14.76 0 79.2 313.2 
997 40.07 3000 640 98.6 76.07 5125 0 .1 1950 7500 1050000 0.079-4 - 2.289 9.35E-03 28.92 92.43 2•.29 0 7•.1 2928 ... 23.79 3000 520 1 112.2 68.83 5125 0.1 1050 7500 1275000 0.1337 - 1.548 7.33E-03 30.6 95.39 53.87 0 948 333.5 
999 44.81 3000 1260 161.4 •6.•6 5125 0.1 1950 7500 2200000 0 .071 - 3.905 1.35E-02 39.29 0 0 0 51 .3 446.6 

1000 32.9 3000 320 364 .664 162 19.3253 159 •7,17 5125 0.1 1950 7500 2150000 0.0967 - 1.439 •.08E-03 90.2 98.63 86.29 0 169.9 224.1 



Simulation PMameters and Results: 10% lnven&ory Case 

_ .... 
Required 

Required Soun,, -Time of Maxim.Jm Maximum Retnaining Volume ator Fino! Soun,, Clean._,, Cteaoop 

Maxim.Jma t Concentration Release Rate 1-0 camon above Fixed ""'"' C~anup Percentage Peroantage Ablotic cart>on 
Axed Source Compliance Compliance at Compliance "°"'"" Sou,.,. Streamtube Bulk Tetradiloride Source Rate Longitudinal Pe.-centage (SOµg/L (SO0µg/L Reaction Tetrachloride 

Vetodty Concenlratlo Boonda,y Bounda,y Bounda,y Rato Duration Length Densty Concentration Poroslty Kd Retantatio C:00,tant Disperslvlty (5..,it. Compliance Compliance Halfllme Travetllme 

K m3 m3/m m'IK n """' 
0.5149 1462500 0.054 - 602 55.8 453.1 
0.0999 525000 0.1436 - 0 56.2 660 

0.1045 - 95.72 5721 66.7 332.4 

4 0.1384 - 98.91 89.12 138.6 379.8 
5 0.0703 - 4.023 89.39 0 87.8 455.6 

6 3000 0.1 0.0908 - 3.891 48.82 91 .42 14.17 114.2 569.2 
7 3000 0.1 0 .0538 - 3.363 33 98.07 80.67 81 .2 291 .5 

8 3000 0 .1 1950 0.0645 - 5.636 9.74E-03 44.46 62 .71 71 .2 565.6 
9 3000 0.1 1950 75000 0.1199 - 2.608 1.02E-02 82.53 82.81 0 68.1 503.7 

10 3000 0.1 1950 75000 0.1076 - 3.384 3.45E-03 39.84 9623 82.34 201 .2 566.6 
11 3000 0.1 1950 75000 0.1118 - 2.788 5.27E-03 29.73 97.19 71 .88 131.5 502.1 

12 21.41 3000 0.1 1950 75000 0.1486 - 1.399 42 .84 97.3 73.05 60.8 334.8 
13 62.5 3000 0.1 1950 75000 0.0509 - 7.691 49.38 0 0 50.8 630.6 
14 28.87 3000 0.1 1950 75000 0.1102 - 4.027 33.57 55.48 87.7 714.9 

15 41 3000 5125 0.1 1950 75000 0.0776 - 47 .28 71 .45 0 67 529.6 

16 37.83 3000 5125 0.1 1950 75000 0.0841 - 55.5 99.61 96.1 61 .03 2 16.6 269.5 
17 59.24 3000 5125 0.1 1950 75000 0.0537 - 41 .22 9928 92.82 28.21 109.5 233.3 
18 82.5 3000 5125 0.1 1950 75000 0.0606 - 39.63 97.5 75.03 0 82.2 255.5 
19 29.59 3000 51 25 0.1 1950 75000 0.1075 - 41.9 1 98 .86 88.55 0 70.6 199.7 
20 2 1.6 3000 401.57 5125 0.1 1950 75000 0.1473 - 42.14 82.53 0 0 542 •51 
21 31.69 3000 464 .57 5125 0.1 1950 75000 0.1004 - 3729 78.1 0 0 100.7 645.8 
22 ,..1 3000 715.92 5125 0.1 1950 75000 0.1219 - 27.73 71 .36 0 0 58.5 461 .8 
23 22.18 3000 479.2 5125 0.1 1950 75000 0.1434 - 42.19 94.34 43.4 0 73.1 388.6 
24 28.87 3000 820.57 51 25 0.1 1950 75000 0.1102 - 49.66 9625 62.45 0 140.7 578.4 
25 29 3000 609.91 51 25 0.1 1950 75000 0.1097 - 46.41 9721 72.09 0 185.8 822 ,. 22.76 3000 2970 5.2163 100.154 748.85 51 25 0.1 1950 75000 0.1398 - 45.07 96.8 .. 0 256.3 849.3 
27 43.28 3000 1700 2.1352 93.8425 799.21 5125 0.1 1950 75000 0.0735 - ,. ... 92.68 26.75 0 73.3 417.9 
28 21 .94 3000 650 95.219471 5.7627 182.19 411 .66 5125 0.1 1950 75000 0.145 - 34.57 94.75 47.49 0 61.9 317.9 

29 45.38 3000 730 838.048761 36.0909 129.196 580.51 5125 0.1 1950 75000 0.0701 - 1.794 58.83 99.4 94.03 40.34 107.3 202.6 
30 34.81 3000 920 39.51 4785 1.3998 106.273 705.73 5125 0.1 1950 75000 0.0914 - 2.034 85.44 87.35 0 0 41 .8 299.4 
31 25.11 3000 1420 134.416681 4.2047 93.8425 79921 5125 0.1 1950 75000 0.1267 - 2.433 67.25 9628 62.8 0 103.8 496.7 
32 21 .44 3000 1160 5.403244 024 133.266 562 .78 51 25 0.1 1950 75000 0.1484 - 2.126 42.06 7.48 0 0 50.7 508.2 
33 49.71 3000 760 458.418892 19.4274 127.137 589.91 5125 0.1 1950 75000 0.064 - 2.015 34 .79 98.91 89.09 0 74.7 207.7 
34 31.72 3000 501.33 5125 0.1 1950 75000 0.1003 - 2.374 35.37 9621 62.12 83.1 383.5 
35 32.58 3000 559.96 5125 0.1 1950 75000 0.0977 - 3.649 36.93 75.18 0 79.4 574.3 
36 46.92 3000 568.54 5125 0.1 1950 75000 0.0678 - 83.15 9425 42.46 156.6 824 
37 55.81 3000 643.34 5125 0 .1 1950 75000 0.057 - 26.14 99.42 9421 42.11 60.2 145.5 
38 29.79 3000 766.78 5125 0.1 1950 75000 0.1068 - 38.83 99.08 90.61 6 .13 125.3 319.7 
39 24.51 3000 668.33 5125 0.1 1950 75000 0.1298 - 67.64 15.35 0 0 49.9 531 .7 
40 23.9 3000 850.91 51 25 0.1 1950 75000 52.08 96~ 62.97 60.6 360.6 
41 31.91 3000 820.38 5125 0.1 1950 75000 83.34 9521 52.15 71.6 389.4 
42 25.8 3000 541 .14 5125 0.1 1950 75000 23.41 97.02 7025 127.6 517.9 
43 31.53 3000 651.<11 5125 0.1 1950 75000 31 .71 96.63 66.33 69.3 3 11 .2 .... 22.5 3000 603.06 5 125 0.1 1950 75000 87.64 92.06 20.57 58.1 357.5 
45 31.94 3000 606.48 5125 0.1 1950 75000 53.8 98.41 84.09 61 .6 206.5 .. 21 .97 3000 835.3 5125 0.1 1950 75000 53.24 96.46 64.8 11 3.3 526.3 
47 24.28 3000 668.33 5125 0.1 1950 75000 39.66 71 .69 0 60.9 468.5 .. 26.73 3000 651 .41 5125 0.1 1950 75000 37.04 92.15 21 .4 7 96 552.1 
49 42.25 3000 568.54 5125 0.1 1950 75000 33.38 94.88 48.77 122.6 524 .6 
50 40.89 3000 495.05 5125 0.1 1950 75000 54.87 96.52 6521 81 .9 361 .3 
51 33.99 3000 395.57 5125 0.1 1950 75000 74.18 87.68 0 101 .3 570.6 
52 47.2 3000 571.48 5125 0.1 1950 75000 49.18 96.08 80.59 90.3 323.5 
53 55.14 3000 631 .7 5125 0.1 1950 75000 73.54 96.04 60.41 39.7 199 
54 22.22 3000 589.91 5125 0.1 1950 75000 28.5 96.44 64.37 91 .1 414.5 
55 25.72 3000 705.73 5125 0.1 1950 75000 38.94 92.42 24.23 82.2 477.7 
56 48.57 3000 492.99 5125 0.1 1950 75000 35.94 78.2 1 0 62.5 440.5 
57 45.58 3000 4252 5125 0.1 1950 75000 81.1 992 91 .99 19.93 127.5 272.5 
58 30.04 3000 806.12 5125 0.1 1950 75000 62 .83 90.53 5.34 0 118.1 690.1 
59 23.24 3000 497 .12 5125 0.1 1950 75000 68.12 96.36 63.59 0 104.8 472.8 



Slmo.Jalion P•ameters .-ld Results: 10% Inventory case 

Re<µred R~red 

Ant I ,I:~·= = .;::: 1-0 carbon aboYe Fixed Order Cle~ Peroeniage Pen»niage Abiotic: c.tion 
Source Streamtube Base Bulk TetracHoride Som:e Rate Longitudinal Percemage (50 µgll (500 µg/l Reaction Tetrachloride 
Duration I Long1h I "°""'fy I Densfy I Sou-co IConoon,.tionlPom•fyl Kd l •. ....,tio I Conslanl o;,pe,.Mty (5"""- Compl~noe CompliancelHalfTi.....l Tra,olTlme 

fm) l l 
5522 
~ 

0 0 
90.92 9.15 

0 0 
5125 0.1 1950 75000 1250000 0.129 ###### 2.562 6.•2E-03 52.21 95.38 53.58 O 
5125 0.1 1950 75000 2225000 0.0689 1##### U05 1.82E-02 n .97 98.15 81 .•8 O 
5125 0.1 1950 75000 1087500 o.0639 ###### 3.368 7.65E-03 21 .89 91.n 11.11 o 
5125 0.1 1950 75000 3187500 0.1208 ###### 3.918 8.11E-03 50.27 2.91 O O 85.5 
5125 0.1 1950 75000 1725000 0.0776 ###### 2.075 U2E-02 6-U7 95.1 50.99 0 48.9 
5125 0.1 1950 75000 1637500 0.056 ###### 7.404 1.71E-02 82.08 0 0 0 40.8 
5125 0.1 1950 75000 1650000 0.1257 ###### 2.961 1.68E-02 -45.79 0 0 0 •1.2 599.6 
5125 0.1 1950 75000 1187500 0.1169 #####I 3.975 8.47E-03 44.95 36.62 O O 81 .8 
5125 0.1 1950 75000 862500 0.1085 ###### 2.682 9.99E-03 22.54 85.61 0 0 69.• 

74 46.04 3000 760 393.621665 19.2098 146.408 512.27 5125 0.1 1950 75000 1900000 0.0691 ######- 2.054 9.13E-03 34.26 98.73 87.3 0 75.9 
75 33.•9 3000 650 450.832377 13.3696 88.9661 843.02 5125 0.1 1950 75000 900000 0.095 ###### 1.282 9.81E-03 32.53 98.89 88.91 O 70.6 
76 23.85 3000 1520 79.224067 3.6775 139.257 538.57 5125 0.1 1950 75000 1762500 0.1334 ###### 2.64-4 6.26E-03 •6 .73 93.69 36.69 0 110.8 
n 43.94 3000 950 279.418791 13.5765 145.765 514.53 5125 0.1 1950 15000 1887500 o.on• ####Ml 2.•93 8.38E-03 32.24 96.21 82.11 o 82.7 
16 22.2e 3000 1200 235.740438 8.1na 103.999 n1.1e 5125 0.1 1950 15000 1131500 0.1428 ###### 1.899 e .ooe-03 33.34 97.88 78.79 o 115.5 
79 25.57 3000 1950 0.53829 0.0164 91.4206 820.38 5125 0.1 1950 75000 937500 0.1244 #fl#### 3.031 1.56E-02 20.24 0 0 0 44.8 
80 21.39 3000 1850 74.090958 2.6248 106.273 705.73 5125 0.1 1950 75000 1175000 0.1487 ###### 3.048 5.09€-03 93.2G 93.25 32.52 0 136.1 
81 54.2 3000 1450 91 .506915 3.7508 122.968 609.91 5125 0.1 1950 75000 1462500 0.0587 ###### 4.014 9.35E-03 52.38 94.54 45.36 0 74.2 
82 43.28 3000 640 1087.902042 -40.-4283 111.485 6n.13 5125 0.1 1950 75000 1262500 0.0135 ###ti## 1.843 •.71E-03 38.87 99.54 95.4 64.04 147.1 
83 23.12 3000 1520 81 .705425 4.8039 176.387 •25.2 5125 0.1 1950 75000 2512500 0.1376 1##### 2.521 6.18E-03 19.94 93.88 38.8 0 112.1 
84 22.33 3000 1120 22.194809 1.0205 137.937 543.73 5125 0.1 1950 75000 1737500 0.1425 ti##### 2.01 1.12E-02 31 .85 77.•7 O O 61 .8 
85 32.11 3000 850 84.370441 3.9349 139.91• 536.04 5125 0.1 1950 75000 1nsooo o.0989 ###### 1.902 1.22e-02 29.19 94.07 40.74 o 56.e 303.1 
86 21.77 3000 1150 70.557686 3.4283 145.765 514.SJ 5125 0.1 1950 75000 1887500 0.1461 ###### 2.094 7.88E-03 •7.6 92.91 29.14 O 87.9 •92.9 
87 34.88 3000 640 10.•53623 0.5941 170.487 •39.92 5125 0.1 1950 75000 2387500 0.0912 ###### 2.801 1.83E·02 99.18 52.17 0 O 37.8 382.2 
88 21 .n 3000 1710 0.572248 0.0226 118.726 631 .7 5125 0.1 1950 75000 1387500 0.1465 #####II 2.719 1.47E-02 26.72 0 0 O •7.2 641 .7 
89 35.11 3000 1450 33.843122 1.7586 155.889 481.11 5125 0.1 1950 75000 2087500 0.0906 ######- 3.332 9.30E-03 50.87 85.23 O O 74.5 4&8.3 
90 27.31 3000 1170 242.673242 8.8594 84.7981 88-4.45 5125 0.1 1950 75000 837500 0.1165 ###### 1.892 7.44E-03 54.23 97.94 79.• 0 93.2 356.1 
91 41 .97 3000 1370 11 .647844 0.5356 137.937 543 .73 5125 0.1 1950 75000 1737500 0.0758 ###### 3.381 1.45E-02 33.87 57.07 0 0 47.9 41 2.8 
92 33.28 3000 1500 80.848962 2.6991 100.154 748.85 5125 0.1 1950 75000 1075000 0.0956 ###### 2.961 8.41E-03 47 .7 93.82 38.16 - - -
93 58.37 3000 940 261 .738537 10.4207 119.-44 627.93 5125 0.1 1950 75000 1400000 0.0545 ###### 2.64-4 1.09E-02 31.-4 98.09 80.9 
94 22.02 3000 1150 165.452318 6.3498 115.135 651 .•1 5125 0.1 1950 75000 1325000 0.1445 ###### 1.975 6.62E-03 59.75 96.98 69.78 
95 31 .31 3000 990 83.408567 1.9151 90.6081 827.76 5125 0.1 1950 75000 925000 0.1016 ###### 1.721 1.48E-02 82.93 92.11 21.15 
96 42.82 3000 640 355.247009 14.7289 124.366 603.08 5125 0.1 1950 75000 1487500 0.0743 ###### 1.249 1.48E.Q2 75.1!11 98.59 85.93 
97 47.98 3000 2510 13.224903 0.71« 162.051 462.82 5125 0.1 1950 75000 2212500 0.0663 ###### 5.307 8.74E-03 26.21 62.19 O 
98 38.89 3000 1no 74.89358 2.3427 93.8425 199.21 5125 0.1 1950 75000 975000 0.0818 ###### 3.908 7.64E-03 11.09 93.32 33.2~ 
99 62.75 3000 1820 48.944494 1.8987 103.M nus 5125 0.1 1950 75000 1131500 o.0507 ###### 5.028 1.ose-02 44.5 89.78 

100 83.25 3000 2250 21.279683 0.8422 118.728 631 .7 5125 0.1 1950 75000 1387500 0.0503 ###### 5.874 1.04E-02 35.04 78.5 
101 2•.18 3000 2080 93.-484923 3.2645 104.78 715.92 5125 0.1 1950 75000 1150000 0.1317 11##### 3.344 4.60E-03 70.34 94 .65 46-52 
102 25.95 3000 730 483.054831 22 .4229 139.257 538.57 5125 0.1 1950 75000 1762500 0.1226 ###### 1.•22 6.65E-03 45.37 96.96 89.65 
103 43.4 3000 11eo 21.80239 1.2036 129.879 577.46 5125 0.1 1950 15000 1581500 0.0133 ###### 4.•89 9.26E-03 84.56 e2.02 o ol 14.sf 
104 31 .34 3000 2640 24.665207 1.0846 131.916 568.54 5125 0.1 1950 75000 1625000 0.1015 ###### 4.461 5.99E-03 •1.38 79.73 0 0 115.7 
105 23.8 3000 810 94.717951 4.8627 154.016 486.96 5125 0.1 1950 75000 2050000 0.1348 ###### 1.585 1.03E-02 19.01 94.72 4721 O 87.7 
106 55.04 3000 930 179.734454 7.0704 118.014 635.52 5125 0.1 1950 75000 1375000 0.0578 ti##### 2.523 1.25E-02 29.87 97.22 72.18 0 55.6 
107 29.62 3000 930 11 .592288 0.7239 187.335 .l,OQ.35 5125 0.1 1950 75000 2750000 0.107• ###### 2.421 U9E-02 89.95 56.87 0 
108 26.42 3000 1340 90.288962 5.5006 162.765 410.38 5125 0.1 1950 75000 2650000 0.1204 ###### 2.522 8.93E-03 22.75 94.46 44.62 
109 21 .8 3000 1280 6.495255 0.2858 131 .916 568.54 5125 0.1 1950 75000 1625000 0.1459 #####II 2.339 1.25E-02 51.43 23.02 0 

~~~ ~:~; =: ~= ,~:~ - l~~:;:~~: . sa97~; ;~~; ~i----te-r:--;=~ ¾: -{:~~!:::: !:!: ~::::~~ ;~:~! 53.~ g 
112 28 3000 950 351 .551259 12.8912 110.009 681.77 5125 0.1 1950 75000 1237500 0.1136 ###### 1.749 6.91E-03 43,41 98.58 85.78 
113 30.74 3000 1410 9.477787 0.4189 132.592 565.65 5125 0.1 1950 75000 1637500 0.1035 ###### 3.026 1.26E-02 47 .36 •7.25 o O 55 504.5 
11• 35.47 3000 1160 507.621585 25.5282 150.869 497.12 5125 0.1 1950 75000 1987500 0.0897 ###### 2.642 4.24E-03 47.3 99.02 90.15 1.5 183.4 381 .8 
115 -45.97 3000 1010 74.35678-4 2.7266 110.009 681.77 5125 0.1 1950 75000 1237500 0.0692 ###### 2.352 1.44E-02 14 .12 93.28 32.76 0 48 262.2 
116 47.77 3000 1700 163.638331 7.1955 131.916 568.54 5125 0.1 1950 75000 1625000 0.0666 ###### 4.13 5.71E-03 50.5 96.94 69.44 O 121.4 443.1 
117 31 .16 3000 1200 582.337019 18.3713 94.8-429 792.-45 5125 0.1 1950 75000 987500 0.1021 ###### 2.16 4.73E-03 38.77 99.1-4 91 .41 14.14 146.5 355.2 
118 26_8 3000 760 87.835622 •.8689 166.296 •51 5125 0.1 1950 75000 2300000 0.1187 ###### 1.645 1.15E-02 21.28 94.31 •3.08 0 60.3 31-4.6 



Simutation Parameters and R8SUlts: 10% Inventory Case 

- -
R&qUirad Required 

I ,1 1 1 1 R-~~r~-··~.1 .1 :J I '"' 1 ,1:~ Soun>, Sou"" 
Tm&of I Maxim.Jm I Maximum I Cleanup Cleanup 

1-0 Carix>n above Fixed Order Cleanup Percentage Percentage Abiotlc Carbon 
Source Streamtube Base Bulk Tetrachloride Source Rate Longitudlnal Pen:entage (50µg/1.. (500 µgfl Reaction Tetrachloride 

Duration Length Poroslly Densty Source Concentration Porosity Kd Relardalio Constant Dispersivtty (5 µg/l. Compliance Compliance HalfTime Travel Tlma 
(vi 1ml lm3Jm3l tKa/m3l fKal fmJl (m3Jm3l I (m3/K n (1M {ml · e l l M M 

66.34 0 157.4 604.3 
72.55 0 102.2 411 .6 

121 43.58 3000 1570 25.102214 0.908 108.522 691 .1 5125 0.1 1950 75000 1212500 0.073 - 3.711 1.19E-02 4227 80.08 0 0 58.1 436.4 
122 22.89 3000 1000 86.019785 3.5058 122.267 613.41 5125 0.1 1950 75000 1450000 0.139 - 1.854 9.25E-03 6823 94 .19 41 .87 0 75 41 5.2 
123 49.86 3000 1230 111 .462296 5.5819 150.236 49921 5125 0.1 1950 75000 1975000 0.0638 - 3.239 9.97E-03 23 .78 95.51 55.14 0 69.5 332.9 
124 26.78 3000 1920 8335562 0.3814 137274 546.35 5125 0.1 1950 75000 1725000 0.1188 - 3.432 9.32E-03 41 .73 40.02 0 0 74.4 656.8 
125 60.37 3000 1480 96.640019 3.5676 110.748 6TT.21 5125 0.1 1950 75000 1250000 0.0527 - 4.484 9.58E--03 73 .56 94.83 4826 0 n.3 380.7 
126 23.88 3000 1020 122.606895 3.3263 81 .3886 921.51 5125 0.1 1950 75000 787500 0.1332 - 1.295 1.2 1E--02 58.57 95.92 5922 0 57.5 2n.9 

127 53.74 3000 1040 51.151637 1.7991 105.518 710.78 5125 0.1 1950 75000 1162500 0.0592 - 3.104 1.65E-02 86.02 9023 225 0 42 296.1 
128 62.62 3000 1140 769.25838 29.1503 113.682 659.73 5125 0.1 1950 75000 1300000 0.0508 - 3.162 5.30E--03 28.81 99.35 93.5 35 130.7 258.8 
129 28.64 3000 1000 379.551173 10.7264 84.7981 884 .45 5125 0.1 1950 75000 637500 0.1103 - 1.465 8.23E--03 61 .96 98.68 86.83 0 84.2 260.4 
130 23.76 3000 690 78.099195 3.5043 134.609 557.17 5125 0.1 1950 75000 1675000 0.1339 - 1258 1.39E--02 41 .03 93.6 35.98 0 49.7 271 .3 
131 25.51 3000 760 43.698205 2.5725 175.802 426.62 5125 0.1 1950 75000 2500000 0.1247 - 1.698 1.3 1E--02 41 .95 88.61 0 0 53 341 
132 47.27 3000 1940 2.555846 0.1054 123.668 806.46 5125 0.1 1950 75000 1475000 0.0673 - 4.812 1.55E--02 37 .09 0 0 0 44.9 521.7 
133 36.36 3000 1580 48.054178 2.467 154.016 466.96 5125 0.1 1950 75000 2050000 0.0829 - 3.842 7.86E-03 7023 89.6 0 0 68.2 513 
134 23.94 3000 2720 3.83672 0.2173 169.892 441 .46 5125 0.1 1950 75000 2375000 0.1329 - 4.025 7.43E-03 352-4 0 0 0 93.3 861 .7 
135 34.5 3000 1040 873.158198 37.8016 129.879 577.46 5125 0.1 1950 75000 1587500 0.0922 - 2.352 3.30E--03 74 .31 99.43 9427 42.74 209.8 349.4 
136 27.14 3000 1220 79.241231 2.5209 95.4399 765.84 5125 0.1 1950 75000 1000000 0.1172 - 2.053 9.68E--03 22.44 93.69 36.9 0 71.6 387.7 
137 61 .3 3000 1220 640.447461 27.2865 127.826 586.74 5125 0.1 1950 75000 1550000 0.051 9 - 3.476 4.97E--03 37 .88 9922 92.19 21.93 139.5 290.6 
136 45.51 3000 1000 238.196175 9.199 115.858 647.34 5125 0.1 1950 75000 1337500 0.0699 - 2.682 9.09E-03 84.52 97.9 79.01 0 76.3 302 
139 23.n 3000 1210 160.130072 8.3871 157.131 4n .31 5125 0.1 1950 75000 2112500 0.1341 - 2.213 6.09E-03 31 .74 96.68 68.78 0 113.9 476 
140 22.28 3000 1030 206.652919 9.9521 144.475 519.12 5125 0.1 1950 75000 1862500 0.1428 - 1.869 6.37E-03 3322 97.58 75.8 0 108.8 430 

1•1 25.64 3000 1000 344.906238 14.6959 127.826 586.74 5125 0.1 1950 75000 1550000 0.1241 - 1.878 5.92E-03 39.15 98.55 65.5 0 117.1 375.5 
142 29.93 3000 1480 65.893323 3.5325 160.828 466.34 5125 0.1 1950 75000 2187500 0.1063 - 3.091 6.85E--03 61.91 92.-41 2-4.12 0 101.2 529.2 
143 22.06 3000 1630 133.041147 5.4222 122.267 613.41 5125 0.1 1950 75000 1450000 0.1442 - 2.846 -4 .8-4E--03 58.49 9624 62.42 0 143.3 6 14.6 
144 42.19 3000 2030 0.396569 0.0193 145.765 514 .53 5125 0.1 1950 75000 1887500 0.0754 - 4.n1 1.78E-02 31 .3 0 0 0 39 579.5 
145 44.31 3000 2170 1.54559 0.0516 100.154 748.65 5125 0.1 1950 75000 1075000 0.0718 - 5.047 1.56E-02 39.43 0 0 0 44.4 583.6 
146 39.82 3000 1450 16.309995 0.5232 96.2335 779.35 5125 0.1 1950 75000 1012500 0.0799 - 3.571 1.38E-02 71 .64 69.34 0 0 50.3 459.6 
147 33.45 3000 1430 4.894969 0.2674 163.877 457.66 5125 0.1 1950 75000 2250000 0.0951 - 3.043 1.44E--02 22 .51 0 0 0 48.2 466.2 
148 43.52 3000 1040 173.56919 6.3588 144.475 519.12 5125 0.1 1950 75000 1662500 0.0731 - 2.808 8.86E-03 58.11 97.12 71 .19 0 78.3 330.7 
149 21 .89 3000 1680 242.319498 7.TT31 96.2335 ng.35 5125 0.1 1950 75000 1012500 0.1-453 - 2.625 3.97E-03 79,41 97.94 79.37 0 174.8 614.5 
150 36.78 3000 780 159.502043 6.1599 115.858 847.34 5125 0.1 1950 75000 1337500 0.0865 - 1.607 1.41E-02 80.46 96.87 68.65 0 -49.3 224 
151 39.57 3000 1010 22.699888 0.8712 115.135 651 .41 5125 0.1 1950 75000 1325000 0.0804 - 2.568 1.69E-02 67 .82 77.97 0 0 ., 335.2 
152 25.-47 3000 2140 5.591471 0.2484 133.266 562 .78 5125 0.1 1950 75000 1550000 0.1249 - 3.518 9.18E-03 35.62 10.58 0 0 75.5 707.8 
153 24.47 3000 680 156.700185 5.0266 96.2335 779.35 5125 0.1 1950 75000 1012500 0.13 - 1.269 1.16E--02 61 .52 96.81 68.09 0 59.7 265.7 
154 55.-42 3000 2160 52.82223 1.7222 97.8112 766.78 5125 0.1 1950 75000 1037500 0.0574 - 4.996 8.70E--03 30.68 90.53 5.34 0 79.6 462 
155 56.91 3000 1010 1451.199984 55.3438 114.41 655.54 5125 0.1 1950 75000 1312500 0.0559 - 2.696 3.00E-03 37.69 99.66 96.55 65.55 231 .1 242.8 
156 21 .57 3000 1740 7.50512 0.2621 10-4.76 715.92 5125 0.1 1950 75000 1150000 0.1475 - 3.01 9.85E--03 73.1 33.36 0 0 70.4 715.3 
157 28.05 3000 1720 58.393054 2.3248 119.44 627 .93 5125 0.1 1950 75000 1400000 0.1134 - 3.053 7.07E--03 36.66 91 .44 14.37 0 98.1 557.7 
158 33.68 3000 700 250.74735 13.0295 155.889 481 .11 5125 0.1 1950 75000 2067500 0.0939 - 1.655 1.01E--02 27.32 98.01 80.06 0 68.4 250.4 
159 25.09 3000 750 55.872309 2.7387 147.05 510.03 5125 0.1 1950 75000 1912500 0.1268 - 1.534 1.33E--02 41 .12 91 .05 10.51 0 52 313.3 
180 25.23 3000 1330 6.63162 0.3035 133.266 562.78 5125 0.1 1950 75000 1650000 0.1261 - 2.656 1.27E--02 54.92 26.81 0 0 54.5 539.5 
161 39.92 3000 1250 16.645227 0.9393 169.295 443.01 5125 0.1 1950 75000 2362500 0.0797 - 3.154 1.34E-02 33.49 69.98 0 0 51.9 405 
162 34.1 3000 970 591 .966297 16.1993 92.231 4 813.17 5125 0.1 1950 75000 950000 0.0933 - 1.669 6.56E-03 27.45 99.16 91 .55 15.54 105.6 250.9 
163 38.15 3000 1340 546.952568 17.4004 95.4399 785.64 5125 0.1 1950 75000 1000000 0.0834 - 2.902 4 .27E-03 91 .33 99.09 90.86 8.58 162.2 389.9 
164 22.66 3000 2470 0.025537 0.0012 139.257 538.57 5125 0.1 1950 75000 1762500 0.1404 - 3.805 1.57E--02 26.66 0 0 0 44.2 680.5 
165 28.13 3000 1590 28.972971 1.2011 124.366 803.06 5125 o_1 1950 75000 1487500 0.1131 - 2.913 9.0SE-03 34.43 82.74 0 0 76.6 530.7 
166 26.01 3000 630 197.809533 8.8314 133.938 559.96 5125 0.1 1950 75000 1662500 0.1223 - 1.117 129E--02 78.7 97.47 74.72 0 53.6 220 
167 24.66 3000 780 55.75641 5 2.3114 124.366 803.06 5125 0.1 1950 75000 1487500 0.129 - 1.367 1.46E-02 38.69 91 .03 10.32 0 47.5 264.2 
166 50.9' 3000 1270 430.225658 12.4016 86.4774 867.28 5125 0.1 1950 75000 662500 0.0624 - 2.823 7.09E-03 34 .15 98.84 88.38 0 97.8 263.7 
169 24.49 3000 1390 75.4926 2.421 6 96.2335 779.35 5125 0.1 1950 75000 1012500 0.1299 - 2.36 8.02E-03 6 1.69 93.36 33.77 0 .... 496 
170 31 .65 3000 2180 71 .315803 2.3809 100.154 748.85 5125 0.1 1950 75000 1075000 0.0999 - 3.91 7 5.74E-03 55.14 92.99 29.89 0 120.8 630.3 
171 6025 3000 2200 47.336173 2.3505 148.966 503.47 5125 0.1 1950 75000 1950000 0.0528 - 5.552 7.64E-03 34 .18 89.44 0 0 90.7 472.3 
172 24.7-4 3000 830 14.694078 0.6691 136.6 1 549.01 5125 0.1 1950 75000 1712500 0.1286 - 1.604 1.67E-02 26.04 65.97 0 0 41 .5 332.4 
173 23.51 3000 1380 224.6222 11 .3907 152.132 492.99 5125 0.1 1950 75000 2012500 0.1353 - 2.409 4.62E--03 36.08 97.n 77.74 0 150 525 
174 21.64 3000 1680 84.285596 2.1139 75.2423 996.78 5125 0.1 1950 75000 700000 0.147 - 2.228 7.0 1E-03 23.14 94.07 40.68 0 98.9 527.6 
175 42.25 3000 1950 27.222051 0.7541 83.1021 902.5 5125 0.1 1950 75000 81 2500 0.0753 - 4.06 1.05E-02 41 2 8 81 .63 0 0 65.9 492.5 
176 25.43 3000 1690 24.816162 0.9643 116.579 643.34 5125 0.1 1950 75000 1350000 0.1251 - 2.832 8.72E-03 31 .18 79.85 0 0 79.5 570.7 
177 24.06 3000 970 214.014285 10.4445 146.408 51227 5125 0.1 1950 75000 1900000 0.1322 - 1.986 6.44E-03 68.33 97 .66 76.64 0 107.6 422.9 



Simulation Parameters and Results: 10% lnvento,y Case 

Required Required 
Required S<XKce Sou"'8 

r~"' Maxnun Remaining VolLmeator ""' Sooree Cleanup "'"'"""' 1-0 carnon above Axed Onie, Cleanup PllfC&Otage Percentage - carnon 
Fixed Sourt:e Compliance Sooree Slreamtube 8"k Sooree Rate longitudinal Pe,centage (50µgll (500 µgll Reaclion Telfachloride 

Vetodty Concentratlo Bounda,y Duration Length Densty Coooentralion Porosity Constant Oisperslvity (5µgn.. Compliance Compliance HaJrTime Travel Tima 
1 

3.312 1 
1.981 1 02 43 .98 45.2 439.2 

38.1 2.074 1 02 49.24 97.16 71.59 64.6 279 
181 59.58 6.026 03 74 .15 91 .72 17.15 0 92.6 518.4 
182 22.79 0.1 1950 75000 1.927 03 6521 99 .11 9 1.07 10.72 173.2 433.4 
183 53.11 5125 0.1 1950 75000 41 .02 92.01 20.07 0 n.3 425.5 
184 27.4 5125 0.1 1950 75000 53.97 82.16 0 0 86 591.7 
185 27.78 5125 0.1 1950 75000 57.84 79.74 76.9 603.4 
186 27.57 5125 0.1 1950 75000 39.34 90.19 1.94 64.7 40 1.2 
187 36.07 5125 0.1 1950 75000 46.89 97.91 79.09 82.6 309.8 
186 30.62 5125 0.1 1950 75000 192 0 56.8 834.3 
189 44.49 2.3726 156.51 479.2 5125 0.1 1950 75000 39.81 89.01 0 52.1 333.3 
1!10 40.47 31 .8186 99.3762 754.71 5125 0.1 1950 75000 36.19 99.48 94.79 47.95 154.6 258.2 
191 21 .78 3000 2.3534 196.865 380.97 5125 0.1 1950 75000 46.83 86.06 0 0 99.3 600 
192 34.58 3000 0.1512 107.025 700.77 5125 0.1 1950 75000 25.42 0 0 73 710.5 
193 35.39 3000 10.8265 152.132 492.99 5125 0.1 1950 75000 4 2.8 97.66 76.58 56.4 222.2 
194 21 .63 3000 0.6706 154.641 484.99 5125 0.1 1950 75000 65.09 61 .57 0 48.6 425.6 
195 23.44 3000 12 .9827 118.0 14 635.52 5125 0.1 1950 75000 50.11 98.48 84.85 84.6 276.7 
196 29.19 3000 1.6984 145.121 516.81 5125 0.1 1950 75000 25.94 85.76 0 ., 3 13.4 
197 28.23 3000 571.48 5125 0.1 1950 75000 18.66 65.86 0 57.1 456.8 
198 55.81 3000 737.46 5125 0.1 1950 75000 29.39 0 0 42 .7 463.9 
199 33.81 3000 447.76 5125 0.1 1950 75000 40.07 93.06 30.64 66.8 37 1.2 
200 48.94 3000 541.14 5125 0.1 1950 75000 57.92 98.14 81.42 0 67.5 248.3 
201 26.96 3000 490.96 5125 0.1 1950 75000 52.69 98.37 83.73 0 92.7 316.1 
202 44.37 3000 2490 2.55516 568.54 5125 0.1 1950 75000 31.54 0 0 0 56.7 618.1 
203 24.05 3000 1590 63.892205 54635 5125 0.1 1950 75000 27.58 92.17 21 .74 0 101 .8 561 .1 
204 39.08 3000 1380 44.806489 643.34 5125 0.1 1950 75000 66.97 88.64 0 0 66.5 445.3 
205 56.31 3000 620 779.949386 599.7 5125 0.1 1950 75000 37.96 99.36 93.59 35.89 103.6 205.8 
206 49.55 3000 1300 574 .45 5125 0.1 1950 75000 19.51 98.9 89.04 0 122.3 329.3 
207 24.14 3000 1200 546.35 5125 0.1 1950 75000 46.99 0 0 0 4 7.8 502.1 
208 32.01 3000 1300 643.34 5125 0.1 1950 75000 56.TT 54.57 0 0 50 464 
209 27.12 3000 790 613.Al 5125 0.1 1950 75000 47.97 96.85 88.54 0 97.3 277.8 
210 52.24 3000 670 827 .76 5125 0.1 1950 75000 12.18 99.43 94.27 42.71 99 177.3 
211 58.05 3000 1570 737."8 5125 0.1 1950 75000 47.9 99.16 91 .56 15.6 170.6 350.8 
212 36.48 3000 940 574 .45 5125 0.1 1950 75000 6828 97.62 76.18 0 792 322.5 
213 29.03 3000 1680 546.35 5125 0.1 1950 75000 48.67 8434 0 0 86.8 572.2 
214 26.53 3000 1080 503.47 5125 0.1 1950 75000 83.29 23.75 0 0 46.3 470.8 
215 39.18 3000 1590 664 5125 0.1 1950 75000 15.83 94 .98 49.8 0 83.6 41 7.9 
216 27.5 3000 810 565.65 5125 0.1 1950 75000 39.98 97.98 79.84 81 300.5 
217 41 .86 3000 600 415.81 5125 0.1 1950 75000 25 .89 ..... 89.92 78.7 207.4 
218 23.97 3000 830 580.51 5125 0.1 1950 75000 31 .91 97.24 72.42 77.5 322.2 
219 32.73 3000 1750 677.2 1 5125 0.1 1950 75000 56.08 0 51 .8 594.8 
220 24.1 3000 1150 731 .92 5125 0.1 1950 75000 90.82 41 .16 0 46.6 464.8 
221 27.54 3000 2040 655. 5125 0.1 1950 75000 TT28 33 0 74 .A 7594 
222 50.58 3000 1540 463.04 5125 0.1 1950 75000 n24 93.88 38.77 93.9 447.1 
223 22.26 3000 1640 655.54 5125 0.1 1950 75000 33.03 79.77 0 82.1 593.5 
224 A2.42 3000 860 731 .92 5125 0.1 1950 75000 1.851 11.89 98.82 86.18 72.6 223.6 
225 3024 3000 1560 523.82 5125 0.1 1950 75000 3 .312 46.73 11 .04 56.1 5612 
226 26.16 3000 2520 492.99 5125 0.1 1950 75000 3.969 36.01 37.63 94.8 777.4 
227 27.24 3000 1150 659.73 5125 0.1 1950 75000 2.133 29.89 86.32 59.9 401 .3 
228 21 .97 3000 1210 497.12 5125 0.1 1950 75000 0.1448 - 2.198 1.40E-02 30.72 0 49.4 512.6 
229 37.43 3000 1230 557.17 5125 0. 1 1950 75000 D.085 - 299 8.49E-03 ...... 95.15 5 1.48 

230 "3.11 3000 1210 477.31 5125 0.1 1950 75000 0 .0738 - 3.08 7.93E-03 38.12 96.71 67.11 
231 5621 3000 2940 549.01 5125 0.1 1950 75000 0.0566 - 6.73 8 .'8E-03 3622 58.73 0 
232 24.57 3000 980 835.3 5125 0.1 1950 75000 0.1295 - 1.446 9.43E-03 70.8 97.52 752 
233 46.99 3000 1330 643 .34 5125 0.1 1950 75000 o.oan - 3.116 3.41E-03 34 .97 99.42 9423 42.32 
234 24.28 3000 880 705.73 5125 0.1 1950 75000 0.131 - 1.414 1.00E-02 32 .42 96.94 69.4 0 
235 28.43 3000 2480 603.06 5125 0.1 1950 75000 4.286 6 .72E-03 53.87 68.5 0 0 103.1 772.5 
236 37.69 3000 1010 760,69 51 25 0.1 1950 75000 2.307 1.42E-02 89.31 92.11 21 .07 0 48.9 313.7 



Simulation Paramele~ and Results.: 10% lnvenlol'y case 

Required Required 
Required Sous,, Sou= 

Tm&of Maxim.Jm Maxim..m Remaining Volume at or First Sou= "'"""'" Cleanup 
Maxim.Jmat Concenlratioo Release Rate 1-D Cart>oo above Flxed ""'" Cleanup Percentage Peroentage Abk>lk, camon 

Fixed Source Compliance Compliance al Compliance "°"'"' Soun,e Streamlube Bulk Tetractdoride Rale Longitudinal Percentage (5011g/L (500µg/L Reaclion Tetrachloride 
Volodty Concenlralio Boundacy Boundacy Boundacy Rato Length Deosty Sou= Kd Retardalio eon.tan, DispersMty (5""11- Compliance Compliance HalfTime TravelTime 

·ance 
8.3 

76.42 
15000 0 0 733.3 
75000 97.61 76.11 452.7 

241 5125 75000 0 580.8 
242 5125 0.1 75000 75.61 9021 2 .75 0 69.2 483.1 
243 5125 0.1 75000 52 .74 41 .59 0 0 58 562.6 
244 5125 0.1 75000 23.5 95.16 51.59 0 58.8 295.7 
245 5125 0.1 75000 87.95 99.53 95.28 52.81 179 261 .8 
246 5125 0.1 75000 88.07 93.82 3824 0 110.5 526.7 
247 5125 0.1 75000 0.1343 - 65.51 83.7 0 82.3 532.7 
246 5125 0.1 75000 0.0597 - 75.68 96.68 66.76 " 276.6 
249 5125 0.1 75000 0.0525 - 72.69 98.38 83.76 101 .7 325.3 
250 5125 0.1 75000 0.0991 - 69.53 34.77 0 39.9 414.6 
251 5125 0.1 1950 75000 1787500 0.1056 - 37 .16 99.54 95.44 54.43 205.4 301.6 
252 5125 0.1 1950 75000 2250000 0.1082 - 42 .62 0 0 65.8 888.3 
253 5125 0.1 1950 75000 800000 0.0694 - 53.99 87.08 0 54.8 393 
254 23.34 3000 5125 0.1 1950 75000 1137500 0 ,1363 - 67.04 9621 62.72 71.8 342.4 
255 51.9 3000 5125 0.1 1950 75000 65.89 98.89 88.88 126.1 331 ,7 
256 51 .06 3000 5125 0.1 1950 75000 83.56 99.46 94.63 46.26 100.6 174.2 
257 36.69 3000 5125 0.1 1950 75000 55.95 99.54 95.36 53.65 136.4 204.6 
258 24.12 3000 5125 0.1 1950 75000 20.96 94 .64 46.37 0 60.2 307.5 
259 54.76 3000 5125 0.1 1950 75000 50.34 36.55 0 42.3 4272 
260 31 .04 3000 5125 0.1 1950 75000 49.61 30.08 0 39.5 381 
261 42.76 3000 5125 0.1 1950 75000 53 8826 0 37.1 248.2 
262 28.05 3000 5125 0.1 1950 75000 34 .91 96.08 60.57 51 .7 242.9 
263 22.95 3000 5125 0.1 1950 75000 47.16 97.03 70.3 1 87.3 378.5 
264 46.99 3000 5125 0.1 1950 75000 23.95 27.67 0 75 634.5 
265 37.04 3000 5125 0.1 1950 75000 66.88 98.78 87.79 91.6 274.7 
266 22.08 3000 5125 0.1 1950 75000 47.86 0 0 65.6 748.7 
267 23.15 3000 5125 0.1 1950 75000 27.37 90.7 6.96 60.7 364.5 
268 45.32 3000 5125 0.1 1950 75000 36.59 63.58 0 83.3 549.3 
269 29.9 3000 5125 0.1 1950 75000 74.71 84 .74 0 97.6 620.4 
270 55.33 3000 5125 0.1 1950 75000 26.45 0 0 67.4 745 .7 
271 23.55 3000 5125 0.1 1950 75000 56.85 90.93 9.3 67.9 420.7 
2n 48.13 3000 5125 0.1 1950 75000 75.14 9928 92.77 27.74 1032 228.2 
273 27.03 3000 5125 0.1 1950 15000 65.03 88.63 0 0 6 1.4 412.1 
274 38.94 3000 5125 0.1 1950 75000 28.19 0 0 0 82.7 672.1 
275 34.21 3000 5125 0.1 1950 75000 65.63 98.37 83.65 0 106.3 366.2 
276 29.9 3000 5125 0.1 1950 75000 30.7 91 .93 19.34 0 142.6 699.8 
2n 23.51 3000 5125 0.1 1950 75000 52 .57 97.69 76.91 0 127.9 492.7 
278 48.79 3000 5125 0.1 1950 75000 32.64 90.73 7.3 0 49.6 304.< 
279 50.74 3000 5125 0.1 1950 75000 41 .M 9UJ 18.97 0 69.7 31M.7 
280 43.05 3000 5125 0.1 1950 75000 58.04 98.99 89.9 0 86.9 234.9 
281 41 .21 3000 5125 0.1 1950 75000 14 .68 6221 0 0 62.9 488 
282 23.07 3000 5125 0.1 1950 75000 62.94 99.46 94.84 48.45 193.1 320.5 
283 43.94 3000 5125 0.1 1950 75000 42.05 69.85 0 44.1 364.1 
284 25.97 3000 5125 0.1 1950 75000 53.71 73.79 0 57.5 471 .7 
285 24.-43 3000 5125 0.1 1950 75000 •• 0 0 49.4 518.3 
286 39.28 3000 5125 0.1 1950 75000 16.77 71 .14 0 64.1 483.5 
287 23.71 3000 5125 0.1 1950 75000 38.38 75 .37 0 0 95.3 702.6 
288 32.43 3000 720 5125 0.1 1950 75000 43.48 9928 92.79 27.87 112 241 .3 
289 34.08 3000 2080 5125 0.1 1950 75000 25.85 0 0 0 53.9 582.6 
290 46.65 3000 850 5125 0.1 1950 75000 46.8 98.73 87.3 0 65.5 198.5 
291 46.78 3000 850 1 5125 0.1 1950 75000 54.98 99.64 96.4 63.96 140.3 157.9 
292 31 .1 3000 1900 5125 0.1 1950 75000 31 .78 542 0 0 63.3 555.7 
293 26.71 3000 1370 5125 0.1 1950 75000 58.98 88.65 0 0 77.3 507.1 
294 26.76 3000 1630 5125 0.1 1950 75000 25.27 9821 82.7 0 161 .3 521 .6 
295 25.95 3000 1070 5125 0.1 1950 75000 44.36 97.15 71.47 78.9 336.9 



Sil'l'llAation Parameters and Rssults: 10% lnvenlory case 

Requi ... Required 
Required Soun,, Sou""' 

'™d I ~»~m I M~- I I I I I IR-~~ Iv~-••~, I I I A™ I I~- Clean"P c1oa..., 
Ma,cimum al Concentration Release Rate 1-0 Carbon above Fixed Ord8f Cleanup P8foentage Peroentage Abk>tic Carbon 

Fixed SolKce Compliance Cornpllance al Compliance Source Source Streamtube Base Bulk Tetrachloride Source Rate Longitudinal Percentage (50µg/l (500 µg/L Reaction Tetrachloride 
Velocity I Concentratlo I Boundary Boundary Boundary Rate Duration Lenglh P°'.:osl_!Y Dens~ Source Concentration Poi:>sl_!Y ~d Retardatlo Constant Dlspersivity (5 f.19/1.. Compliance Compllance Half Time Travel Tlme 

ollance ) ) M M 
89.37 0 99.9 276.9 

2.53 0 57 358.5 
0 0 63.6 428.1 

78.57 0 159 558.8 
66.64 28 .98 0 0 49.5 520.5 

301 23.29 3000 - 730 ------,n53524 - o.8383 131.239 571 .48 5125 0.1 1950 75000 1612500 0.1366 - 1.299 1.81E-02 20.41 73.91 0 0 38.2 285.9 
302 41 .37 3000 1780 10.727389 0.5097 142.53 526.21 5125 0.1 1950 75000 1825000 0.0769 - 3.918 1.19E-02 26.n 53 .39 0 0 58.3 485.4 
303 52.78 3000 1080 135.144008 5.5395 122.968 609.91 5125 0.1 1950 75000 1462500 0.0603 - 3.092 1.11E-02 5524 96.3 63 0 62.8 300.4 
304 21 .5 3000 1660 15.2-45502 o.n31 152.132 492.99 5 125 0.1 1950 75000 2012500 0.148 - 2.5n 8.67E-03 21.35 672 0 0 BO 614.3 
305 49.02 3000 1800 122.858367 5.4851 133.938 559.96 5125 0.1 1950 75000 1662500 0.0649 - 3.998 7.26E-03 17.11 95.93 59.3 0 95.5 418 
306 61 .n 3000 1320 621Jl46122 12.6693 61 .1213 1227.07 5125 0.1 1950 75000 512500 0.0515 - 2.249 8.83E-03 67.87 992 91 .96 19.59 78.5 186.6 
307 50.42 3000 1460 469.711331 18.2528 116.579 643.34 5125 0.1 1950 75000 1350000 0.0631 - 3.502 4.92E-03 31.1 98.94 89.36 0 140.9 358 
308 25.03 3000 1590 14.059261 0.3692 78.7839 951 .97 5125 0.1 1950 75000 750000 0.1271 - 2.376 1.17E-02 23.58 64.44 0 0 59.4 466.6 
309 34.39 3000 2060 0.2706 0.0095 105.518 710.78 5125 0.1 1950 75000 1162500 0.0925 - 4.704 1.79E-02 51 .09 0 0 0 38.7 701 
310 52.58 3000 820 889.591382 28.3008 95.4399 785.84 5125 0.1 1950 75000 1000000 0.0605 - 1.491 8.54E-03 59.4 99.44 94.38 43.79 81.1 145.3 
311 24.7 3000 1840 174.579251 8.7427 150.236 499.21 5125 0.1 1950 75000 1975000 0.1288 - 2.899 4.19E-03 25.2 97.14 71 .36 0 165.5 601 .5 
312 32.6 3000 1280 4.503331 0.1898 126.447 593.13 5125 0.1 1950 75000 1525000 0.0976 - 2.895 1.63E-02 46.0B 0 0 0 42.4 455.2 
313 27.62 3000 2120 0.066339 0.003 135.945 551 .69 5125 0.1 1950 75000 1700000 0.1152 - 4.306 1.75E-02 45.57 0 0 0 39.7 799.1 
314 21 .82 3000 1710 3.868149 0.2026 157.131 477.31 5125 0.1 1950 75000 2112500 0.1458 - 3.108 1.0 lE-02 61 .34 0 0 0 68.9 730.1 
315 29.38 3000 2210 4.339849 0.1415 97.8112 766.78 5125 0.1 1950 75000 1037500 0.1083 - 3.81 1.09E-02 36.67 0 0 0 63.7 664.7 
316 24.82 3000 2650 117.86224 5.574 141.B78 528.62 5125 0.1 1950 75000 1812500 0.1282 - 3.804 3.08E-03 28.61 95.76 57.58 0 225.3 785.6 
317 45.n 3000 1030 196.34834 5.7144 87.3109 859 5125 0.1 1950 75000 875000 0.0695 - 2.065 1.24E.o2 46 .28 97.45 74.54 0 55.9 231.2 
318 40.17 3000 860 253.325703 12.363 146.408 512.27 5125 0.1 1950 75000 1900000 0.0792 - 2.167 9.11E-03 18.36 98.03 80.26 0 76.1 276.5 
319 31.47 3000 860 640.603401 27.4417 128.512 583.6 5125 0.1 1950 75000 1562500 0.1011 - 1.798 5.39E-03 42.43 99.22 92.19 21 .95 128.6 292.8 
320 30.98 3000 920 142.821678 6.2156 130.56 574.45 5125 0.1 1950 75000 1600000 0.1027 - 1.975 9.78E-03 44.07 96.5 64.99 0 70.9 326.8 
321 38.01 3000 860 59.874305 3.2828 164.483 455.97 5125 0.1 1950 75000 2262500 0.0837 - 2.264 1.34E-02 29.69 9 1.65 16.49 0 51 .7 305.3 
322 36.4 3000 1730 2.879928 0.1112 115.858 647.34 5125 0.1 1950 75000 1337500 0.0874 - 4.035 1.47E-02 52.91 0 0 0 47,1 568.1 
323 38.24 3000 1380 2.875395 0.121 9 127.137 589.91 5125 0.1 1950 75000 1537500 0.0632 - 3.007 1.83E-02 16 0 0 0 37.9 403 
324 33.81 3000 1120 447.082906 19.0495 127.826 586.74 5125 0.1 1950 75000 1550000 0.0941 - 2.413 5.22E·03 46.39 98.68 88.82 0 132.9 365.8 
325 25.8 3000 950 12.379382 0.6586 159.6 469.92 5125 0.1 1950 75000 2162500 0.1233 - 1.987 1.48E-02 30.93 59.61 0 0 46.9 394.8 
326 27.78 3000 920 138.51901 7.2348 158.985 471.74 5125 0.1 1950 75000 2150000 0.1145 - 1.938 8.84E-03 20.16 96.34 63.38 0 78.4 357.4 
327 27.17 3000 1640 45.003848 2.0593 137.274 546.35 5125 0.1 1950 75000 1725000 0.1171 - 2.683 7.69E-03 27.41 88.89 0 0 90.1 543.9 
328 27.4 3000 750 205.644641 8.9496 130.56 574 .45 5125 0.1 1950 75000 1600000 0.1161 - 1.505 1.01E-02 n .11 1 97 .57 75.69 0 68.9 281 .4 
329 56.11 3000 281 0 1.195224 0.0453 113.682 659.73 5125 0.1 1950 75000 1300000 0.0567 - 6.568 1.46E-02 27.25 0 0 0 47.4 599.9 
330 33.17 3000 690 382.690071 21.2133 166.296 451 5125 0.1 1950 75000 2300000 0.0959 - 1.662 8.15E-03 23.25 98.69 86.93 0 85.1 258.7 
331 38.84 3000 560 142.350252 7.6603 161 .44 464.57 51 25 0.1 1950 75000 2200000 0.0819 - 1.469 1.68E-02 81.45 96.49 64.88 0 41.2 193.8 
332 53.92 3000 1690 130.809281 4.829 110.748 6n.21 5125 0.1 1950 75000 1250000 0.059 - 3.978 8.26E-03 21 .41 96.18 61.78 0 83.9 378.1 
333 22.61 3000 1680 68.648661 3.0802 134.609 557.17 5125 0.1 1950 75000 1675000 0.1407 - 2.576 6.45E-03 18.19 92.n 27.17 0 107.5 583.8 
334 23.83 3000 960 504.323922 18.9882 112.952 664 5125 0.1 1950 75000 1287500 0.1335 - 1.652 5.14E-03 43 .66 99.01 90.09 0.86 134.7 355.3 
335 34.96 3000 2650 22.392351 0.4782 64.0676 1170.64 5125 0.1 1950 75000 550000 0.091 - 5.06 7.60E-03 60.02 77 .67 0 0 91.2 741 .7 
338 37.65 3000 930 607.853576 24.n34 122.267 613.41 51 25 0.1 1950 75000 1450000 0.0845 - 2.144 5.64E-03 61 .36 99.18 91 .77 17.74 122.8 291 .9 
337 28.92 3000 730 621 .487148 27.7469 133.938 559.96 5125 0.1 1950 75000 1662500 0.11 - 1.429 6.29E-03 25.05 992 91 .95 19.55 110.3 2532 
338 3428 3000 700 791 .379186 34.0811 129.196 580.51 5125 0.1 1950 75000 1575000 0.0928 - 1.429 6.34E-03 45.59 99.37 93.68 36.82 109.3 213.7 
339 37.47 3000 920 8-48.338854 44 .0821 155.889 481.11 5125 0.1 1950 75000 2067500 0.0849 - 2.335 3.62E--03 69.24 99.41 94.11 41 .06 191 .4 319.4 
340 23.64 3000 1920 27.933313 0.8738 93.8425 799.21 5125 0.1 1950 75000 975000 0.1346 - 2.896 7.83E·03 34.54 62.1 0 0 68.5 628 
341 53.02 3000 3340 49.589819 1.1686 70.6941 1060.91 5125 0.1 1950 75000 637500 0.06 - 6.612 6.28E-03 41 .62 89.92 0 0 110.3 639.1 
342 38.47 3000 1530 202.064908 6.3208 93.8425 799.21 5125 0.1 1950 75000 975000 0.0827 - 3.096 6.74E-03 42 .48 97.53 75.26 0 102.8 412.8 
343 B0.03 3000 3060 25.843203 0.922 107.025 100.n 5125 0.1 1950 75000 1187500 0.053 - 6.904 7.51E-03 35.97 B0.65 0 0 92.2 589.5 
344 35.95 3000 980 195_4791n 8.2842 127.137 589.91 5125 0.1 1950 75000 1537500 0.0885 - 2.363 8.67E-03 76.52 97.44 74.42 0 BO 336.8 
345 50.9 3000 1970 68.338041 3.5064 ·154.016 466.96 5125 0.1 1950 75000 2050000 0.0625 - 4,717 6.87E-03 37.46 92.68 26.83 0 101 474.9 
346 40.22 3000 780 262.595746 7.7874 88.9661 843 .02 5125 0.1 1950 75000 900000 0.0791 - 1.368 1.45E-02 54 .12 96.1 80.96 0 47.9 174.4 
347 51 .64 3000 960 39.413464 1.7948 138.61 549.01 5125 0.1 1950 75000 1712500 0.0616 - 3.042 1.64E-02 65.7 87.31 0 0 42.3 301.8 
348 38.56 3000 1880 18.042585 0.7646 127.137 589.91 5 125 0.1 1950 75000 1537500 0.0825 - 4.194 9.SOE-03 50.47 72.29 0 0 72.2 557.4 
349 50.66 3000 810 148.822073 7.6092 153.389 468.95 5125 0.1 1950 75000 2037500 0.0628 - 2.446 1.28E-02 44 .75 96.64 66.4 0 54 247.5 
350 23 3000 1430 19.970151 0.6193 93.0387 806.12 51 25 0.1 1950 75000 962500 0.1383 - 2.282 1.07E-02 38 .65 74 .96 0 0 64.9 508.3 
351 56.71 3000 680 154.53496 5.6285 109.267 686.4 5125 0.1 1950 75000 1225000 0.0561 - 2.259 1.55E-02 52 .41 96.76 67.64 0 44.6 204.1 
352 21 .25 3000 1080 138.716162 5.6468 126.447 593.13 5125 0.1 1950 75000 1525000 0.1497 - 1.898 7.05E-03 57.28 96.4 63.96 0 98.4 457.7 
353 45.06 3000 1290 117.651794 6.2591 159.6 469.92 5125 0.1 1950 75000 2162500 0.0706 - 3.401 7.97E-03 49.111 95.75 57.5 0 87 386.8 
354 23.65 3000 1900 14.048122 0.3607 77.0232 973.73 5125 0.1 1950 75000 725000 0.1345 - 2.637 9.87E-03 18.94! 64 .41 0 0 70.3 571.3 



Slmulation Parameters and Results: 10% Inventory Case 

Roqui,ed Required 
Required Soun,o Sou""' 

Trneol Maximum Maximum First Souree Cleanup Cleanup 

Maximum at Conoentralion Release Rate 1-0 °"'"' Cleanup Percentage Percentage Abiotic c.,,,o, 
Fixed 5oufce Compliance Compliance at Compliance 5ou,.,. Sou,co Streamb.Jbe B~k Tetrachloride Rate Longitudinal Perc&ntage (SO µg/L (50011g/L Reaction Tetrachloride 

Velocity Concentralio Boundacy Boundecy """""'" Rate Duration Longlh Oen,~ """"' Kd Retardatlo DlsP8(Slvity (5"9il Compliance Compllance Halfnme TraVtllTlme 
K K 

0 
6825 245.5 

357 3000 85.81 226.5 
358 3000 1950 0 391 .9 
359 3000 884.45 1950 89.17 469.2 
360 3000 0.3206 178.72 419.65 5125 1950 2.148 1.42E-02 69.13 7.1 0 48.9 507.2 
361 41.8 3000 12.7277 102.47 731 .92 5125 1950 1.941 9.07E-03 43.28 96.66 86.58 76.5 237.9 
362 37.12 3000 6.0377 135.278 55".42 5125 1950 2.082 1.13E-02 36.73 9627 62.66 61 .3 287.4 
363 57.63 3000 0.0657 88.9661 843.02 5125 o., 1950 8.065 1.03E-02 18.72 0 0 67.1 717.2 
384 35.99 3000 9.2216 127.826 5125 0.1 1950 2.718 6.86E-03 44 .02 97.69 76.9 101.1 387 
365 28.2 3000 8.5849 125.755 5125 0.1 1950 1.976 7.75E-03 3822 97.56 75.59 89.4 359.1 
366 25.43 3000 0.6776 136.61 5125 0.1 1950 2.23" 1.24E-02 26.39 66.4 0 55.8 450.2 
367 29.43 3000 0.6295 133.266 5125 o., 1950 2.3"8 1.JBE-02 24 .36 64 .72 0 0 50.1 409 
368 29.29 3000 5125 o., 1950 1.893 4.46E-03 59.55 99.28 92.82 28.15 155.6 331 .2 
389 62.14 3000 5125 0.1 1950 4.648 8.32E-03 53.33 94.64 46.36 0 83.3 383.4 
370 34.36 3000 5125 o., 1950 4.914 1.SOE-02 19.31 0 0 0 46.2 733.1 
371 26.89 3000 5125 o., 1950 2.902 6.49E-03 51.73 9422 422 0 106.8 553.1 
3n 36.61 3000 5125 0.1 1950 3.475 9.88E-03 29.02 6423 0 0 70.1 486.5 
373 39.421 3000 5125 o., 1950 9.0SE-03 24 .39 98.51 85.11 0 76.6 246.9 
374 54.38 3000 5125 0.1 1950 35.86 94.94 49.39 0 87.8 429.8 
375 29.05 3000 5125 o., 1950 43.81 94 .79 47.92 0 130.4 607.8 
376 42.42 3000 5125 o., 1950 31.96 92.4 23.96 0 58 339.6 
377 49.48 3000 5125 0.1 1950 75000 76.02 96.99 89.86 0 68.6 187.4 
378 25.55 3000 5125 o., 1950 75000 0.1245 - 66.37 96 .32 63.25 0 76.4 365.7 
379 ... , 3000 5125 o., 1950 75000 0.0588 - 80.6 9822 82.16 0 77.1 2802 
380 28 3000 5125 0.1 1950 75000 0.1136 - 94 .67 94 .45 44.54 54.3 303.1 
381 21 .8 3000 5125 o., 1950 75000 0.1459 - 34.36 99.12 91 .18 11 .76 130 317.2 
382 24.59 3000 5125 o., 1950 75000 0.1294 - 80.68 0 0 0 42.2 693.4 
383 30.15 3000 589.91 5125 o., 1950 75000 0.1055 - 2.375 31.67 94 .74 47.43 78 403.6 
364 24.8 3000 799.21 5125 o., 1950 75000 0.1283 - 2.528 83 .92 0 0 37.4 522.4 
385 39.57 3000 577.46 5125 0.1 1950 75000 0.0804 - 1.58 32.57 97 .34 73.4 49.8 204.6 
386 50.82 3000 737 .46 5125 0.1 1950 75000 0.0626 - 5.973 21.8 0 0 61 .9 602.3 
387 56.41 3000 1270 433.68 5125 o., 1950 75000 0.0564 - 3.97 1.59E-02 39.19 6328 0 43.6 360.7 
388 25.41 3000 2130 691 .1 5125 o., 1950 75000 0.1252 - 3.617 1.23E.02 39.93 0 0 0 56.5 729.5 
389 36.32 3000 2240 606-46 5125 o., 1950 75000 0.0876 - 4.34 6.60E-03 4524 87.62 0 0 105.1 812.5 
390 31 .16 3000 1280 620.57 5125 o., 1950 75000 0,1021 - 2.586 32.91 87.12 0 0 64.1 425.4 
391 40.63 3000 1910 773 5125 o., 1950 75000 0.0783 - 12.91 3125 0 0 50.6 460.2 
392 58.7 3000 1030 589.91 5125 o., 1950 75000 0.0542 - 37.72 86.05 0 0 39.1 273.4 
393 31.34 3000 960 5125 o., 1950 75000 77.71 9923 92.3 23.01 1l5.8 311.8 
394 57.42 3000 5125 o., 1950 75000 43.18 97.13 7129 0 96.8 359.9 
395 23.19 3000 5125 0.1 1950 75000 41.73 98.17 81 .68 0 m 552.4 
396 21 .34 3000 5125 o., 1950 75000 33.97 0 48.1 613.4 
397 24.3 3000 5125 0.1 1950 75000 75.31 97.81 78.07 168.8 620.9 
398 22.48 3000 5125 o., 1950 75000 79.86 69.7 0 40.2 337.7 
399 48.79 3000 5125 o., 1950 75000 5023 90.4 3.96 40 256.5 
400 44.74 3000 5125 o., 1950 75000 16.18 68.96 0 71 532.9 
401 40.42 3000 5125 o., 1950 75000 5.69E-03 92 .87 99.6 95.95 59.51 121 .8 159.2 
402 32.93 3000 5125 o., 1950 75000 3.26E-03 26~1 99.19 91.87 18.66 212.6 458.4 
403 40.89 3000 5125 0.1 1950 75000 1.01E-02 49.14 86.43 0 0 68.7 481 .8 
404 28.67 3000 5125 0.1 1950 75000 0.1193 - 7.14E-03 36.38 95.99 59.87 0 97.1 442.7 
405 22 3000 5125 o., 1950 75000 2.396 7.24E-03 64 .02 92 .76 27.62 95.7 558 
406 52.85 3000 5125 0.1 1950 75000 3.894 1.20E-02 46.69 85.58 0 57.6 377.7 
407 27.86 3000 5125 o., 1950 75000 3.165 5.48E-03 15.65 96.06 60.58 126.S 582.2 
408 4121 3000 5125 o., 1950 75000 3.056 7.19E-03 15.43 97.53 75.27 96.4 380 
409 33 3000 5125 0.1 1950 75000 2.927 9.BOE-03 3724 87.41 0 70.7 454.6 
410 so., 3000 5125 o., 1950 75000 4.904 5.77E-03 81 .03 94.86 48.61 120.2 501.7 
411 40.53 3000 5125 o., 1950 75000 4.137 3.98E.03 35 97.05 70.5 174.2 5232 
412 38.75 3000 5125 o., 1950 75000 3.609 5.84E-03 51.72 97.5 74.97 118.6 477.3 
413 22.33 3000 5125 o., 1950 75000 0.1425 - 1.285 1.00E-02 26.231 96 .96 69.61 69,1 294.9 



Slmutatlon ParameteB and Results: 10% lnwnlory case 

Required Required 

T™ol :1 ~~~m 'I• Mu~ :I I ,1 I I I R-N~ lvo1-••~,1 1 ,I 1- 1 11:~, "°""' Sou= 
Cleanup Cleanup 

Maximum al Concentration Release Rate 1-0 carbon above Fixed Order Oeanup Percentage ••=•ta~ I AbioUe Gart>on 
Axed Source Compliance Compliance al Compliance Source Source Streamtube Base Bulk Tetrachloride Source Rate Longitudinal P8'Centage (50µgll.. (500 µg/L Reaction Tetrachloride 

Velodty I Concentrat~ I Boundary Boundary Boundary Rate Duration Length P°'oslty Densty Source Concentration Porosity Kd Retardatio Constant Dispersivity (5 1,1Qi1.. Compliance Compliance Hair Time Travel Time 
Reaiiutionl lmM n /moll I (y) /,.n/l I (Kg/y) (Kg/y) (y) (ml (m'lm; (Kolm~ (Kol fm3l fm'1m; m' ll<o) n f11vl fml · l I M M 

11 2.7 741 .6 
45.9 468 

0 0 40.7 375.5 
1950 75000 2000000 0.055 - 5.139 9.70E-03 28.65 81 .4 0 0 71 .5 455.3 

0.1 1950 75000 1062500 0.1201 - 1.592 9.00E-03 33.64 97.53 7526 0 77 308 
419 24.64 3000 1430 26.593228 1.1513 129.879 577Ml 5125 0.1 1950 75000 1587500 0.1291 - 2.473 9.53E--03 25."8 812 0 0 72.7 514.3 
420 49.4 3000 1270 98.60094 3.0047 91 .4206 820.38 5125 0.1 1950 75000 937500 0.0644 - 2.841 1.20E-02 19.79 04.93 4929 0 57.7 294 .8 
421 21 .22 3000 1050 80.888909 3.9476 146.408 51227 5125 0.1 1950 75000 1900000 0.1499 - 1.875 8.28E-03 36.15 93.82 38.19 0 83.7 452.9 
422 24.97 3000 1400 4.37"892 0.1636 11222 668.33 5125 0.1 1950 75000 1275000 0.1274 - 3.02 1.36E-02 91.3 0 0 0 51 619.9 
423 24.03 3000 1240 60.854911 1.8873 93.0387 806.12 5125 0.1 1950 75000 962500 0.1324 - 2.045 9.63E-03 50.8 91.78 17.84 0 72 436.2 
424 22.12 3000 1380 33.272955 1.5808 142.53 52621 5125 0.1 1950 75000 1825000 0.1438 - 2.661 7.nE-03 88.8 84.97 0 0 89.2 616.5 
425 38.47 3000 1210 110.3439 3.5687 97.024 773 5125 0.1 1950 75000 1025000 0.0627 - 2.568 1.03E-02 42.91 95.47 54.69 0 67.2 342.1 
426 25.76 3000 930 104.887159 6.3899 182.765 410.36 5 125 0.1 1950 75000 2650000 0.1235 - 2.13 8.00E-03 75."8 9523 52.33 0 .. 423.8 
427 40.17 3000 2600 20.086459 0.6337 94.6429 792.45 5125 0.1 1950 75000 987500 0.0792 - 4.406 8.95E-03 13.19 75.11 0 0 77.4 562.1 
428 33.7 3000 720 213,312n6 10.1807 143.18 523.82 5125 0.1 1950 75000 1837500 0.0944 - 1.714 1.08E-02 69.34 97.66 76.56 0 64.4 260.6 
429 42.08 3000 2660 2.800323 0.078 81 .3866 921.51 5125 0.1 1950 75000 787500 0.0756 - 4.93 1.28E-02 23 .74 0 0 0 54 .1 600.4 
430 29.48 3000 1120 98.835349 2.4493 74.3438 1008.83 5125 0.1 1950 75000 687500 0.1079 - 1.564 1.JSE-02 80.36 ..... 49.41 0 5 1.6 275.4 
431 21 .93 3000 1220 12.1909 0.6904 169.892 441 .-46 5125 0.1 1950 75000 2375000 0.1451 - 225 1.09E-02 34.89 58.99 0 0 63.4 525.9 
432 61 .53 3000 950 860.781927 23.1048 80.525 931 .39 5125 0.1 1950 75000 775000 0.0517 - 1.977 7.68E-03 26.87 99.42 94.19 •1.91 90.3 164.7 
433 22.39 3000 1250 473237037 14.•212 91 .4206 820.38 5125 0.1 1950 75000 937500 0.1421 - 1.909 •.38E--03 57.67 98.94 89.43 0 158.4 436.9 
434 35.23 3000 1580 142.140495 5.317 112.22 668.33 5125 0.1 1950 75000 1275000 0.0903 - 3.401 6.03E-03 n .85 98.48 64.82 0 114.9 494.8 
435 24.72 3000 1080 225.671131 6.938 92.2314 813.17 5125 0.1 1950 75000 950000 0.1287 - 1.743 7.53E-03 56.72 97 .78 77.64 0 92.1 361 .4 
436 55.91 3000 1480 180.587293 5.6971 94.6429 792 .45 5125 0.1 1950 75000 987500 0.0569 - 3.983 8.08E-03 68.48 9723 72.31 0 85.7 365.1 
437 24.78 3000 1180 125.144378 5.5029 131.916 568.54 5125 0.1 1950 75000 1625000 0.1284 - 2.116 7.47E-03 29.05 96 60.05 0 92.8 437.8 
438 23.57 3000 1440 5.253565 0.2609 148.966 503.47 5125 0.1 1950 75000 19500001 0.135 - 2.95 1.15E-02 73.84 4.83 0 0 80.5 641 .6 
439 55.62 3000 3120 3.389522 o.on8 68.8336 1089.58 5125 0.1 1950 75000 612500 0.0572 - 6.495 1.JOE-02 27.04 0 0 0 53.4 598.5 
440 36.19 3000 1340 25.443726 0.8756 103.236 726.49 5125 0.1 1950 75000 1125000 0.0879 - 2.997 1.27E-02 55.88 80.35 0 0 54.5 424.4 
441 34.65 3000 820 188.32573 9.1908 146.408 512.27 5125 0.1 1950 75000 1900000 0.0918 - 2.124 9.SJE-03 92.4 97.35 73.45 0 72.7 314 
442 23.31 3000 1010 9.605885 0.3756 117.297 639.4 5125 0.1 1950 75000 1362500 0.1365 - 1.885 1.54E-02 48.42 47.95 0 0 45 410 
443 28.25 3000 980 382.523501 12.6712 99.3762 754.71 5125 0.1 1950 75000 1062500 0.1126 - 1.749 6.83E-03 73.71 98.69 86.93 0 101 .6 317.3 
444 41 .8 3000 2150 2.915747 0.1567 16327 459.36 5125 0.1 1950 75000 2237500 0.0761 - 5.047 121E-02 43.14 0 0 0 57.3 618.7 
445 23.58 3000 870 63.580679 1.5372 72.5304 1034.05 5125 0.1 1950 75000 662500 0.1349 - 1.291 1.41E-02 29.77 92.14 21 .36 0 49 280.5 
448 26.06 3000 1200 36.697144 1.1381 93.0387 806.12 5125 0.1 1950 75000 962500 0.1221 - 2.108 1.17E-02 57.55 86.37 0 0 59.2 414 .5 
447 33.07 3000 890 381 .826165 18.7158 147.05 510.03 5125 0.1 1950 75000 1912500 0.0962 - 2.024 6.73E-03 33.72 98.69 86.91 0 103.1 313.7 
448 35.11 3000 1570 7.331142 0.3207 131.239 571 .48 5125 0.1 1950 75000 1612500 0.0906 - 4.096 125E-02 85.72 31 .8 0 0 55.3 597.8 
449 61 .89 3000 1190 437.66608 132184 90.6061 827.76 5125 0.1 1950 75000 925000 0.0514 - 2.962 8.10E-03 28.93 98.86 88.58 0 85.6 245.3 
450 26.21 3000 660 260.085049 15.1394 174.628 429.49 5125 0.1 1950 75000 2475000 0.1214 - 1.525 8.58E-03 67.37 98.08 80,78 0 80.8 298.3 
451 22.58 3000 1880 9.165964 0.3736 122.267 613 .41 5125 0.1 1950 75000 1450000 0.141 - 2.98 8.98E-03 37.52 45.45 0 0 77.2 877 
452 23.34 3000 1900 2.158098 0.1067 148.328 505.63 5125 0.1 1950 75000 1937500 0.1363 - 3.521 1.07E-02 60.91 0 0 0 64.6 773 
453 28.8 3000 640 864.54431 47.0512 16327 459.36 5125 0.1 1950 75000 2237500 0.1187 - 1.364 4.83E-03 35.46 99.42 9422 42.17 143.6 260.9 
454 38.61 3000 980 297.57734 11 .5637 118.579 643 .34 5125 0.1 1950 75000 1350000 0.0824 - 2.3 8.02E-03 66.48 98.32 832 0 88.5 305.3 
455 40.68 3000 1570 49.183662 1.9113 116.579 643.34 5125 0.1 1950 75000 1350000 0.0782 - 3.851 9.03E-03 68.85 89.83 0 0 76.7 485.2 
456 32.46 3000 ... 231 .901649 9.6136 124.366 803.06 5125 0.1 1950 75000 1"87500 0.098 - 2.133 8.12E-03 78.92 97.84 78.44 0 85.3 338.8 
457 44.81 3000 1140 434.942011 12.8984 88.9661 643.02 5125 0.1 1950 75000 900000 0.071 - 2.317 7.40E-03 18 98.85 88.5 0 93.6 265 
458 21 .73 3000 1180 5.896834 0.3292 167,499 447.76 5125 0.1 1950 75000 2325000 0.1464 - 2.202 1.29E-02 4025 15.21 0 0 53.7 519.3 
459 22.99 3000 2120 37.721746 1.2691 100.929 743.1 5125 0.1 1950 75000 1087500 0.1384 - 2.98 6.66E-03 24.05 86.75 0 0 104 664.4 
480 22.44 3000 1000 29.372595 1.4397 147.05 510.03 5125 0.1 1950 75000 1912500 0.1418 - 2.111 1.09E-02 93 .45 82.98 0 0 83.7 .. 22 
461 50.74 3000 830 178.m99 6.6875 11222 668.33 5125 0.1 1950 75000 1275000 0.0627 - 1.904 1.45E-02 34.64 972 72.03 0 47.7 201 .4 
462 30.86 3000 840 80.540966 2.7702 137.274 546.35 5125 0.1 1950 75000 1725000 0.1031 - 1.887 1.JJE-02 48.48 91 .74 17.41 0 52.1 313.3 
463 25.17 3000 930 72.569392 3.1582 130.56 574.45 5125 0.1 1950 75000 1600000 0.1264 - 1.777 1.08E-02 35.58 93.11 31.1 0 64.5 361 .9 

~ ~ -44 3000 1320 70.07367 2.8559 122.267 613.41 5125 0.1 1950 75000 1450000 0.0685 - 3.167 1.11E-02 22.09 92 .86 28.65 0 82.2 349.5 
465 25.45 3000 960 97.81 7719 2.9008 88.9661 843.02 5125 0.1 1950 75000 900000 0.125 ...... 1.401 1.30E-02 72.52 94 .89 48.88 0 53.5 282 
466 41 .48 3000 1120 260.751272 7.0741 81 .3886 921.51 5125 0.1 1950 75000 787500 0.0767 - 1.998 1.0lE-02 17.62 98.08 80.82 0 68.8 2-46.6 
467 21 .37 3000 720 382.942008 23.8403 186.767 401 .57 5125 0.1 1950 75000 2737500 0.1489 - 1.433 6.06E-03 20.12 96.69 86.94 0 114.4 343.7 
468 50.26 3000 1010 310.884123 17.2329 166.296 451 5125 0.1 1950 75000 2300000 0.0633 - 2.862 7.74E-03 25.75 96~9 83.92 0 89.6 291 .8 
469 53.92 3000 1080 120.77368 7.9699 197.971 378.84 5125 0.1 1950 75000 2987500 0.059 - 3.201 1.03E-02 21 .47 95.86 58.6 0 67 304.2 
470 35.87 3000 1150 12.217544 0.4777 117.297 639.4 5125 0.1 1950 75000 1362500 0.0887 - 2.847 1.60E-02 66.01 59.08 0 0 43.4 406.8 
471 45.06 3000 1540 18.141618 0.9238 152.761 490.96 5125 0.1 1950 75000 2025000 0.0706 - 4.395 1.12E-02 71.44 72A4 0 0 62 499.9 
472 41 .53 3000 1270 16.622623 0.693 125.062 599.7 §125 0.1 1950 75000 1500000 0.0766 - 2.92 1.51E-02 18.1 69.92 0 0 45.8 360.~ 



SimJalon Parwneters and Restils: 10% lnvenlofy Case 

""""""' Required 
Required Som,e Soun,e 

Tme of Maxim.Jm Maximun Remaining Vok.me at or Fh t "°'-"'• Cleanup Cleanup 
Maxirrumat Concentration Release Rate 1-0 ~ above Fixed """" Cleanup P8foentage Percentage A.biotic ~ 

Axed Source Compliance Compliance Sou,oe S treamtube B~k Tetrachlorlde Rale longitudinal Pemontage (50 µg/l (SO0µg/l Reaction Tetrachloride 
V-fy Concentratio """""'"' Bo<ma,y Duration L,ogtt, Demfy Soun,e Kd Retardatio Conslanl Oisperslvity (5 ""'1- Compliance Compliance HalfTlme Travelllme --473 0.55 95.1 507.9 

79.19 88.9 ,.._. 
2 1.55 85.2 .... 8 

0 45.6 30 1.2 
477 5125 1950 0 49.1 553.1 
478 51 25 0.1 1950 0 81 786.8 
4 70 51 25 0.1 1950 0 .... 284 4 
480 47.41 5125 0.1 1950 0 54.3 458.7 
481 23.24 3000 5125 0.1 1950 0 48.6 528.7 
482 23.04 3000 5125 0.1 1950 91.08 10.77 63.4 482.2 
463 21 .88 3000 5125 0.1 1950 98.8 85.95 134.2 427.9 ... 23.69 3000 5125 0.1 1950 17.23 41 .36 0 43.1 3n.3 
485 24.91 3000 5125 0.1 1950 31 .6.1 87.13 0 95.5 594.4 
486 49.94 3000 5125 0.1 1950 44.4 98.38 83.63 75.3 259.4 
467 54.95 3000 5125 0.1 1950 55.56 90.94 9.38 69.6 414.8 
488 41 .59 3000 5125 0.1 1950 40.83 92.08 20 .8 56 330.8 
489 37.65 3000 5125 0.1 1950 81.0 1 0 0 0 53.6 648.2 
4 90 37.34 3000 5125 0.1 1950 43.14 68.43 0 0 47.8 398.5 
491 38.1 3000 5125 0.1 1950 86.23 98.93 8925 0 115.3 319.8 
492 23.09 3000 5 125 0.1 1950 34.33 28.14 0 0 85.7 602.1 
493 28.67 3000 5125 0.1 1950 77.89 74 .17 0 0 59.4 480.2 
494 25.39 3000 5125 0.1 1950 6028 98.76 8 7.61 0 94.8 282.7 
495 46.17 3000 5125 0.1 1950 32.7 98.99 89.93 0 106.7 279.9 
496 2-4.97 3000 5125 0.1 1950 3-4.77 89.94 0 0 75.1 468.8 
497 61 .3 3000 5125 0.1 1950 78.CM 95.01 50.07 0 40.9 229 
498 30.71 3000 5125 0.1 1950 75000 26.22 97.62 76 .16 0 76.2 300.4 
4 99 63.5 3000 5125 0.1 1950 75000 24 .57 99.08 90.63 6.32 198.1 379.2 
500 52.93 3000 5125 0.1 1950 75000 58.41 96.78 6 7.84 0 64 302 
501 38.86 3000 5125 0.1 1950 75000 42 .31 96.16 61 .57 0 78.9 372.3 
502 3-4.21 3000 51 25 0.1 1950 75000 28.37 95.88 58.79 0 88.1 407.7 
503 25.78 3000 5125 0.1 1950 75000 78.67 78.85 0 91.8 736.7 
504 22.48 3000 5125 0.1 1950 75000 88.2 97.68 76.79 0 88.8 356.6 
505 37.08 3000 5125 0.1 1950- 75000 58.17 91.68 16.56 0 110.1 553.9 
506 24.19 3000 5125 0.1 1950 75000 22.64 97.72 77.16 137.5 518.9 
507 24.43 3000 5125 0.1 1950 75000 53.51 0 0 0 55.1 663 
506 30.96 3000 5125 0.1 1950 75000 61 .59 98.25 82.51 0 75.2 266.6 
509 2525 3000 5125 0.1 1950 75000 47 .11 ..... 64.64 0 113.1 371.5 
51 0 45.32 3000 5125 0.1 1950 75000 6128 99.05 90.47 4 .73 .... 233.8 
511 43.82 3000 5125 0.1 1950 75000 65.42 98.85 88.48 0 111.8 31 1.4 
512 23.-48 3000 5 125 0.1 1950 75000 85.29 71 .06 0 0 45.7 377.5 
513 30.27 3000 5125 0.1 1950 75000 64 .3 1 97.14 71.-43 0 75.9 33 1.3 
514 28.2 3000 5125 0.1 1950 75000 52.28 98.5 85.05 0 96.2 318.1 
515 36 4 3000 5125 0.1 1050 75000 32 .M 47,1 .... , 
516 21 .27 3000 5125 0.1 1950 75000 74 .9 48.6 579.9 
517 22.55 3000 5125 0.1 1950 75000 0 .1411 - 24.15 97.31 73. 13 148.7 572 
518 32.23 3000 5125 0.1 1950 75000 0.0987 - 57.52 95.98 59.82 116 .5 514.7 
519 22.92 3000 51 25 0.1 1950 75000 0.1388 - 43 .63 75.19 0 52.8 
520 67.22 3000 5125 0.1 1950 75000 0.0556 - 74 .79 85.88 0 59.1 
521 26.14 3000 5125 0.1 1950 75000 0.1217 - 41 .83 98.91 8 9.13 
522 23.02 3000 5125 0.1 1950 75000 0.1382 - 53.74 91 .52 15.22 
523 32.17 3000 5125 0.1 1950 75000 0.0989 - 3.794 1.72E-02 51.28 0 0 
524 20.1 3000 5125 0.1 1950 75000 0.1219 - 2.0 78 1.6.'.JE-02 71.31 4 7.89 0 
525 34.39 3000 5125 0.1 1950 75000 0 .0925 - 2.438 1.07E-02 48.24 92.69 26.94 
526 33.24 3000 1100 5125 0.1 1950 75000 0.0957 - 2.274 5.52E-03 17 .92 ..... 88.76 
527 22.22 3000 1670 5125 0.1 1950 75000 0 .1432 - 2.648 1.13E-02 78.8 31.25 0 61 .3 857 
526 24.87 3000 1500 5125 0.1 1950 75000 0 .1279 - 2.669 7.45E-03 40.21 90.11 1.1 93.1 549.9 
529 25.57 3000 1130 5125 0.1 1950 75000 0 .1244 - 1.643 1.06E-02 40 .5 95.29 52.87 85.5 329.3 
530 3-4.73 3000 1570 5125 0.1 1950 75000 0.0916 - 3. 169 7.78E-03 33.81 93.73 37~ 89. 1 467.6 
531 24.7 3000 1530 5125 0.1 1950 75000 0.1288 ...... 2.474 1.03E-02 2204 73.98 0 67.2 513.3 



Simulation Parameters and Results: 10% lnvenlOry Casa 

_.,.., Required 
Required Soun,, Souroe 

Trn&of Maximum Maximum First Soun,, Clunup Cleanup 
Maximum al Conoantratioo Release Rate 1-0 °"'" Cleanup Percentage Percentage Abiotic cart>on 

A xed Source °"""'"""" Compliance a l Compliance Soun,e Soun,, Slraamtuba 8"k Talrad'IIOride Raio Longitudinal Percentage (50 1,1g,1.. (5001,1g/L Reaction Tetrachloride 
Velodty Concenlratlo Bounda,y Bounda,y Bounda,y Rate Duration Length Oen,ty Kd Ral9rdatio Oisp&Bivity (51,1g/L Compliance Compliance HalfTima Tm1181Tima 

Realizatioo K """" 532 98.01 80.14 123.6 439.1 
533 92.6 25.96 63 364.5 
53' 97.9 79.01 111.1 419.4 
535 91 .74 17.35 86.7 528.6 
536 5125 97.32 7325 81 .5 331 .6 
537 59.8 5125 0.1 1950 50.93 98.79 87.91 139.1 317.1 
538 53.56 5125 0.1 1950 64.69 66.22 0 73.4 640.8 
539 39.72 5125 0.1 1950 4.6 48.92 81 .99 0 82.8 593.5 
5'0 39.72 5125 0.1 1950 3.062 18.57 95.79 57.94 84.7 395.1 
541 23.43 5125 0.1 1950 1.416 n.01 97.42 74.18 74.3 309.7 
542 35.59 5125 0.1 1950 1.677 4527 98.64 86.39 77.3 241 .5 
543 24.36 5125 0.1 1950 1.678 23.16 96.74 67.37 80.5 353.1 
544 34.84 5125 0.1 1950 75000 3.102 20.61 93.56 35.58 85 456.2 
545 26.34 5125 0.1 1950 75000 2.785 25.38 0 54.8 541 .9 
548 63.25 5125 0.1 1950 75000 7.791 71.86 41 .42 0 65.1 631 .3 
547 45.131 651.41 5125 0.1 1950 75000 3.257 1.15E-02 88.3 93.15 31.5 60.2 369.9 
548 22.77 589.91 5125 0.1 1950 75000 1.747 1.01 E-02 43.03 92.74 27.42 68.5 393.2 
549 24.53 102124 51 25 0.1 1950 75000 3.012 5.82E-03 32.12 94.31 43.1 119.1 629.2 
550 26.25 705.73 5125 0.1 1950 75000 2.009 1.30E-02 40.72 80.6 0 53.1 392.2 
551 22.92 51 25 0.1 1950 75000 1.418 9.61E-03 36.41 96.79 67.86 72.1 317.1 
552 28.61 5125 0.1 1950 75000 4.288 7.32E-03 40 .12 33.5 0 94.7 768.2 
553 25.27 5125 0.1 1950 75000 1.615 1.54E-02 27.96 79.24 0 45.1 327.5 
554 58.59 3000 5125 0.1 1950 75000 2.941 7.41E-03 61.01 98.94 89.36 93.5 2572 
555 26.6 3000 5125 0.1 1950 75000 2.142 1.02E-02 73.92 92.71 27.11 67.9 412.7 
556 22.42 3000 5125 0.1 1950 75000 2.356 4.02E-03 48.28 98.34 83.39 172.3 538.6 
557 45.77 3000 5125 0.1 1950 75000 2.237 1.52E--02 29.49 93.63 36.31 45.5 250.5 
558 25.15 3000 5125 0.1 1950 75000 2.556 1.20E-02 20.67 39.11 57.9 520.8 
559 26,38 3000 5125 0.1 1950 75000 1.787 1.37E-02 60.23 87.06 50.7 347.2 
560 30.92 3000 5125 0.1 1950 75000 1.56 1.BOE-02 73.24 87.73 0 38.5 261 .9 
561 36.82 3000 5125 0.1 1950 75000 1.936 1.40E-02 21 93.54 35.39 0 49.6 269.5 
562 38.05 3000 5125 0.1 1950 75000 5.247 7.59E-03 97.42 80.38 0 0 91.4 706.7 
563 27.88 3000 5125 0.1 1950 75000 3.675 1.32E-02 13.81 0 0 52.4 675.6 
564 27.86 3000 5125 0.1 1950 75000 1.971 1.37E-02 4031 83.11 0 50.8 362.7 
565 32.53 3000 5125 0.1 1950 75000 2.377 4.34E-03 57.03 99.18 91 .77 17.73 159.8 374.5 
566 27.1 3000 5125 0,1 1950 75000 2.808 5.07E-03 24 23 97.52 75.19 0 136.8 531 
567 22.45 3000 5125 0.1 1950 75000 1.792 1.38E-02 56.93 72.09 0 0 50.3 409.2 
566 22.9 3000 5125 0.1 1950 75000 2.455 7.34E-03 49.53 92.12 21 .19 94.4 549.3 
569 48.72 3000 5125 0.1 1950 75000 1.829 1.JJE-02 35.74 98 80 52 192.4 
570 23.15 3000 5125 0.1 1950 75000 2.734 6.20E-03 70.98 94 .07 40.69 111 .7 605.2 
571 37.78 3000 5125 0.1 1950 75000 1.512 5. 19E-03 20.78 99.52 95.2 5 1.98 133.5 205.1 
5n 49.32 3000 5125 0.1 1950 75000 3.-413 7.63E-03 26.69 97.49 74.9 0 90.8 354.6 
573 23.27 3000 5125 0.1 1950 75000 1.757 7.49E-03 56.25 97.-4 73.99 0 92.5 387 .,. 35.31 3000 5125 0.1 1950 75000 4.302 6.23E-03 40.9 87.48 0 0 111.3 62-4.4 
575 47.84 3000 5125 0.1 1950 75000 1.344 7.82E-03 7928 99.5 94.99 49.9 88.6 143.9 
576 35.31 3000 5125 0.1 1950 75000 2.005 1.0SE-02 21.22 96.75 67.45 0 66.2 291 
577 32.07 3000 5125 0.1 1950 75000 1.673 1.05E-02 23 .31 97.39 73.95 0 66 267.3 
576 22.81 3000 5125 0.1 1950 75000 2.64 1.04E-02 44.71 52.21 0 0 66.6 593.2 
579 -46.31 3000 5125 0.1 1950 3.026 9.51E-03 45.15 96.7-4 67.41 0 n .o 334.9 
560 35.95 3000 5125 0.1 1950 4.719 8.65E•03 40.35 -45.63 0 0 80.1 672.7 
561 42.08 3000 5125 0.1 1950 5.148 5.72E-03 72.-46 90.5' 5.35 0 121.1 627 
562 21.22 3000 5125 0.1 1950 2.261 9.84E-03 13.52 67.88 0 70.5 546 --563 56.81 3000 5125 0.1 1950 5.n2 7.JBE-03 35.61 86,69 0 93.9 520.7 
564 49.25 3000 5125 0.1 1950 2.802 6.74E-03 62.11 98.75 87.5 102.8 291 .6 
585 37.74 3000 5125 0.1 1950 1.744 1.88E-02 54.7 89.54 0 36.6 236.6 
588 39.62 3000 5125 0.1 1950 3.478 1.06E-02 56.24 86.88 0 65.2 449.9 
567 27.7-4 3000 5125 0.1 1950 75000 2.039 3.95E-03 76.8 9924 92.43 24.34 175.6 376.8 
568 38.66 3000 5125 0.1 1950 75000 1.681 7.0JE-03 59.99 99.24 92.37 23.66 96.6 222.9 
569 32.86 3000 5125 0.1 1950 75000 2.69 3.88E-03 69.65 99.05 90.46 4.57 176.7 419.6 
590 48.28 3000 5125 0.1 1950 75000 2.004 1.43E-02 33.89 96.89 68.88 0 48.5 212.7 



Simulation Paramete~ end Results: 10% lnwmlOry Case 

,,_.,., Required 
Required Sou-co Souroe 

Trneof Maximum Maximum Remaining Volume at or Fl.st Souroe Clea'lup Cleanup 
Maximum at Concentration Release Rate 1-D ca,t,on above Fixed Onie< Cleanup Percentage Percentage Abiotlc carnon 

Fixed Source Compliance Sou-co Strsamtube B~k Rate Longitudinal Percentage (50 µg/L (500µg/L Reaction Te lradlloride 
V-ly Concenlratio Bounda,y Duration Length Densty eon.tan, Oispersivlty (5""'- Compliance Compliance HalfTime Travel Time 

77.06 0 
51.95 93.85 38.47 235.1 
37.35 0 0 4382 
70.07 0 0 628.1 

595 3000 1 140 1950 25.76 93.08 30.8 164.8 342.4 
598 50.42 3000 1990 5125 0.1 1950 75000 37.39 98.8 88.0 1 0 200.3 442.9 
597 52.15 3000 850 1 5125 0.1 1950 75000 53.26 99.55 95.49 54.88 160.5 233.1 
598 27.0 1 3000 1400 5125 0.1 1950 75000 67.99 0 0 0 44.3 588.8 
599 40.02 3000 900 5125 0.1 1950 75000 85.12 98.85 88.4 5 84 249.3 
600 4 2.3 3000 1950 5125 0.1 1950 75000 29.42 97.43 7426 124.4 468 
601 34.69 3000 2390 5125 0.1 1950 75000 46.46 78.49 0 97.4 665.6 
602 44.43 3000 5125 0.1 1950 75000 38.04 95.91 59.06 0 92.2 415.5 
603 38.24 3000 5125 0.1 1950 75000 35.68 93.25 32.45 0 112.4 597.2 
604 34.5 3000 5125 0.1 1950 75000 46.62 94.6 46.02 0 47.6 251 .8 
605 48 .35 3000 5125 0.1 1950 75000 46 .18 99.58 95.78 57.83 135.4 184 
606 39.03 3000 5125 0.1 1950 75000 25.1 1 93.05 30.51 0 43.7 243.4 
607 51 .15 3000 5125 0.1 1950 75000 40.58 99.72 97.21 72.1 163 136.8 
608 40.63 3000 5125 0.1 1950 75000 70.71 91 .37 13.7 0 57.3 367 
609 24.53 3000 5125 0.1 1950 75000 54 .57 98 79.95 0 71.2 26<.2 
610 27.64 3000 5125 0.1 1950 75000 31 90 .72 724 0 54.1 326.9 
611 56.11 3000 5125 0.1 1950 75000 93.99 99.36 93.62 3623 123.5 245.2 
612 36.48 3000 5125 0.1 1950 75000 32 .02 97.07 70.69 0 144.6 492.2 
613 36.28 3000 5125 0.1 1950 75000 29.48 0 0 0 54.6 665.2 
614 32.7 3000 5125 0.1 1950 75000 41.51 45.38 0 0 942 7442 
615 54.1 3000 5125 0.1 1950 75000 45.52 99.7 96.98 69.83 167 144.2 
616 26.74 3000 5125 0.1 1950 75000 63.67 98.42 8421 0 81 274 
617 26.27 3000 5125 0.1 1950 75000 23.87 97.62 7622 0 69.7 271.8 
818 56.05 3000 5125 0.1 1950 75000 45.35 99.12 91 .24 12.37 68.3 166.1 
619 27.4 7 3000 5125 0.1 1950 75000 32.94 51 .21 0 73.6 661 .7 
620 25.91 3000 5125 0.1 1950 75000 34.07 71.37 0 64.3 495.1 
621 28.69 3000 5125 0.1 1950 75000 31.13 98.53 65.27 74.6 338.3 
622 59.58 3000 5125 0.1 1950 75000 38.46 6 1.91 55.2 474.1 
623 51 .31 3000 5125 0.1 1950 75000 46.58 99.7 97.05 70.48 166.7 138.5 
624 23.07 3000 5125 0.1 1950 75000 54.16 99.11 91 .14 11 .43 129.3 318.4 
625 28.4 3000 5125 0.1 1950 75000 54.3 98.21 82.12 0 114.7 365.8 
628 25.21 3000 5125 0.1 1950 75000 34.29 99.17 91 .74 17.38 117.3 274.9 
627 33.68 3000 5125 0.1 1950 75000 33.5 97.26 72.59 0 87.4 384.2 
628 47.13 3000 5125 0.1 1950 75000 24.98 97.67 76.73 0 78.1 306.3 
629 46.94 3000 5125 0.1 1950 75000 32.09 99.42 942 41 .98 1162 211 .1 
830 46.51 3000 5125 0.1 1950 75000 29.55 0 58.7 585.9 
631 32.4 3000 5125 0.1 1950 75000 73~2 88.78 59.8 387.8 
632 42.76 3000 5125 0.1 1950 75000 36.45 0 38.2 438.1 
833 34.92 3000 5125 0.1 1950 75000 16.55 95.01 50.06 70.1 349.2 
634 29.16 3000 5125 0.1 1950 75000 17.5 1 96.6 65.99 67.7 299.9 
835 25.37 3000 5 125 0.1 1950 75000 3.988 78.43 71 .16 0 106.3 801 .5 
838 34.58 3000 5125 0.1 1950 75000 3 .754 24.8 90.4 7 4.66 112.5 556.3 
637 53.11 3000 5125 0.1 1950 75000 3 .604 1.20E-02 79.54 90.08 0 .77 57.7 3-47.8 
838 60.03 3000 5125 0.1 1950 75000 2.91 9.20E--03 52.04 98.44 84.44 75.4 248.5 
639 29.76 3000 5125 0.1 1950 75000 3 .618 8.91E-03 66.67 67.63 0 n .8 823 ... 43.17 3000 5125 0.1 1950 75000 2.7 3.67E-03 78.3 99.36 93.64 36.41 169.1 320.6 
641 42.03 3000 5125 0.1 1950 75000 3.679 1.26E-02 41 .14 70.91 0 0 55 446.6 
642 21 .39 3000 5125 0.1 1950 75000 1.255 1.32E-02 62,44 92.96 29.59 0 52.6 300.6 
643 32.8 3000 5125 0.1 1950 75000 1.584 8.82E-03 27.16 98.6 1 86.13 0 78.6 244.4 ... 26.21 3000 0.9549 91.4206 5125 0.1 1950 75000 1.58 1.56E-02 47.51 84.04 0 0 44 309 
645 31.07 3000 29.388 136.6 1 5125 0.1 1950 75000 1.452 6.57E-03 55.68 9923 92.25 22.53 105.5 239.5 
846 43.05 3000 11.144 114 .41 5125 0.1 1950 75000 2.484 8.25E-03 48.75 98.29 82.89 0 84 295.8 
647 35.51 3000 2.5594 123.668 5125 0.1 1950 75000 4.17 6 .02E-03 64 .89 91 .95 19.47 11 5.2 602 
848 22.95 3000 0.0334 110.009 681 .77 5125 0.1 1950 75000 0 .1386 - 3.043 1.29E-02 21 .77 0 0 .. 679.4 
649 21 .25 3000 5 .354 142 .53 526.21 5125 0.1 1950 75000 0 .1497 - 2.023 7.04E-03 81 .91 95.56 55.63 98.4 487.8 



Simu&ation Parameters and Results: 10% lnvenlOf'y case 

Required Required 
Reqllred Sooo>, Soon,o 

r-~ I ~m~m I M-.m I I I I I I R-n~ lvd-,t~I I I I Fl™ I I &>no 

Cloanup Cleanup 
axirrum at Concenlration Release Rate 1-0 Carbon above Fixed Order Cleanup Percentage Peratnlage A.biotic Cstbon 

Fixed Source Compliance Compliance at Compliance SOlM'oe Source S1reamtube Base Bulk Telrachloride Source Rate Longitudinal Percent.age (SOl'g/L (500 1'9'l Reaction Telrachloride 
Velocity I Concenlralio I Boundary Boundary Boundary Rate Duration Length P~!)' Dens~ Source Conoenlrallon P~ !)' ~ Relardatio Constant Dispenivity (5 µgll.. Compliance Compliance Half Time Travel Time -- l I M M 

53.95 0 0 63.1 565.1 
97.98 79.76 0 86.6 323.9 
99.47 94.74 47.38 137.4 230.9 
99.53 95.28 52.82 126.9 195.8 
99.55 95.47 54.69 120.7 177 

655 42.59 3000 920 367.57186 17.1428 139.914 536.04 5125 0.1 1950 76000 1775000 0.0747 - 2.548 7.00E-03 89.97 98.64 66.4 0 99.1 306.6 
656 29.11 3000 1190 23.709232 0.9663 122.267 613.41 5125 0.1 1950 76000 1450000 0.1093 - 2.33 1.25E-02 27.51 78.91 0 0 55.6 41 0.3 
657 38.8 3000 690 594.987527 26.1629 131.916 566.54 5125 0.1 1950 76000 1625000 0.082 - 1.509 8.23E-03 29.64 99.16 91 .6 15.96 64.2 199.3 
656 22.72 3000 1760 0.253011 0.0122 144.475 519.12 5125 0.1 1950 76000 1662600 0.14 - 3.459 1.53E-02 56.64 0 0 0 45.4 780.1 
659 34.02 3000 1160 53.695349 2.0478 114.41 655.54 5125 0.1 1950 76000 1312500 0.0935 - 2.795 1.10E-02 91 .71 90.69 6 .66 0 62.8 421 
660 25.66 3000 2100 24.482232 0.5644 71 .6152 104726 5125 0.1 1950 76000 650000 0.124 - 3.264 8.31E-03 54.63 79.58 0 0 63.4 652 
661 22.76 3000 1530 124.403457 4.281 103.236 726,49 5125 0.1 1950 76000 1125000 0.1398 - 2.468 5.91E-03 55.03 95.98 59.81 0 117.4 555.7 
662 46.65 3000 1980 1.827064 0.0674 110.748 677.21 5125 0.1 1950 76000 1250000 0.0679 - 4.534 1.67E-02 26.-49 0 0 0 4 1.6 496 
663 30.44 3000 1200 199.484539 5.8609 88. 1405 SS0.91 5125 0.1 1950 76000 667600 0.1045 - 2.048 8 .07E-03 24.5 97.49 74.94 0 85.9 344.7 ... 41 .1 3000 960 68.410835 2.9617 129.879 577 .46 5125 0.1 1950 76000 1587500 0.0774 - 2.319 1.36E-02 22.94 92.69 26.91 0 51 289.2 
665 30.5 3000 990 20.188499 0.8463 125.755 596.4 5125 0.1 1950 76000 1512500 0.1043 - 2.18 1.51E-02 49.83 75.23 0 0 46.1 366.4 
666 22.72 3000 1530 55.350933 2.8762 155.889 481 .11 5125 0.1 1950 76000 2067600 0.1• - 2.556 6.76E-03 31.9 90.97 9.61 0 102.5 576.6 
667 24.34 3000 2690 0.663566 0.0269 91 .4206 820.38 5125 0.1 1950 76000 937500 0.1307 - 3.703 1.13E-02 21 .09 0 0 0 61 .6 779.7 
668 60.6 3000 770 893.212006 46.7837 157.131 477.31 5125 0.1 1950 76000 2112500 0.0525 - 2.473 5.88E-03 35.88 99.44 94.4 44.02 116 209.1 
669 36. 15 3000 2080 37.271832 2.4044 193.528 387.54 5125 0.1 1950 76000 2887500 0.088 - 4.238 6.06E-03 45.03 86.59 0 0 114.4 600.8 
670 48.42 3000 2420 53.869808 2.8989 161 .44 464.57 5125 0.1 1950 76000 2200000 0.0657 - 5.156 5.94E-03 32 .42 90.72 7 .18 0 116.7 545.7 
671 22.37 3000 1160 78.205809 3.8999 149.602 501 .33 5125 0.1 1950 76000 1962500 0.1422 - 2.105 7.76E-03 38.35 93.61 36.07 0 69.3 462.3 
672 30.89 3000 1660 34.886194 1.534 131.916 566.54 5125 0.1 1950 76000 1625000 0.103 - 3.038 8.93E-03 20.03 85.67 0 0 77.6 604.1 
673 39.28 3000 800 271.529914 13..3095 147.05 510.03 5125 0.1 1950 76000 1912500 0.081 - 1.406 1.36E-02 59.67 98.16 81 .59 0 60.9 183.5 
674 21.45 3000 780 162.702997 8.2792 135.945 551.69 5125 0.1 1950 76000 1700000 0.1483 - 1.357 8.77E-03 2 1.65 97.26 72.63 0 79 324.2 
675 22.05 3000 600 35.392079 1.6968 143.828 521 .46 5125 0.1 1950 76000 1650000 0.1443 - 1.532 1.32E-02 44 .87 85.87 0 0 52.5 356 
676 53.47 3000 730 286.343522 13.542 141 .878 528.62 5125 0.1 1950 76000 1812500 0.0595 - 2.264 1.18E-02 89.41 98.25 82.54 0 56.9 217 
677 23.37 3000 1600 0.408849 0.013 95.4399 785.84 5125 0.1 1950 76000 1000000 0.1361 - 2.905 1.SOE-02 31 .52 0 0 0 43.3 638.8 
676 44.25 3000 1160 582.996403 15.8164 81 .3886 921 .51 5125 0.1 1950 76000 787500 0.0719 - 2.199 6 .56E-03 27.2 99.14 91 .42 14.24 105.7 254.7 
679 39.13 3000 2190 4.314606 0.1195 83.1021 902.5 5125 0.1 1950 76000 812500 0.0813 - 4.386 1.32E-02 37.1 0 0 0 52.7 574.4 
660 5 1.81 3000 1190 13.307335 0.5941 133.938 559.96 5125 0.1 1950 76000 1662600 0.0614 - 3.452 1.77E-02 39.6 62.43 0 0 39.2 341 .4 
661 25.64 3000 1380 286.22614 8 .0098 83.9523 893.36 5125 0.1 1950 76000 625000 0.1241 - 2.297 5.46E-03 85.16 98.25 82.53 0 126.9 459.2 
682 28.28 3000 1120 10.378588 0.3703 107.025 700.77 5125 0.1 1950 76000 1187500 0.1125 - 2.157 1.58E-02 37.75 51 .82 0 0 43.9 390.8 
663 26.91 3000 1370 3.522061 0.1386 118.014 635.52 5125 0.1 1950 76000 1375000 0.1182 - 2.546 1.51E-02 27.64 0 0 0 45 .9 .... , 
664 51.9 3000 1620 91 .659353 3 .7141 121 .563 616.96 5125 0.1 1950 ·76000 1437500 0.0613 - 4.155 8 .35E-03 45.43 94.55 45.45 0 63 4 10.3 
685 57.63 3000 1000 639.974865 17.5455 82.2476 911 .88 5125 0.1 1950 76000 600000 0.0552 - 1.973 9 .16E-03 66.76 99.22 92.19 21 .87 75.7 175.4 ... 25.84 3000 3350 12.218353 0.-4142 101 .701 737.46 5125 0.1 1950 76000 1100000 0.1231 - 4.158 6.42E-03 14.95 59.08 0 0 106 824.6 
667 50.34 3000 450 459.05366 19.5596 127.626 586.74 5 125 0.1 1950 76000 1550000 0.0632 - 1.187 1.59E-02 60.86 98.91 89.11 0 43.7 120.9 
666 41 .32 3000 1090 116.415663 6 .9353 178.72 4 19.65 5125 0.1 1950 76000 2562500 0.077 - 3.087 8.16E-03 72.89 95.71 57.05 0 65 383 
669 39.47 3000 850 124.388329 5.3851 129.879 577 .46 5125 0.1 1950 76000 1587500 0.0606 - 2.042 1.25E-02 35~1 95.98 59.8 0 55.3 265.1 
690 27.35 3000 1730 67.296068 1.8641 83.1021 902.5 5125 0.1 1950 76000 812500 0.1163 - 3.096 7.30E-03 81.26 92 .57 25.7 0 95 580.4 
691 62.0 1 3000 91 0 602.908935 19.4989 97.024 773 5125 0.1 1950 76000 1025000 0.0513 - 2.273 9.01E-03 76.88 99.17 91 .71 17.07 n 187.9 
692 25.61 3000 920 343.515326 10.9284 95.4399 785.84 5125 0.1 1950 76000 1000000 0.1242 - 1.387 8.04E-03 50.62 98.54 85.44 0 66.2 277.6 
693 27.08 3000 1230 114.013527 2.7565 72.5304 1034.05 5125 0.1 1950 76000 662500 0.1175 - 1.683 1.06E-02 33.18 95.61 56.15 0 65.2 318.5 
694 28.66 3000 920 10.456653 0.4479 128.512 583.6 5125 0.1 1950 76000 1562500 0.111 - 1.984 1.76E-02 47.2 52.18 0 0 39.4 354.6 
695 48.42 3000 3030 182.981164 5.4765 89.788 835.3 5125 0.1 1950 76000 912500 0.0657 - 5.355 4.12E-03 22.27 97.27 72.67 0 168.5 566.7 
696 36.74 3000 1410 85.004942 3.2005 11 2.952 664 5125 0.1 1950 76000 1287500 0.0666 - 3.08 8.68E-03 48.33 94.12 41 .18 0 79.9 429.7 
697 22.69 3000 700 132.836575 7.6016 171.675 436.87 5125 0.1 1950 76000 2412500 0.1402 - 1.498 9.72E-03 63.81 96.24 62.36 0 71 .3 338.3 
698 33.24 3000 2570 105.417938 4.9855 141 .878 528.62 5125 0.1 1950 76000 1812500 0.0957 - 4.448 3.54E-03 49.91 95.26 52.57 0 195.8 665.7 
699 28.58 3000 1030 393.738265 17.8422 135.945 551.69 5125 0.1 1950 76000 1700000 0.1113 - 2.185 5.18E-03 71 .8 98.73 87.3 0 133.9 391 .7 
700 21.31 3000 1260 Q.50028 0.3646 115.135 651.41 5125 0.1 1950 76000 1325000 0.1493 - 2.294 1.19E-02 63.16 47.37 0 0 58.2 551 .7 
701 -41 .75 3000 610 726.512455 15.982 65.9946 1136.MI 5125 0.1 1950 75000 575000 0.0762 - 1.545 7.57E-03 29.07 99.31 93.12 31.1 8 
702 30.63 3000 830 129.234557 4.8972 113.682 659.73 5125 0.1 1950 76000 1300000 0.1032 - 1.663 1.23E-02 77.47 96.13 61.31 0 
703 28 .53 3000 2060 65.28758 2.0248 93.0387 806.12 5125 0.1 1950 75000 962600 0. 1115 - 3.-423 6.31E-03 46.11 92.34 23.-42 
704 24.42 3000 850 194.431813 12.1045 186.767 401.57 5125 0.1 1950 75000 2737500 0.1303 - 1.789 7.-43E-03 32.47 97.43 7428 
705 34.n 3000 1640 3.580436 0.1-442 120.657 620.57 5125 0.1 1950 75000 1-425000 0.0915 - 4.382 1.29E-02 67.75 0 0 
708 28.61 3000 1010 10.559756 0.4499 127.826 586.74 5125 0.1 1950 76000 1550000 0.1112 - 2.236 1.61E-02 59.92 52.65 0 o1 43.il 400.6 
707 -41 .69 3000 1000 272.0381 27 8.2161 90.6061 827.76 5125 0.1 1950 76000 926000 0.0763 - 2.103 1.02E-02 96.19 98.16 81 .62 0 68.2 258.5 
708 22.65 3000 1310 200.739297 7.4105 110.748 677.21 5125 0.1 1950 76000 1250000 0.1392 - 2. 133 5 .82E-03 36.31 97.51 75.09 O! 119.~ 476.4 



Simulation PNameters and Results: 10% lnvento,y Case 

Requn,d Required 
Required Soua, Soun,, 

Time of Maxim.Jm Maxmum Remaining Voll.fflftator ""' Soua, Cleanup ctea...., 
Maxim.Jmat Concentration Release Rate 1-0 Camon above Fixed On!O< c~..,._,, Pen::enlage Percentage Ablotic Can,oo 

Fixed Source Compliance Compliance a t Compliance Sou,.,, Sou,.,, Streamtube .... B~k Tetrachloride Soun,e Rate Loogltucffnal Percentage (50j.ig/L (500µg/L Reaclion Tetrachloride 

V-ty Conoentralio Bounda,y Bounda,y Bouoda,y Rate Duration Length Poro,ity Oemty Soun,, Concentration Porosity Kd Relardatio eon,""'' OispeBlvtty (51'Q/L Compliance Compllanoo HalfTlme TravelTime 

Realization ·-~- ,,_, (y) /"a/LI .... ,, '"•M (•I /ml tm3/m1 /Kolm~ /Kai lm31 tm3/m') (m3/Kol n 11/vl /ml r-iar<e I I M M 
709 54-29 3000 1800 149.468205 4.3914 88.1405 850.91 5125 0.1 1950 75000 887500 0.0586 - 4.731 6.88E-03 80.79 96.65 66.55 0 100.8 "'6.6 
710 33.52 3000 760 47.24564 2.130,4 135.278 554.42 5125 0.1 1950 75000 1687500 0.0949 - 1.754 1.66E-02 50.99 89.42 0 0 41 .7 266.1 
711 25.03 3000 1420 1 5.5522 132.592 565.65 5125 0.1 1950 75000 1637500 0.1271 ...... 2.563 5.89E-03 52.88 96.02 602 0 117.7 5.28.8 
712 28.79 3000 1170 0.4642 122.968 609.91 5125 0.1 1950 75000 1462500 0.1 105 - 2.33 1.44E-02 29.12 55.85 0 0 48.1 414.8 
713 25.68 3000 2500 0.0283 125.062 599.7 5125 0.1 1950 75000 1500000 0.1239 - 4.198 1.lSE-02 40.79 0 0 0 60.4 837.8 
714 27.93 3000 750 1 6.7221 131.239 571.48 5125 0.1 1950 75000 1612500 0.1139 - 1.479 1.13E-02 3626 96.75 67.46 0 61 .4 271 .3 
715 24.93 3000 560 27.8384 183.34 409.06 5125 0.1 1950 75000 2662500 0.1276 - 1.204 7.71E-03 26.56 96.9 89.02 0 90 247.5 
716 22.53 3000 640 4.5536 181 .037 414.28 5125 0.1 1950 75000 2612500 0.1412 ...... 1.325 1.25E-02 23.92 93.37 33.74 0 55.5 301 .4 
717 62.36 3000 670 1 48.6907 123.668 606.46 5125 0.1 1950 75000 1475000 0.051 - 1.665 6.97E-03 75.19 99.58 95.77 57.67 99.5 136.8 
718 32.46 3000 1510 0.0816 148.966 503.47 5125 0.1 1950 75000 1950000 0.096 ...... 2.947 1.68E-02 10.71 0 0 0 41,4 465.3 
719 30.64 3000 11 10 1 5.0521 

I~~ 
5125 0.1 1950 75000 1550000 0.1059 - 2.507 8.TOE-03 90.4 95.78 57.83 0 85.5 427.8 

720 32.76 3000 1220 2.3321 5125 0.1 1950 75000 1612500 0.0971 - 2.678 1.02E-02 .S.01 90.62 621 0 68 418.8 
721 22.87 3000 1290 4.0019 452.64 5125 0.1 1950 75000 2287500 0.1391 ...... 2.396 6.80E-03 52 .63 93.1 30.99 0 102 536.9 
722 24.23 3000 680 1 47.9871 643.34 5125 0.1 1950 75000 0.1313 - 1.534 2.78E-03 56.12 99.6 95.95 59.51 249.8 324.6 
723 42.59 3000 1220 1.513 1 613.41 5125 0. 1 1950 75000 0.0747 - 2.996 1.31E-02 38.17 86.53 0 0 52.8 360.5 
724 42.7 3000 1000 3.0302 627.93 5125 0.1 1950 75000 0.0745 - 2.339 1.34E-02 15.2 93.43 34.31 0 51 .6 280.7 
725 47.27 3000 1360 34.488296 1.3236 651.41 5125 0.1 1950 75000 0.0673 - 3.321 1.l2E-02 28.01 85.5 0 0 52.6 360 
726 22.64 3000 2370 59.640742 2.0371 731.92 5125 0.1 1950 75000 0.1405 - 3.291 • 37.59 91 .62 16.16 0 138 744.9 
727 24.93 3000 2170 9.269881 02269 1021.24 5125 0.1 1950 75000 0.1276 - 3.06 26.95 46.06 0 0 70.2 633.2 
728 27.96 3000 710 553.54963 16.5674 89. 88 835.3 5125 0.1 1950 75000 0.1138 - 1.23 31 .07 99.1 90.97 9.67 91 .3 225.4 
729 21 .85 3000 1050 117.8096651 5.3647 136.61 549.01 5125 0.1 1950 75000 0,1456 - 1.846 30.42 95.76 57.56 0 89.8 433 
730 37.3 3000 11 00 9 38.102 125.062 599.7 5125 0.1 1950 75000 0.0653 - 2.42 3.57E-03 32 .14 99.45 94.53 45.3 194.3 332.5 
731 35.83 3000 2200 1 3.3355 58.1021 1290.83 5125 0.1 1950 75000 0.0688 - 3.556 5.98E-03 45.92 97.1 70.97 0 115.9 506.7 
732 30.13 3000 2090 0.1398 114.41 855.54 5125 0_1 1950 75000 0.1056 - 4.128 1.11E-02 54.76 0 0 0 62.5 702.2 
733 32.66 3000 810 

3:11 1363 ~:~~I 462.82 5125 0.1 1950 75000 0.0968 - 1.949 1.61E-02 24.52 81.73 0 0 43 304 
734 25.66 3000 1980 773 5125 0.1 1950 75000 0.123 - 3.355 1.17E-02 41 .31 0 0 0 59 664.6 
735 27.76 3000 980 253.823525 12.7112 499.21 5125 0.1 1950 75000 0.1146 - 2.06 6.63E-03 47.04 98.03 80.3 0 104 .5 380.3 
736 21 .67 3000 1240 26.053276 0.8357 779.35 5125 0.1 1950 75000 0.1468 - 2.055 1.09E-02 64.14 80.81 0 0 83.5 466 
737 27.43 3000 1560 15.22124 0.4216 902.5 5125 0.1 1950 75000 812500 0.11 6 - 2.981 ~- 84.65 67.15 0 0 59.3 557.1 
736 33.84 3000 1430 23.704919 1.3659 433.88 5125 0.1 1950 75000 2437500 0.094 - 3.684 88.81 78.91 0 0 75.8 557.6 
739 42.53 3000 1430 545.283291 23.4829 580.51 5125 0.1 1950 75000 1575000 0.0748 - 3.252 3. 42.49 99.06 90.83 8.3 184.8 391 .9 
740 26.51 3000 2000 43.646896 1.2824 850.91 5125 0.1 1950 75000 887500 0.12 - 3.256 7. 49.96 88.54 0 0 97.5 629.4 
741 30.8 3000 1200 121.295044 6.669 441.46 5125 0.1 1950 75000 2375000 0.1033 - 2.613 7. 40.67 95.88 58.78 0 96.9 434.9 
742 24.99 3000 1930 2.686482 0.1063 631.7 5125 0.1 1950 75000 0.1273 - 3.22 1.16e.02 33.1 0 0 0 60 660.3 
743 29.51 3000 1240 38.266636 1.2275 779.35 5125 0.1 1950 75000 0.1078 - 2.391 1.17E-02 56.4 66.93 0 0 59.5 415.2 
744 22.69 3000 1010 0.5317 439.92 5125 0.1 1950 75000 0.1402 - 2.015 1.JSE-02 35.77 46.56 0 0 51.2 455 
745 47.62 3000 660 7.6596 677.21 5125 0.1 1950 75000 0.0668 - 2.039 1.26E-02 34.46 97.59 75.9 0 54.9 219.4 
746 29.84 3000 1920 0.0208 510.03 5125 0.1 1950 75000 0.1006 - 3.749 1.SSE-02 32.23 0 0 0 44.7 643.9 
747 37.04 3000 560 166.898 449.38 5125 0.1 1960 75000 0.0859 - 1.363 6.22E-03 34.72 99.47 94.68 46.84 111.5 168.6 
746 29.76 3000 2060 154.641 464.99 5125 0.1 1950 75000 0.1069 - 3.633 1.40E-02 19.59 0 0 0 49.5 625.7 
7'9 21.88 3000 1190 119.44 627.93 5125 0.1 1950 75000 0.1454 - 1.973 8.0SE-03 28.48 93.96 39.61 0 86.1 462.2 
750 61 .18 3000 3900 130.56 574.45 5125 0.1 1950 75000 0.052 ...... 8.393 1.14E-02 24 .68 0 0 0 60.9 703.1 
751 29.24 3000 1260 .-4 .2353 .-4252 5125 0.1 1950 75000 2512500 0.1088 - 2.641 7.86E-03 37.91 93.06 30.59 0 88.2 463 
752 28.46 3000 980 12 .0601 726.49 5125 0.1 1950 75000 1125000 0.11 18 - 1.733 7.08E-03 40.16 98.57 85.73 0 97.9 3122 
753 54.95 3000 9 10 9.9793 721.16 5125 0.1 1950 75000 1137500 0.0579 - 2.275 1.16E-02 51 .07 98.26 82.63 0 59.6 212.2 
754 42.93 3000 2620 1.096 686.4 5125 0.1 1950 75000 1225000 0,0741 - 5.269 6.99E-03 42.75 83.36 0 0 99.2 629 
755 37.17 3000 800 700.77 5125 0.1 1950 75000 0.0656 - 1.498 6.13E-03 60.79 99.43 9425 42.52 113.2 206.6 
756 27.01 3000 1640 737.46 5125 0.1 1950 75000 0.1178 - 1.903 1.48E-02 44.96 76.6 0 0 46.8 361.1 
757 29.65 3000 11 00 785.84 5125 0.1 1950 75000 0.1073 - 1.99 4.56E-03 71.24 9924 92.44 24.43 152 343.9 
756 31.69 3000 950 1 813.17 5125 0.1 1950 75000 0.1004 - 1.557 3.12E-03 60.14 99.64 96.39 63.87 222.5 251 .9 
759 27.33 3000 650 5.8151 462.82 5125 0.1 1950 75000 0.1164 - 1.502 1.28E-02 81 .6 1 95.36 53.55 0 54.4 281 .6 
760 59.8 3000 2210 11 .9348 624.22 5125 0.1 1950 75000 0.0532 - 4.681 4.80E-03 13.62 96~2 83.22 0 144.3 418.3 
761 21 .37 3000 1830 0.279152 0.0099 106.273 705.73 5125 0.1 1950 75000 0.1489 - 2.949 1.54E-02 37.62 0 0 0 45 707.5 
762 28.76 3000 1170 292.735676 10.7345 110.009 681.77 5125 0.1 1950 75000 0.1106 - 2_34 

I 
82.81 9629 82.92 0 119.5 416.9 

783 47.55 3000 810 432.353257 20.1641 139.914 536 .04 5125 0.1 1950 75000 0.0669 - 2.295 70.16 96.84 88.44 0 84.4 247.3 
764 22.66 3000 840 78.096083 3.4692 133.266 562.78 5125 0.1 1950 75000 0.1403 - 1.541 33.13 93.6 35.98 0 83.9 346.4 
765 30.59 3000 1610 11.340333 0.4352 115.135 651.41 5125 0.1 1950 75000 1325000 0.104 - 2.944 20.49 55.91 0 0 56.4 493.3 
766 27.62 3000 1830 63.109975 2.3298 110.748 677.21 5125 0.1 1950 75000 1250000 0.1152 - 3.056 64.34 92.08 20.77 0 96.2 567.2 
767 32.3 3000 1420 7.802703 0.3253 125.062 599.7 5125 0.1 1950 75000 1500000 0.0985 - 3.407 74 .55 35.92 0 0 52.2 540.6 



Si!T'Uak>n P...-neters and Ruut:&: 10% ll"IYIN"llory C8se 

_.., 
Required 

Required S<uce """""' rmeof Maxirrum ....,.,...,, Remaining Voltffleator ""' S<uce Ciean<4> Clea"'-" 
Maxim.Ima! Concentration ReleaH Rate 1-0 Camon above Fixed ""'"' C~anup Percentage Pen:::entage Ablo1fo Cart,on 

AxedSouree Compliance Compl~na, a1 Compllance S<uce Soun,o Streamtube .... Bulk Tetrachloride Sooree Ra10 Longitudinal ·-.... (50µg/L (500µg/L Reaction Tetrachloride 
Volod~ Coooentratlo Boonda,y Bounda,y Bounda,y Rate Duration L..-.0, Porosity Dens~ Sou,ce Concentration Porosity Kd RelafdaUo Constant Olsperalvity (5µgn.. Compliance Compliance Half Time Travel Time 

Realization Im/vi n 1man_1 (Y) ''"'''-' IKnM /Kn/vi (y) Cml (m,/m~ (Kolm' ) (Ka) (m3) (m,/m~ '{m31Kn\ n (1/y) 1ml r""""=•' l l M M 
768 24.01 3000 1000 25.756961 1.0132 118.014 635.52 5125 0.1 1950 75000 1375000 0.1325 - 1.806 1.31E-02 3' .88 80.59 0 0 53.1 385.4 
769 26.31 3000 1000 10.232248 0.5548 162.661 461 .08 5125 0.1 1950 75000 2225000 0.1209 - 2.259 1.44E--02 56.61 51 .13 0 0 48.3 440.1 
770 26.35 3000 710 280.802447 13.5835 145.121 516.81 5125 0.1 1950 75000 1875000 0.1122 - 1.536 8.88E--03 59A7 96.22 82.19 0 76 2n.9 
771 60.71 3000 960 756.316265 24.4603 97.024 m 5125 0.1 1950 75000 1025000 0.0524 - 2.392 6.96E--03 30."5 99.3' 93.39 33.69 99.6 201.9 
772 21 .45 3000 1620 108.193762 3.4991 97.024 773 5125 0.1 1950 75000 1025000 0.1483 - 2.502 5.78E--03 61 .17 95.36 53.79 0 119.9 597.7 

.JB -4~-64 3000 1100 35.978815 1.4999 125.062 599.7 5125 0.1 1950 75000 1500000 0.147 - 1.96 1.03E--02 50.03 66.1 0 0 67.6 464.2 
m 30.33 3000 2170 134.357337 4.0579 90.8081 827.76 5125 0.1 1950 75000 925000 0.1049 - 3.7 4.70E--03 59.21 96.26 62.79 0 147.6 625.3 
775 21 .52 3000 2320 46.363661 1.7001 110.009 681 .n 5125 0.1 1950 75000 1237500 0. 1478 - 3.241 5.16E--03 43.6 69.22 0 0 134.4 nu 
~ ~ -13 3000 1010 142.468633 5.1537 108.522 691.1 5125 0.1 1950 75000 1212500 0.0536 - 2.729 1.35E--02 26.09 96.49 64.9 0 
m 62.38 3000 650 1563.501002 53.8032 103.236 726.49 5125 0.1 1950 75000 1125000 0.051 - 1.426 5.62E-03 59.3 99.88 96.8 68.02 
776 23.78 3000 1110 27.965321 0.9977 107.025 100.n 5125 0.1 1950 75000 1187500 0.1338 - 1.891 1.21E-02 30.84 82.12 0 0 57.4 
779 31 .44 3000 1230 165.611513 8.2566 149.602 501 .33 5125 0.1 1950 75000 1962500 0.1012 - 2.699 6 .36E--03 59.84 96.96 69.81 0 109.1 ... 
760 26.821 3000 2160 19.376919 0.9456 146.408 512.27 5125 0.1 1950 75000 1900000 0.1186 - 3.62 6.94E--03 39.91 ,.., 0 0 99.8 691.6 
761 4963 3000 680 884.816538 47.975 162.661 461.08 5125 0.1 1950 75000 2225000 0.0641 - 2.073 5.83E--03 68.42 99.43 94.35 43.49 118.9 214 
762 25.53 3000 1250 305.324793 13.8358 135.945 551 .69 5125 0.1 1950 75000 1700000 0.1246 - 2.288 4.91E-03 39,11 96.36 83.62 0 141 .3 "59.3 
763 23.27 3000 2440 114.086964 4.127 108.522 691.1 5125 0.1 1950 75000 1212500 0.1367 - 3.205 4.39E--03 16.37 95.62 56.17 0 158.1 705.7 
784 43.76 3000 2920 63.634302 1.7446 82.2476 911 .88 5125 0.1 1950 75000 600000 0.0727 - 4.956 6.39E-03 19.76 92.14 21 .43 0 108.5 560.7 
785 35.71 3000 1040 306.7042 11 .4728 112.22 686.33 5125 0.1 1950 75000 1275000 0.0891 - 2.264 7.35E-03 54.35 98.37 83.7 0 &4.3 325 
766 59.35 3000 590 1163.813207 51 .6989 133.266 562 .78 5125 0.1 1950 75000 1850000 0.0536 - 1."55 7.62E-03 42.35 99.57 95.7 57.04 91 125.7 
767 39.82 3000 440 1116.199483 55.4251 148.966 503.47 5125 0.1 1950 75000 1950000 0.0799 - 1.194 6.47E--03 25.69 99.55 95.52 55.21 107.1 153.7 
786 46.04 3000 1210 147.n51s1 7.1166 144.475 519.12 5125 0.1 1950 75000 1862500 0.0691 - 3.087 8.BOE--03 31.47 96.62 66.16 0 78.7 343.7 
789 23.92 3000 850 600.089377 23.175 115.858 647.34 5125 0.1 1950 75000 1337500 0.133 - 1,467 5.27E--03 62.27 99.17 91 .67 16.68 131 .6 314 .3 
790 28.89 3000 730 905.120507 36.6764 121.563 616 .96 5125 0.1 1950 75000 1437500 0.1101 - 1.294 5.29E--03 40.92 99.45 94.48 44.76 131 .2 229.5 
791 21 .69 3000 2270 14.102537 0.4817 102.47 731 .92 5125 0.1 1950 75000 1112500 0.1467 - 3.565 6.92E--03 69.43 84.55 0 0 100.1 842.5 
792 32.5 3000 1"50 3.631511 0.1402 115.858 647.34 5125 0.1 1950 75000 13375001 0.0979 - 3.686 1.53E--02 84.24 0 0 0 45.2 578.5 
793 22.36 3000 1410 1.972188 0.0818 124.366 603.06 5125 0.1 1950 75000 1487500 0.1423 - 2.642 1.42E--02 56.57 0 0 0 46.7 6058 
7&4 30.1 3000 1360 19.155436 0.9389 147.05 510.03 5125 0.1 1950 75000 1912500 0.1057 - 2.997 1.07E--02 58.78 73.9 0 0 85 510.3 
795 41 .05 3000 1530 246.825538 10.7418 130.56 574.45 5125 0.1 1950 75000 1600000 0.0775 - 3.589 4.76E-03 67.09 97.97 79.74 0 145 446 
796 26.8 3000 1260 11 .68255 0.4427 113.682 659.73 5125 0.1 1950 75000 1300000 0.1196 - 2.373 1.31E--02 33.42 57.2 0 0 52.9 457.2 
797 24.80 3000 2590 6 .860553 0.1802 78.7839 951 .97 5125 0.1 1950 75000 750000 0.1278 -- 3.&4 8.52E--03 49.68 27.12 0 0 81 .3 811 .3 
706 26.3 3000 1200 362.088494 10.8371 89.788 635.3 5125 0.1 1950 75000 912500 0.1124 - 2.036 5.'6E-03 46.58 96.62 86.19 0 116.3 369.1 
799 ,._., 3000 1330 43.453069 2.3117 159.8 469.92 5125 0.1 1950 75000 2162500 0.1067 - 3.036 8.28E--03 76.41 88.49 0 0 63.8 521.8 
600 22.82 3000 1070 155.368094 4.9639 96.2335 779.35 5125 0.1 1950 75000 1012500 0.1394 - 1.727 8. 17E-03 70.53 96.78 67.82 0 .... 387.9 
601 36.11 3000 1100 73.678322 2.2652 92.2314 813.17 5125 0.1 1950 75000 950000 0.0881 - 2.361 1.27E--02 87.19 93.21 32.14 0 54.7 335.1 
602 27.28 3000 1670 100.04644 8 .0374 181 .037 414.28 5125 0.1 1950 75000 2612500 0.1167 - 3.175 4.65E-03 81 .63 95 50.02 0 

,.. 
596 9 

603 46.56 3000 900 121.315945 6 .101 150.869 497.12 5125 0.1 1950 75000 1987500 0.0683 - 2.63 1.18E--02 53.85 95.68 58.79 0 56.9 289.4 ... 20.21 3000 1440 n.999724 2.2443 92..2314 813.17 5125 0. 1 1960 75000 950000 0.1089 - 2.522 8.90E-03 35.51 93.15 31 .51 
605 31.62 3000 1300 411 .060471 13.6165 99.3762 754.71 5125 0. 1 1950 75000 1062500 0.1006 - 2.511 4.99E--03 62.73 98.78 67.64 
806 33.1 3000 870 586.865418 21.0831 107.775 695.9 5125 0.1 1950 75000 1200000 0.0961 - 1.659 6.54E-03 55.88 99.15 91 .48 14.8 
607 50.1 3000 950 103.676604 4 .322 125.062 599.7 5125 0.1 1950 75000 1500000 0.0635 - 2.551 1.35E--02 30.5 95.18 51 .77 0 
606 31.22 3000 920 45.717968 2.1222 139.257 538.57 5125 0.1 1950 75000 1762500 0.1019 - 2.118 1.30E--02 51 .14 69.06 0 0 
609 32.1 3000 1090 253.03675 7.6422 90.6061 827.76 5125 0.1 1950 75000 925000 0.0991 - 2.015 8.18E--03 66.26 96.02 60.24 0 84.8------rn-.il 
610 44.56 3000 1420 37.010115 1.6524 133.938 559.96 5125 0.1 1950 75000 1662500 0.0714 - 3.329 1.18E--02 20.66 86.49 0 0 56.6 382.9 
611 40.79 3000 2260 35.164584 1.57 133.938 559.96 5125 0.1 1950 75000 1662500 0.078 - 5.167 6 .41E-03 68.81 85.78 0 0 108.2 649.2 
612 24.4 3000 740 303.179873 18.4121 182.19 411 .66 5125 0.1 1950 75000 2637500 0.1304 - 1.602 6.96E-03 35.18 96.35 83.51 0 99.5 ~::1 813 35.59 3000 530 734.766818 42.7702 174.628 429.49 5125 0.1 1950 75000 2475000 0.0894 - 1.31 7.53E-03 27.69 99.32 93.2 31 .95 92 
814 26.91 3000 2360 21 .133736 1.1715 166.296 451 5125 0.1 1950 75000 2300000 0.1182 - 4.022 5.75E-03 51 .65 76.3' 0 0 120.5 765.8 
815 33.17 3000 1040 219.844861 6 .818 93.0387 806.12 5125 0.1 1950 75000 962500 0.0959 - 1.6&4 9.27E-03 36.9 97.73 77.26 0 74.8 292.6 
816 57.12 3000 930 203.13423 10.4286 154.016 ...... 5125 0.1 1950 75000 2050000 0.0557 - 3.001 1.03E--02 51.85 97.54 75.39 0 67.3 269.3 
817 21 .29 3000 1090 41 .306885 1.3359 97.024 773 5125 0.1 1950 75000 1025000 0.1494 - , .... 1.11E--02 84.89 87.9 0 0 62.3 434.1 .,. 66.62 3000 1190 531 .353567 15.6112 88.1405 850.91 5125 0.1 1950 75000 667500 o.osn - 2.665 6.83E~ ~ ! -15 99.06 90.59 5.9 101 .4 265.6 

819 -i3.76 3000 770 245.402585 12.496 152.781 490.96 5125 0.1 1950 75000 2025000 0.1339 - 1.562 7.66E-03 62~ 97.96 79.83 D ... 341 .3 
820 32.33 3000 1660 83.364451 3 .11>94 115.135 651.'1 5125 0.1 1950 75000 1325000 0.0964 - 3.365 6.51E-03 32.88 .. 40.02 0 106.5 536.5 
821 35 3000 930 840.502618 31.4404 112.22 668.33 5125 0.1 1960 75000 1275000 0.0909 - 1.99 4.51E--03 83.6 99.41 94.05 40.51 153.7 _ 291 .5 
822 33.74 3000 610 132.109302 6 .0451 137.274 546.35 5125 0. 1 1950 75000 1725000 0.0943 - 1.639 1. 16E--02 33.64 96.22 62.15 0 59.8 279.4 
823 25.31 3000 ... 46.236236 1.7521 113.682 659.73 5125 0.1 1960 75000 1300000 0.1257 - 1.487 147E~ 47.59 89.19 0 0 47.3 301.1 .,. 37.6 3000 610 864.589672 44.9265 155.889 481 .11 5125 0.1 1950 75000 2087500 0.0846 - 1.537 6.11E-03 76.18 99.42 .. .,, 42.17 11 3.5 209.5 
825 52.24 3000 2750 3.006805 0.1494 148.966 503.47 5125 0.1 1950 75000 1950000 0.0609 - 6.029 1.17E-02 24.9 0 0 0 59.2 591.5 
826 47.!.7 3000 1600 5.654269 0.2832 _ 150.23& 499.21 5125 0.1 1950 75000_ 19750001 0,0667 - 5.302 _1_._43E--02 ~ -65_ 11 .57 0 0 46.3 569.7 



Simuialion Parame1&~ and Results: 10% lnvenlory Case 

""""""' Required 
Required $oun,e Soun,e 

Time of Maxlm.Jm ...,mum Remaining VolLmeator Fht $oun,e Clean'P Cleanup 
Maxim.Jmat Concentration Release Rate 1-0 Camon above Fixed ""'"' Cleanup Percentage Percentage Ablolio cart>on 

Fixed Source Compliance Compliance at Compliance Sou,ce Soun,e Streamtube .... ·~· Tetradiloride Sou,ce Rate longitudinal Percentage (50 µg/1.. (500µg/L Reaction Tetradiloride 

Velocily Concentralio Bounda,y Bounda,y Bounda,y Rate Duration Length Porosity Demty $oun,e Coocentralion Pon::>sily Kd Retardatio Constant Olsperstvity (5µg/l Compliance Compliance Half Time Travel Time 

Realization lmM n '"'"" lvl 

~ 
M (ml (mi lm~ (Kolm'l (Kg} lmJI lm3fm3\ tml/Kal n 11M 1ml '"- """" l l M M 

827 63.5 3000 2040 599.7 5125 0.1 1950 75000 ;:= - 5.995 1.15E-02 49.45 69.36 0 0 60.1 483.9 
828 52.67 3000 670 423.8 5125 0.1 1950 75000 - 2.236 1.12E-02 55.31 98.31 83.05 0 62.1 217.6 

829 32.86 3000 1440 884 .45 5125 0.1 1950 15000 0.0974 - 2.555 9.19E-03 30.36 ..... 44.64 0 75.4 400.9 
830 21 .66 3000 1390 497.12 5125 0.1 1950 75000 0.1469 ...... 2.382 2.97E-03 69.85 98.7 87 0 233.7 563.7 
831 25.91 3000 2000 72537 1.7573 609.91 5125 0.1 1950 75000 0.1228 - 3.266 38 .99 88.34 0 0 108.7 646.1 

832 43.7 3000 600 

227.4556...1 

43.7359 514.53 5125 0.1 1950 75000 0.0728 - 1.44 23 .65 99.44 94.45 44.45 96.5 168.9 
833 31.1 3000 1060 2.546 624.22 5125 0.1 1950 75000 0.1023 - 2.147 25.16 92 .13 21 .35 0 6 1.2 353.9 
834 60.71 3000 1240 13.6483 695.9 5125 0.1 1950 15000 1200000 0.0524 - 3.88 7825 98.88 86.84 0 105.2 310.7 
835 31.78 3000 1010 11 .4866 495.05 5125 0.1 1950 75000 2000000 0.1001 - 2.16 12 .55 97.8 78.02 0 92.4 346.3 
836 23.19 3000 760 114.537277 5.1902 551.69 5125 0 .1 1950 75000 1700000 0.1372 - 1.475 70.92 95.63 56.35 0 64.9 326 
837 25.72 3000 650 76.262017 4.0728 468.12 5125 0.1 1950 75000 21750001 0.1237 - 1.399 52 .49 93.44 34.44 0 50 278.8 

838 40.53 3000 2700 13.87651 5 0.3008 115323 5125 0.1 1950 75000 562500 0.0785 - 4.593 1.0tE-02 25.54 63.97 0 0 69 580.8 
839 38.99 3000 1210 284.300531 8.6636 820.38 5125 0.1 1950 75000 937500 0.0816 - 2.523 7.56E-03 60~3 98.24 82.41 0 91 .7 331 .7 
840 29.7 3000 1240 401 .636672 182892 549.01 5125 0.1 1950 15000 1712500 0.1071 - 2.489 4.47E-03 45.73 98.76 87.55 0 155.2 429.4 
841 28.56 3000 1380 36.292275 1.5877 571 .48 5125 0.1 1950 15000 1612500 0.1114 - 2.658 9.64E-03 33 .77 86.22 0 0 71.9 477 
842 30.66 3000 1220 46.444656 1.8601 62422 5125 0 .1 1950 75000 1412500 0.1037 - 2.4 11 1.09E-02 27 .12 8923 0 0 63.9 402.8 

843 47.48 3000 650 549.114289 27.4989 150236 49921 5125 0.1 1950 75000 1975000 0.067 - 1.744 9.17E-03 28.34 99.09 90.89 8.94 75.6 188.2 

844 25.07 3000 800 168.622665 7.1848 127.826 586.74 5125 0.1 1950 75000 1550000 0.1269 - 1.454 9.82E-03 16.63 97.03 70.35 0 70.6 297.2 
845 29.98 3000 1600 14.55111 

II 
655.54 5125 0.1 1950 75000 

.0.1061 - 3.558 1.04E-02 84 .02 65.64 0 0 66.9 608.2 
846 21 .94 3000 800 576.650414 447.76 5125 0.1 1950 15000 0.145 - 1.55 4.61E-03 28.12 99.13 91 .33 1329 150.2 362.1 
847 24.03 3000 2200 11 .118005 721 .16 5125 0.1 1950 75000 0.1324 - 3.263 8.36E-03 29.98 55.03 0 0 82.9 696 
848 31 .85 3000 1660 93.136322 481.11 5125 0.1 1950 75000 0.0999 - 3.422 60.5 94 .63 46.32 0 125 550.7 

849 23.97 3000 2410 9.038307 624.22 5125 0.1 1950 75000 0.1327 - 3.522 30.03 44.88 0 0 89.5 753 
850 26.16 3000 920 22.B22n1 505.63 5125 0.1 1950 75000 9375001 0.1216 - 2.043 64.16 78.09 0 0 5 1.1 400.1 
851 32.97 3000 2130 102.178TT1 691 .1 5125 0.1 1950 75000 0.0965 - 3.832 46 .31 95.11 51 .07 0 133 595.8 
852 26.06 3000 1850 1.301251 715.92 5125 0 .1 1950 75000 0.1221 - 3.481 53 .38 0 0 0 50.3 664.8 
853 24.82 3000 2220 10.047549 0.2952 88.1405 850.91 5125 0.1 1950 75000 0.1292 - 3.484 45.94 5024 0 0 79.5 720.9 
854 35.35 3000 690 659.578349 28.8541 131.239 571 .48 5125 0.1 1950 75000 0.09 - 1.485 57 .74 99.24 92.42 24.19 96.1 215.3 
855 43.88 3000 1620 67.34029 715.92 5125 0.1 1950 75000 50000 0.0725 - 3.476 22.88 92.58 25.75 0 71 .7 406 
856 30.41 3000 1070 615.625877 631 .7 5125 0.1 1950 75000 1387500 0.1046 - 2.108 40.48 99.19 91 .88 18.78 152.7 355.3 
857 44.43 3000 720 263.17593 51 4.53 5125 0.1 1950 75000 1887500 0.0716 - 1.937 45.65 98.1 81 0 61 .1 223.4 

858 38.95 3000 830 921 .51 5125 0.1 1950 75000 0.0861 - 1.655 16.14 98.82 68.19 0 53.1 229.5 
859 61 .77 3000 1100 168.099 446.17 5125 0.1 1950 75000 0 ,0515 - 3.914 77.89 96.14 61 .43 0 74 324.7 

660 48.51 3000 940 95.4399 785.84 5125 0.1 1950 75000 0.0664 - 1.971 57.4 99 .32 93.17 31 .66 103.5 2172 
861 26.64 3000 1410 119.44 627.93 5125 0.1 1950 75000 0.1194 - 2.562 82.38 98.n 87.16 0 180.3 492.9 
862 23.53 3000 810 651 .41 5125 0.1 1950 75000 0.1352 - 1.347 41 .41 94 .58 45.58 0 58.2 293.5 
863 33.38 3000 1100 49.473862 528.62 5125 0.1 1950 75000 0.0953 - 2.442 293 89.89 0 0 60.5 374 .9 
864 21 .n 3000 1070 48.210801 596.4 5125 0.1 1950 75000 0.1461 - 1.971 66.12 89.63 0 0 71 .4 483.9 
865 25.25 3000 1190 231.410656 1047.26 5125 0.1 1950 75000 0.126 - 1.544 03 24 .71 97 .84 78.39 0 83.2 313.5 
866 40.02 3000 1620 351.000978 15.7493 557.17 5125 0.1 1950 75000 0.0795 - 3.365 -03 23.47 98.58 85.76 0 153.1 431 
867 28.13 3000 2020 24.630389 1.2799 481.11 5125 0.1 1950 75000 0.1131 - 3.437 03 28.74 79.7 0 0 96 626.2 
888 32.66 3000 1620 95.709402 4.9535 155.266 483.04 5125 0.1 1950 75000 0.0974 - 3.123 22.86 94.78 4 7.76 0 104.1 490 
869 31.59 3000 900 621.710935 28.7225 138.597 541.14 5125 0.1 1950 75000 0.1007 - 2.048 711.96 992 91 .96 19.58 145.4 332.2 
870 22.44 3000 910 41 .80442 1.9313 138.597 541.14 5125 0.1 1950 15000 0.1418 - 1.676 2 29.9 88.04 0 0 59.6 382.8 
871 24.83 3000 1870 1.646672 0.0675 122.968 609.91 5125 0.1 1950 75000 0.1281 - 3.473 02 53.1 0 0 0 56.3 716.8 
an 27.1 3000 1120 37.462961 1.7472 139.914 536.04 5 125 0.1 1950 15000 0.1174 - 2.163 

I 
22 86.65 0 0 62.9 41 2.9 

873 27.96 3000 1240 65.146157 2.0552 94.6429 792.45 5125 0.1 1950 75000 0.1138 - 2.226 47.73 92.32 23.25 0 66.6 408.1 
874 27.5 3000 1260 5.324666 0.1819 102.47 731.92 5125 0.1 1950 15000 0.1157 - 2.398 42.95 6 .1 0 0 43.5 447 
875 26.44 3000 1320 0.701647 0.0414 176.972 423.8 5125 0.1 1950 75000 0.1203 - 3.12 63.89 0 0 0 40.8 804.7 
816 30.8 3000 880 451.210448 20.5467 136.6 1 549.01 5125 0.1 1950 15000 0.1033 - 1.856 28.71 98.89 88.92 0 110.9 308.9 
8TT 23.85 3000 1380 137.041022 5.6811 124.366 603.06 5125 0.1 1950 75000 0.1334 - 2.312 27 .84 96.35 63.51 0 109.7 496.9 
878 30.21 3000 590 • 3.0424 182.19 411 .66 5125 0.1 1950 75000 0.1053 - 1.482 44.21 90.02 0.19 0 40.5 251 .4 
879 23.39 3000 740 10.5249 157.131 4TT.31 5125 0.1 1950 75000 0.136 - 1.507 51.22 97.51 75.12 0 81 .4 330,1 
880 57.42 3000 2590 0.6508 71 .6152 104726 5125 0.1 1950 75000 0.0554 - 6.007 44.62 81 .66 0 0 11 536.1 
881 35.23 3000 960 7.4908 143.828 521.46 5125 0.1 1950 75000 0.0903 - 2.239 32.37 96.8 66 0 73.7 325.7 
882 23.2 3000 1530 0.5614 120.857 620.57 5125 0.1 1950 75000 0.1371 - 2.945 83.46 64 .12 0 0 72.9 650.4 
883 56.51 3000 920 117.637183 5.7662 147 .05 510.03 5125 0.1 1950 75000 1912500 0.0563 - 2.924 48.97 95.75 57.5 0 53.3 265.2 
884 44.19 3000 2 170 0.602961 0.0277 137.937 543.73 5125 0 .1 1950 75000 1737500 0.072 - 5.536 1 02 44.3 0 0 0 42.1 642.1 
865 24.59 3000 1450 24.2TT373 0.6446 79.6568 941 .54 5125 0.1 1950 75000 762500 0.1294 - 2.164 1. 2 24.85 79.4 0 0 61 .8 451 .1 



Slmuiation Paramet&B and Re$Uls: 10% lnvenlofy Case 

Requ<>d Required 
Required Saum, Sc,.,rn, 

r-d I ~~~m I Mumm I I I I I IR-~ 1V-••~1 I I I A™ I , -· Cleanup Cleanup 
MaximJm at Concentration Release Rate 1-0 Carbon above Fb:ed Order Cleanup Percentage Percentage Abiotic carbon 

Flx&d Source Compliance Compliance at Compliance Souroe Source Streamtube Base Bulk Tetrachloride Source Rate Longitudinal Percentage (50µg/l. (500 µg/l Reaction Tetradiloride 
Velocity I Concentratio I Boundary Boundary Boundary Rate Duration Length P~osi_lY Dens~ Source c.oncentralion Porosl_ty Kd Relardalio Constant OisperB!vity (5 µg/l Compliance Compliance HatfTime Travel nme 

~"""" I l M M 
25.33 0 87.6 461.2 

~ 62.5-4 0 126 555.8 
888 .. 3000 1070 618.507984 22.9848 111.485 672.73 5125 0.1 1950 75000 1262500 0.0723 - 2.584 5.36E-03 6325 99.19 91.92 19.16 129.4 301 
889 21 .85 3000 1200 6.357583 0.265 125.062 599.7 5125 0.1 1950 75000 1500000 0.1456 - 2.13 1.35E-02 39.53 21.35 0 0 51.4 499.6 
890 23.48 3000 2240 33.823219 1.2981 115.135 651 .41 5125 0.1 1950 75000 1325000 0.1355 - 3.45 5.79E-03 51 .59 8522 0 0 119.7 753.1 
891 45.51 3000 840 113.103463 5.9006 156.51 479.2 5125 0.1 1950 75000 2100000 0.0699 - 2.341 1.30E-02 30.14 95.58 55.79 0 53.5 263.8 
892 31 .78 3000 620 186.003086 7.7539 125.062 599.7 5125 0.1 1950 75000 1500000 0.1001 - 1.187 U9E-02 40.84 97.31 73.12 0 46.5 191.5 
893 54.57 3000 890 1039.42406 34.4313 99.3762 754 .71 5125 0.1 1950 75000 1062500 0.0563 - 2.031 5.69E-03 59.02 99.52 95.19 51 .9 121.7 190.7 
894 41 .64 3000 610 250.11TT82 15.1416 181.614 412.96 5125 0.1 1950 75000 2625000 0.0764 - 1.745 1.19E-02 30.05 98 80.01 0 58.4 214.7 
895 35.15 3000 1010 95.660444 3.6017 112.952 884 5125 0. 1 1950 75000 1287500 0.0905 - 2.222 1.14E-02 51 .34 94 .n 47.73 0 60.8 323.9 
896 33.56 3000 1'°° 6.753102 0.2392 106.273 705.73 5125 0.1 1950 75000 1175000 0.0948 - 2.991 1.52E-02 43.35 25.96 0 0 45.7 456.8 
897 28.63 3000 2300 3.968588 0.2152 162.661 481 .08 5125 0.1 1950 75000 2225000 0.1111 - 3.911 9.38E-03 29.32 0 0 0 73.9 699.9 
898 23.43 3000 970 8.659516 0.4245 147.05 510.03 5125 0.1 1950 75000 1912500 0.1358 - 2.009 1.49E-02 57.93 4228 0 0 46.4 439.6 
899 33.31 3000 1760 10.474&42 0.4908 1-40.57 533.54 5125 0.1 1950 75000 1787500 0.0955 - 3.601 1.06E-02 37.42 52.27 0 0 65.3 553.9 
900 58.59 3000 2850 17.08425 0.7201 126.447 593.13 5125 0.1 1950 75000 1525000 0.0543 - 7.973 7.70E-03 70.51 70.73 0 0 90 697.4 
901 35.67 3000 1620 189.710228 6.2348 98.5952 760.69 5125 0.1 1950 75000 1050000 0.0892 - 2.993 6.54E-03 18.9 97.36 73.64 0 105.9 430.2 
902 22.39 3000 1160 203.413938 5.2824 77.906 962.7 5125 0.1 1950 75000 737500 0.1421 - 1.555 7.81E-03 40.44 97.54 75.42 0 88.8 358 
903 -40.32 3000 2480 162.973991 4.6066 84.7981 884.45 5125 0.1 1950 75000 837500 0.0789 - 4.732 4.26E-03 60.55 98.93 69.32 0 162.9 601 .4 
904 30.33 3000 880 20.936062 1.1181 160.215 488.12 5125 0.1 1950 75000 2175000 0.1049 - 2.157 1.SOE-02 56.52 76.12 0 0 46.1 364.5 
905 58.37 3000 1140 1526.587168 53.3084 104.76 715.92 5125 0.1 1950 75000 1150000 0.0545 - 2.973 2.52E-03 43.74 99.67 96.72 67.25 274.9 281 
906 38.28 3000 1570 192.463486 7.0575 110.009 681.TT 5125 0.1 1950 75000 1237500 0.0831 - 3.137 6.58E-03 22.18 97.4 74.02 0 105.3 419.9 
907 30.71 3000 710 302.202729 13.2203 131.239 571 .48 5125 0.1 1950 75000 1612500 0.1036 - 1.424 9.93E-03 43.85 98.35 83.45 0 69.8 237.7 
908 26.25 3000 1370 126.913252 4.8093 113.682 659.73 5125 0.1 1950 75000 1300000 0.1212 - 2.369 7.03E-03 25.33 98.06 60.6 0 98.6 462.6 
909 36.23 3000 2230 0.537053 0.0198 110.748 6TT.21 5125 0.1 1950 75000 1250000 0.0878 - 4.455 1.58E-02 3022 0 0 0 43.8 630.1 
910 37.96 3000 1650 469.582682 12.874 82.2476 911 .88 5125 0.1 1950 75000 800000 0.0638 - 3.045 4.58E-03 34.03 98.94 89.35 0 151 .5 411 .1 
911 31 .4-4 3000 2230 8.137254 0.1892 69.767 1075.01 5125 0.1 1950 75000 625000 0.1012 - 4.421 1.08E-02 79.06 38.55 0 0 64.2 720.7 
912 38.58 3000 2450 38.20438 1.1951 93.8425 799.21 5125 0.1 1950 75000 975000 0.0825 - 4.205 7.79E-03 18.44 86.91 0 0 89 558.9 
913 29.48 3000 1070 26.766302 0.9549 107.025 700.77 5125 0.1 1950 75000 1187500 0.1079 - 2.267 1.38E-02 77.21 81 .32 0 0 50.1 394 
914 24.12 3000 1300 236.360527 9.014 114.41 655.54 5125 0.1 1950 75000 1312500 0.1319 - 2.189 5.59E-03 32.75 97.88 78.85 0 124.1 465.1 
915 36.52 3000 690 383.990965 18.5751 145.121 516.81 5125 0.1 1950 75000 1875000 0.0871 - 1.653 9.12E-03 42 .67 98.7 86.98 0 76 231.9 
916 27.69 3000 1130 229.342158 9.4541 123.668 606.46 5125 0.1 1950 75000 1475000 0.1149 - 2.14 6.67E-03 30.95 97.82 782 0 103.9 396.1 
917 22.55 3000 1570 496.707893 17.2191 103.999 nus 5125 0.1 1950 75000 1137500 0.1411 - 2.374 3.24E-03 38.3 98.99 89.93 0 213.7 539.6 
918 48.5 3000 1990 21.06052 0.5714 81 .3886 921 .51 5125 0.1 1950 75000 787500 0.0656 - 4.929 1.14E-02 63 .39 76.26 0 0 60.8 520.9 
919 40.79 3000 720 944.861707 37.618 119.44 627.93 5125 0.1 1950 75000 1400000 0.078 - 1.467 6.34E·OJ 35.12 99.47 94.71 47.08 109.3 184.3 
920 24.23 3000 1280 16.861273 0.4623 82.2476 911 .88 5125 0.1 1950 75000 800000 0.1313 - 2.134 1.32E-02 71 .53 70.35 0 0 52.3 451 .3 
921 28.74 3000 1030 207.543021 6.9824 100.929 743.1 5125 0.1 1950 75000 1087500 0.1107 - 1.852 8.40E-03 39.34 97.59 75.91 0 82.6 330.2 
922 30.36 3000 1230 57.593428 2.1261 110.743 6n.21 5125 0.1 1950 75000 1250000 0.1048 - 2.651 9.91E·OJ 79.72 91 .32 13.18 0 69.9 4-47.6 
923 22.29 3000 1690 9.646659 0.4132 128.512 583.8 5125 0.1 1950 75000 1562500 0.1427 - 2.751 9.SSE-03 36.1 43.17 0 0 72.6 632.4 
924 33.1 3000 840 589.047399 20.7183 105.518 710.78 5125 0.1 1950 75000 1162500 0.0961 - 1.265 8.42E-03 30.34 99.15 91 .51 15.12 82.4 195.8 
925 23.64 3000 670 418.902069 25.92 185.628 404 .03 5125 0.1 1950 75000 2712500 0.1346 - 1.457 6.40E-03 52.12 98.81 88.06 0 108.4 315.9 
928 43.46 3000 1200 223.071392 11 .5451 155.266 463 .04 5125 0.1 1950 75000 2075000 0.0732 - 3.088 6.75E-03 44.61 97.76 77.59 0 102.7 364.1 
927 3623 3000 730 113.397544 5.3629 141 .878 528.62 5125 0.1 1950 75000 1812500 0.0876 - 1.798 1.37E-02 57.08 95.50 55.91 0 50.5 254.3 
928 44.87 3000 2840 12.091898 0.6383 158.368 473.58 5125 0.1 1950 75000 2137500 0.0709 - 6.229 7.23E-03 51 .49 58.65 0 0 95.9 711 .5 
929 21 .28 3000 1100 16.559145 0.6865 124.366 603.06 5125 0.1 1950 75000 1487500 0.1495 - 1.856 1.22E-02 24.27 69.81 0 0 57 4-47.1 
930 63.12 3000 1070 282.165615 7.8162 83.1021 902.5 5125 0.1 1950 75000 812500 0.0504 - 2.373 1.25E-02 17.43 98.23 82.28 0 55.4 192.6 
931 32.23 3000 730 536.729357 23.8426 133.266 562.78 5125 0.1 1950 75000 1650000 0.0987 - 1.539 7.17E-03 38.55 99.07 90.68 6.84 98.6 244.7 
932 31 .41 3000 930 73.229226 3.7269 152.761 490.96 5125 0.1 1950 75000 2025000 0.1013 - 2.29 1.08E-02 74.45 93.17 31.72 0 64.3 373.7 
933 28.95 3000 1000 5.713062 02637 148.966 503A7 5125 0.1 1950 75000 1950000 0.1099 - 2.343 1.63E-02 302 12.48 0 0 42.6 414.8 
934 24.34 3000 690 205.65435 8.1878 119.4-4 627.93 5125 0.1 1950 75000 1400000 0.1307 - 1.296 9.92E-03 14.27 97.57 75.69 0 69.9 2n.9 
935 21.61 3000 760 56.176236 1.8316 97.8112 766.78 5125 0.1 1950 75000 1037500 0.1472 - 1.287 1.33E-02 16.97 91 .1 10.99 0 52 .3 305.2 

~ ----)2.:.~ _ 3000 1770 32.343658 1.4728 136.61 549.01 5125 0.1 1950 75000 1712500 0.1408 - 2.861 6.91E-03 41 .56 84.54 0 0 100.4 648.9 
37.25 3000 1490 3.58925e 0.2061 172.268 435.37 5125 0.1 1950 75000 2425000 0.0854 - 3.977 1.43E-02 62.66 0 0 0 48.4 547.1 

938 25.19 3000 1010 454.249482 17.1028 112.952 884 5125 0.1 1950 75000 1287500 0.1263 - 1.753 5.38E-03 26.07 98.9 88.99 0 128.8 356.6 
939 27.33 3000 1050 10.005136 0.3767 112.952 664 5125 0.1 1950 15000 1287500 0.1164 - 2.168 1.60E-02 SIU 50.03 0 0 43.4 406.5 
940 21.34 3000 740 73.233872 3.7597 154.016 486.96 5125 0.1 1950 75000 2050000 0.1491 - 1.385 1.14E-02 20.38 93.17 31 .73 0 60.8 332.6 
941 44.12 3000 1000 348.110195 11 .3749 98.5952 760.69 5125 0.1 1950 75000 1050000 0.0721 - 2.213 8.85E-03 57.38 98.58 85.55 0 78.3 257.1 
942 61 .06 3000 2160 154.932312 4.3356 83.9523 893.36 5125 0.1 1950 75000 825000 0.0521 - 5.68 5.86E-03 69.76 96.77 67.73 0 118.3 476.7 
943 26.1 3000 1440 2.184568 0.087 119.4-4 627.93 5125 0.1 1950 75000 1400000 0.1132 - 3.061 1.56E-02 57.22 0 0 0 44.5 558.1 
944 42.91_ _ =LOQO 770 _6.!6.:.35~3 ___ 2~-4489 109.267 686.4 51?5 _~0~.1 ~ - - ~ - 1225000 _ 0.0741 - 1.507 9.00E-03 47 .62 99.19 91.89 18.88 n .1 179.8 



Simuiation Paramel&rs and Results: 10% lnvenlory Case 

Requ;n,d Required 
Required "°""" Sou""' 

Tmeof Maximum Maxmum F'nl So<.,ce Cleam.<> Clea...., 
Maximum at Concentration Release Rate 1-0 (),de, c~.,.., Percentage Percentage Abiotlc camon 

Axed Source Compliance Compliance at Compliance Soun,e - Streamtube ·~· Tetr&c:hloride .. ,. LonglludlNII Percentage (SOµg/1.. (500 µg/l Reaclion Tetrachloride 
V-ly Concentratio 

_,,, 
Bounda,y Bounda,y Rale Duration Long1h Oen,!y "°""" Constant Dispe<5Mty (5""'1- Compliance Compliance HalfTlme Travel Time 

Realization 1 """" 9'5 0 0 41 .3 504.1 ... 89.'8 0 66.5 406.9 
947 92.53 25.32 80.3 482.5 .... 99.5 94.95 49.51 94.1 151 .8 
949 0 0 0 61 .7 692.1 
950 9825 82.53 0 132.3 387.7 
951 50.18 0 0 41 .9 394.4 

952 62.47 0 0 85.7 621 .5 
953 5125 75000 8.5.12 0 0 882 '55.1 
95' 5125 75000 99.'5 94.49 44.89 187.2 326.1 
955 5125 75000 99.08 90.75 7.51 10U 285.8 
958 5125 0.1 75000 83.09 90.86 8.83 0 952 512.5 
957 5125 0.1 75000 67.42 8628 0 0 49.2 342.6 
958 53.74 5125 0.1 1950 75000 82.52 98.85 68.52 0 ... , 250.3 
959 211.4 5125 0.1 1950 75000 98.66 88.6 0 102.1 310.5 
980 40.27 5125 0.1 1950 75000 99.32 93.18 3 1.76 181 ,9 350.8 
981 22.59 3000 541 .14 5125 0.1 1950 75000 97.37 73.74 0 141.9 547.6 
982 28.35 3000 647.34 5125 0.1 1950 75000 89.29 0 0 107.8 661 .3 
983 22.08 3000 4 1829 5125 0.1 1950 75000 98.88 88.8 0 106.9 298.4 ... 45 3000 760.69 5125 0.1 1950 75000 96.89 88.88 0 73.8 206 
985 22.09 3000 528.62 5125 0.1 1950 75000 97.43 74.34 0 93.7 381 .6 
986 80.83 3000 6 16.96 5125 0.1 1950 75000 98.61 86 .08 0 42.9 135.1 
967 36.69 3000 565.65 5125 0.1 1950 75000 96.31 83.13 0 132.1 419.9 
986 31 .22 3000 820.38 5125 0.1 1950 75000 33.29 0 0 58.8 597.8 
969 53.47 3000 62422 5125 0.1 1950 75000 14 .64 98.19 81JM 0 85.4 228.3 
970 41 .37 3000 5'3 .34 5125 0.1 1950 75000 43.52 42 .4 0 66.2 800.5 
971 51 .56 3000 79921 5125 0.1 1950 75000 36.81 99.49 94.94 49.4 128.1 208.8 
972 32.36 3000 554.42 5125 0.1 1950 75000 27.92 97.17 71 .68 0 80.7 339.8 
973 35.87 3000 5125 0.1 1950 75000 37.83 66.99 0 62.6 416.7 
074 49.17 3000 5125 0.1 1950 75000 23.07 94.18 41 .78 0 81 .5 422 
075 5122 3000 5125 0.1 1950 75000 53.54 99.1 90.97 9.72 .... 235.5 
978 33.02 3000 5125 0.1 1950 75000 25.82 96.n 87.71 0 72 210.5 
977 22.14 3000 5125 0.1 1950 75000 60.45 97.92 79.16 0 123.9 456.8 
978 29 3000 5125 0.1 1950 75000 66.96 74.24 0 0 87.1 669.3 
979 37.47 3000 5125 0.1 1950 75000 43.93 99.43 9427 42.72 142.4 258J 
980 51 .23 3000 5125 0.1 1950 75000 61 .82 99.34 93.4 34.02 84.3 172.2 
981 22. 11 3000 5125 0.1 1950 75000 3a 90.42 423 148.3 778.7 
982 33.59 3000 5125 0.1 1950 75000 4324 52 .59 0 5'.8 510 
983 24.21 3000 5125 0.1 1950 75000 50.7 98.5' 85.42 88.3 284.2 
984 44.62 3000 5125 0.1 1950 75000 29.59 98.8 87.99 0 73.1 212.8 
985 55.52 3000 5125 0.1 1950 75000 38.4' 99.38 93.61 36.15 113.7 225.2 
966 37.52 3000 5125 0.1 1950 75000 72.32 96.8 68.0 1 0 60 277.3 
987 25.89 3000 5125 0.1 1950 75000 98.83 86~1 1'8.1 4364 ... 24.82 3000 5125 0.1 1950 75000 56.42 0 57.2 502.1 
989 29.7 3000 5125 0.1 1950 75000 96.85 68.53 68.4 288.8 
990 31 .5 3000 5125 0.1 ~ 18.7 0 80"J° 779.8 
991 28.4 3000 5125 0.1 1950 98.86 88.59 102.3 286.6 
992 30.82 3000 528.62 5125 0.1 1960 99.84 96.41 64.11 237.3 284 
993 47.98 3000 624.22 5125 0.1 1950 99.48 94.62 46.17 ... 184.8 
994 57.95 3000 528.62 5125 0.1 1950 96.76 67.58 0 44.1 196 
995 38.84 3000 551 .69 5125 0.1 1950 31.25 59.17 0 38.8 333.1 ... 28.48 3000 551 .69 5125 0.1 1950 1.741 39.05 97 .84 76.43 79.2 313.2 
997 40.07 3000 760.69 5125 0.1 1950 2.289 28.92 97.65 76.47 74,1 292.8 ... 23.79 3000 688.33 5125 0.1 1950 1.5'8 30~ 98.18 81 .79 94~ 333.5 ... 44.81 3000 464.57 5125 0.1 1950 3.905 39.29 49.8 0 51.3 448.8 

1000 32.9 3000 471 .74 5125 0.1 1950 75000 1.439 802 99.59 95.91 59.14 169.9 224. 1 



Simulation Parametws and Reaults: 30% lnYenlOl'y C.se 

RIK!Und RIK!Und RIK!Und 
r-o1 .....,._m ......,..m 

M8Jml1,.mat Cono.-nration ReluMRate 

FixfldSource
1 
I (;ompliance ~ et Compliance 

Realiulio I Velocity Concentration Boundary .,......, -~ lmM •~ ") Iv\ , ..• , N•M 

RemannQ I Voll.me at Of 
1-0 C.tbon atiov. F"11ted 

Source I Source StrumbJb BaM Bulk Tetf'8Ctbide Source 
Duration I e Length I Po~alty I Densty I Source Concentra tion 

lm3J 

- ....... "°""" Cleanup Cllanup Cleanup Abiotic 
Per01ntage Percentage Percenta~ Reaction Carbon 

(5 l<Qll. (50 11gJL (500 11gJL Half nme Tetrachloride 
Compliance) ComplianoeJ Compliance { Travel rime 

58.91 3000 2880 20.884307 0.8 1462500 0.054 4.SOE-04 5206 1.2-.::-02 26.S 76.06 0 0 55.8 453.1 
22.15 3000 3950 4.97586 0.1 

~ 
4~ 
5 45.25 

525000 0.1438 5.26E-04 2.853 123E-02 76.~ 
1737500 0.1045 2.01E-04 1.975 1.04E-02 55A 
2375000 0.1384 1.93E-04 1,704 5.00E-03 35.33 

225000 962500 0.0703 UOE-04 4 .023 1.02E.o2 63."8 

·1 - ·1 -- -r 5621 ... 95.78 57.79 0 66.7 332.4 
98.93 89.3 0 138.6 379.8 
91.75[ 17.53J O] 67.8/ -- 45S.6 

6 35.04 3000 0.1 1950 225000 2150000 0.0908 5.19E-04 3.891 6.07E-03 48.82 95.92[ 59.181 01 114.2/. - ·- 569.2 
7~9..:_'.13 ,____,!!lQ!l 
8 49.32 3000 

0.1 1950 225000 1512500 O.OS38 2.52E-04 3.363 8.53E-03 33 
0.1 1950 225000 1237500 0.0645 5.92E-04 5.636 9.74E-03 44."8 ~~I 82-~J ~I ~~~r·-- ~:!, 

9 26.53 3000 0.1 1950 225000 1337500 0.1199 3.81E-04 2.608 1.02E.OZ 62.53 85.18[ 01 01 68.11 503.7 
10 29.57 3000 0.1 1950 225000 1200000 0 .1076 5.07E-04 3.384 3.45E-03 39.84 98.85[ 88.51j O[ 201.21 586.6, 
11 28.48 3000 0.1 1950 225000 1950000 0.1118 3.95E-04 2.788 5.27E-03 29.73 s1.aa1 --·- 1,u11 1 - - -or- ;31~s1-- sou 
12 21.41 3000 0. 1 1950 225000 700000 0 .1486 1.17E-04 1.399 8.58E-03 42.84 97.31 13_05J --- 01 80:er--334.8 
13 62.5 3000 0.1 1950 225000 1862500 0 .0509 6.74E-04 7.691 1.36E.OZ 49.38 14.13I - · · 01 --~--·-so·.e~ 
" 28.87 3000 0.1 1950 225000 1250000 0.1 102 6.~-04 4.027 7.91 E-03 33.57 74 .73I 01 ----· -· 01 e:1.11- --1-,,--:-s 
15 ., 3000 0.1 1950 225000 1387500 O.OTT6 4.97E-04 4.236 1.04E-02 47.28 82.49I · of 61 · 67 1 529.6 
16 37.83 3000 0.1 1950 225000 1350000 0.0641 1.65E-04 1.989 3.20E-03 55.5 99.61I · --96.111 -61~2f - 216.6~ 
17 59.24 3000 0.1 1950 225000 1875000 0.0537 1.SOE-04 2.697 6.33E-03 41.22 99.3[ 93.021 30.2] 109:si- - 2-j:fl 
18 52.5 3000 0. 1 1950 225000 1387500 0.0606 1.94E-04 2.617 1.12E-02 39.63 97.521 15.1&! oJ 62.2:f-- - - ·255~5 
19 29.59 3000 0. 1 1950 225000 1712500 0.1075 3.26E-05 1.153 9.82E-03 41 .91 98.86J 88.55! - --·01 10:6~ 
20 21 .8 3000 0.1 1950 225000 2737500 0.1473 2.621:-04 1.901 1.28E-02 42.14 65.86] 01 01 54.21 -- 451 
21 31.69 3000 0.1 1950 225000 2200000 0.1004 5.94E-04 3.~ 6.88E-03 37.29 89.911 OI OJ 100.7/-- 645:iJ 
22 26.1 3000 5125 0.1 1950 225000 1150000 0.1219 3.26E-04 2.352 1.18E-02 27.73 71 .711 OI Of S8.5] -- 46 1.8 
23 22.18 3000 5125 0.1 1950 225000 2100000 0. 1434 1.94E-04 1.682 9.48E-03 42.19 94.41 44.011 01 73.11 - 388,6 

" 28.87 3000 5125 0.1 1950 225000 1425000 0.1102 4.92E-04 3.258 4.93E-03 49.66 97.66! 76.571 O! 140.7j 578.4 
25 29 3000 5125 0.1 1950 225000 1462500 0.1097 5.47E-04 3.519 3.73E-03 46.41 98."81 84.83[ 01 185.tij - 622 
26 n .16 3000 
27 .,.,. 3000 

5125 0.1 1950 225000 1075000 0.1398 7.66E-04 3.771 2.7tE-03 45.07 
5125 0.1 1950 225000 975000 0.0735 3.68E-04 3.53 9.45E-03 26.M :~1 :::1 ··----~1- ~:;1 ~~:; 

28 2HM 3000 5125 0.1 1950 225000 2637500 0.145 1.04E-04 1.361 1.121:-02 34.57 94.751 47.5J OJ 61.9f ___ jfl~ 
29 45.38 3000 5125 0.1 1950 225000 1575000 0.0701 1.10E-04 1.794 U6E-03 58.83 99.4[ --i4.03J ·-··40,3'1 - 10'7:3~ 
30 J.C.81 3000 5125 0.1 1950 225000 11 75000 0.0914 1.87E-04 2.034 1.66E-02 85.44 87.36[ O] OJ 41.8/ - 299.:. 
31 25. 11 3000 5125 0.1 1950 225000 975000 0.1267 3.59E-04 2.433 6.68E-03 67.25 96.57J 65.65] OJ 103.BJ --- 496) 
32 21.44 3000 
33 49.71 3000 

5125 0.1 1950 225000 1650000 0.1484 3.31E-04 2.126 1.37E-02 42.06 
5125 0.1 1950 225000 1537500 0.064 1.28E-04 2.015 9.28E-03 J.C.79 ~:~I 89.~I ~I ~:~,--- ~; ,. 31.n 3000 5125 0.1 1950 225000 1962500 0.1003 2.73E-04 2.374 8.34E-03 35.37 96.49[ 64.89j Oj 83.1] 383..5 

35 3~56 3000 5125 0.1 1950 225000 1662500 0.09TT 5.12E-04 3.&49 8.74E-03 36.93 84 .96 0 0 794 574.3 
36 46.92 3000 5125 0.1 1950 225000 1625000 0.0678 6.32E-04 5.714 UJE-03 83.15 97.n n .18 o 156.6 624 
37 55.81 3000 5125 0.1 1950 225000 1350000 0.057 6.59E-OS 1.584 8.64E-03 26.14 99.42 94.21 42.11 80.2 145.5 
38 29.79 3000 5125 0.1 1950 225000 1037500 0.1068 1.8 1E-04 1.858 5.53E-03 36.63 99.06 90.61 6.14 125.3 319.7 
39 24.51 3000 5125 0.1 1950 225000 1275000 0.1298 3.96E-04 2.543 1.39E-02 67.64 23.56 0 0 49.9 531 .7 
, o 23.9 3000 ., 31.91 3000 

5125 0.1 1950 225000 887500 0.1331 2.04E-04 1.775 8.~-03 52.06 
5125 0.1 1950 225000 937500 0.0997 2.8 1E-04 2A24 9.68E-03 83.34 

96.3 62.98 0 80.6 380.6. 
95.33 53.3 0 71.6 389.4 ., "·' 3000 5125 0.1 1950 225000 1750000 0.1233 3.921:-04 2.607 5.43E-03 23.41 97 . .46 74 .59 0 127.6 517.9 ., 31 .53 3000 5125 0.1 1950 225000 1325000 0. 1009 1.83E-04 1.915 1.00E-02 31 .71 96.63 66.34 0 69.3 311.2 .. 22.5 3000 5125 0.1 1950 225000 1487500 o. 1414 t .59E-04 1.569 u se.oz 87.64 92.07 20.74 0 58.1 357.5 .. 31 .94 3000 5125 0.1 1950 225000 1475000 0.0996 5.65E-05 1.287 1.13E-02 53.8 98.41 84.09 0 61 .6 206.5 

" 21.97 3000 5125 0.1 1950 225000 912500 0 .1«8 3.60E-04 2.256 6.121:-03 53.24 96.63 66.3 0 113.3 526.3 

" 24.28 3000 5125 0.1 1950 225000 1275000 0.131 3.41E-04 2.315 1.14E-02 39.66 n .85 0 o 60.9 438.5 .. 28.73 3000 5125 0.1 1950 225000 1325000 0.119 4.43E-04 2.88 7.07E-03 37.04 93.n 31.11 o 98 552.1 
<9 •~25 3000 
50 40.89 3000 

5125 0.1 1950 225000 1625000 0.0753 4.95E-04 A.325 5.65E-03 33.38 
5125 0. 1 1950 225000 2000000 0 .0778 2.90E-04 2.883 8.46E-03 54 .87 :~:~r--~~~r··- -7 --,-~::~~ 

~~7~ 3000 
3000 

5125 0.1 1950 225000 2800000 0.0936 5.16E-04 3.784 6.84E-03 74.18 
5125 0.1 1950 225000 1612500 0.0674 2.64E-04 2.98 7.67E-03 49.18 :.~r--:::~ ---~r-1~:!r==::: 

53 55.14 3000 5125 0.1 1950 225000 1387500 o.05n 1.30E-04 2.141 1.1se-02 73.5" 96.041 60.42J OJ 39.7J 199 ,. 22.22 3000 5125 0.1 1950 225000 1537500 0.1432 2.26E-04 1.797 7.61E-03 26.5 96.44 1 64.45J OJ 91.1J - 414.5 
55 25.n 3000 5125 0.1 1950 225000 1175000 0.1237 3.42E-04 2.397 8.43E-03 38.94 92.nr---21~~~ 
56 48.57 3000 5125 0.1 1950 225000 2012500 0.0655 4.11E-04 4.175 1.11E-02 35.94 87.01[ O[ Oj 62.5] 440.5 
57 45.58 3000 6125 0.1 1950 225000 2512500 0.0698 U17E-04 2A23 5.44E-03 81.1 99.32 93.2 32 127.5 
58 30.04 3000 5125 0.1 1950 225000 962500 0.1059 8.38E-04 4.045 5.87E-03 62.83 ·94.°se 45.62 o 118.1 
59 23.24 3000 S125 0.1 1950 225000 1987500 0.1369 3.10E-04 2.144 6.61E-03 68.12 97 .01 70.06 0 104.8 
60 33.56 3000 5125 0.1 1950 225000 2475000 0.0948 2.11E-04 2.125 1.t OE-02 88.57 95.97 59.67 0 63.2 
61 27.118 3000 5125 0.1 1950 22sooo n5000 0.11,49 3.27E-Oc 2.441 1.121:-02 65.36 0 0 0 40.2 451.8 
62 45.71 3000 5125 0.1 1950 225000 1612500 0.0696 6.82E-04 5.954 7.46E-03 33.26 84.84 0 0 92.9 667.6 
63 63 3000 5125 0.1 1950 225000 1562500 0.0505 U 6E-04 2.457 8.69E-03 30.09 99.09 90.92 9.17 79.8 199.9 .. 21 .52 3000 5125 0.1 1950 225000 3662500 0.1478 1.97E-04 1.673 1.23E-02 52.78 B"-6] 0[ 0] 56.8] 398.3 
65 2.4.66 3000 5125 0.1 1950 225000 1250000 0.129 3.99E-04 2.562 6.42E-03 52.21 96.061 - --·60.8J --··oJ 108]--·53:;z~-



Srnulltion P.....-net..-. and RNUlts: 30% lmentory Case 

- ........ . ....... 
r-"' Ma>dmum M- ·- VOUYMI at or .....,, .....,, .....,, 

MIW!TUTl • t Cono•ntnltion R .... MRale 1-0 Ca- ""°"'""'" Fnt<>do a.on.,, Clum,p a.on.,, -FiMK!Souroe ~~ ~ • l Complianot ...... """"" Strum._.b BaM ... To.- ...... ... ,..,......, - ._ ._ - ea.... 
Rulizatiol Velocity ! Concentration -~ ...... .,, -~ Rote Dwation oungth - °"''~ """"" """""""'"" - Kd C-tont - (5 .... (5011Qll (500,..it. H•Krrne Telr8Chloride 

) t,) (..all.I , .. ~ , .... M Im) lm1hn:i, N.~•\ !Ka) lm3l (m'lm~ (msn<a) Retatoaliof'I 111,1 /ml c-, Compliant») Complianot) M Trave!Trne{Y) 
3000 830 270.005206 "- 162.6609 1383.25 5125 0.1 1950 225000 2225000 0.0689 5.S2E-05 14-05 1.82E-02 n .91 98.15 81.48 0 42.8 156 
3000 2650 232.270419 7.8143 100.929 2229.29 5125 0.1 1950 225000 1087500 0.0639 ~99E-04 3.368 785E-03 21.89 ,,_ .. 78."7 0 .... 346.7 
3000 2590 12.~27 o ..... 2067108 1088.46 5125 0.1 1950 225000 3187500 0.1208 6.97E-04 3.918 8.11E-03 50.27 61 .11 0 0 85.5 762.5 

" 3000 1750 102.490738 4 ..... 137.27•3 1639.05 5125 0.1 1950 225000 1725000 0.0776 1.65E-04 2.075 1.42E-02 6'.47 95.12 51.22 0 48.9 259.5 
58.81 3000 2750 .,& ,108232 0.1816 132.592 1696.!M 5125 0.1 1950 225000 1637500 0.056 7.09E-04 ,, .. 1.71E-02 82."' 0 0 0 40.8 667.9 
25.31 3000 2290 0.757937 0.0337 133.2659 1688.35 5125 0.1 1950 225000 1650000 0.1257 4.88E-04 2.961 1.68E-02 45.79 0 0 0 412 599.6 
27.21 3000 3320 13.93595 0.,912 107.0251 2102.31 5125 0.1 1950 225000 1187500 0.1169 6.88E-04 3.975 8.47E-03 ..... 6'.12 0 0 81.8 748.6 
29.32 3000 3010 35.062035 1.0107 stun• 2601 .8-4 5125 0.1 1950 225000 '62500 0.1085 3.61E-04 2.682 9.99E-03 ~-5' 85.74 0 0 69.4 468~9 
48.04 3000 1520 393.79069 19.2181 1'6.'°82 1536.8 5125 0.1 1950 225000 1900000 0.0691 1.44E-04 2.054 9.13E-03 34.2' ... 73 87.3 0 75.9 228.6 
33.49 3000 650 450.832377 13.3696 88.9661 2529.05 5125 0.1 1950 225000 900000 0.095 5.29E-05 1282 9.81E-03 32.53 "·"' 88.91 0 70.6 196.1 
23.85 3000 2270 111.162875 5.1601 139.2566 1615.72 5125 0.1 1950 225000 ~ 82500 0.1334 4.34E-04 2 .... 8.26E-03 46.73 95.5 55.02 0 110.8 568.2 
43,!M 3000 1780 286.238735 13.9079 1•5.7654 1543.58 5125 0.1 1950 225000 1887500 0.0724 2.14E-04 2A93 8.38E-03 32'4 98.25 82.53 0 82.7 290.7 
2UI 3000 2400 236.326511 8.1926 103.999,4 2163.47 5125 0.1 1950 225000 1137500 0.1428 2.5'1E-04 U99 6.00E-03 33.34 97.88 78.&4 0 115.5 436.9 
25.57 3000 3100 0.568831 0.0173 914206 2461 .15 5125 0.1 1950 225000 137500 0.1244 5.00E-04 3.031 1.seE-02 20'4 0 0 0 .... 607.5 .. 2130 3000 2870 12'.269'59 • . ,021 106.2727 2117.2 5125 0.1 1950 225000 1175000 0.1487 6.02E-04 3.046 5.09E-03 93.26 ..... 59.76 0 136.1 730.2 

" 542 3000 2350 121.1,5357 5.2936 1~9684 1829.7.,& 5125 0.1 1950 225000 1462500 0.0567 3.50E-04 4.01' 9.35E-03 52.36 96.13 61.28 0 742 379.6 

" '3.28 3000 1330 1087.902467 .,&0.428-4 111.4852 2018.2 5125 0.1 1950 225000 1262500 ~0735 1.23E-04 1.843 4.71E-03 ~87 99.54 95A 54.04 147,1 218.2 

" 23.12 3000 2070 105.780098 6.21!M 176.3872 1275.6 5125 0.1 1950 225000 2512500 0.1376 4.14E-04 2.521 6.18E-03 19.9' 95.27 52.73 0 112.1 558.8 
~__p.33 3000 1960 22.78,4665 1.<M76 137.!066 1631 .18 6125 0.1 1950 225000 1737500 0.1425 ~85E-04 2.01 1.12E-02 31 .85 78.06 0 0 61.8 .,&61 .3 
85 32.17 3000 1530 8'-409913 3.9367 139.9143 1608.13 5125 0.1 1'50 225000 m5000 0.- 1.77E-Ot 1.002 1.22E-02 29.19 "'·"' <0.n 0 560 3031 .. 21n 3000 1930 79.601793 3.0677 1'5.7&5-t 1543.58 5125 0.1 1950 225000 1887500 0.1481 3.16E-04 2.094 7.IIE-03 47.8 93.n 37.19 0 87.9 .,&92.9 

" 3'-'' 3000 1540 12-3583"6 0.7022 170.4173 1319.75 5125 0.1 1'50 225000 23117500 0.0912 2.89E-04 2.001 1.SJE-02 99.18 59.53 0 0 37.8 382.2 .. 21 .n 3000 2610 0.65843 0.0261 118.n16 1 ..... 5125 ~1 1950 225000 1387500 014M 4.98E-04 2.719 U7E-02 20.n 0 0 0 472 &41 .7 
89 35.11 3000 2110 54.4857 15 2.8312 155.8885 14'3.34 5125 0.1 1950 225000 2087500 0.0906 , .18E-04 3.332 9.lOE-03 50.87 90.82 8.23 0 74.5 486.3 
90 27.31 3000 2530 242.72278 •-- tw.7991 2653.36 5125 0.1 1950 225000 037500 0.1165 ~06E-04 1.892 7.«E-03 54.23 97.9' 79A 0 932 355.1 

" 4U7 3000 2160 14.369474 7 137. 1631 .18 5125 0.1 1950 225000 1737500 00758 3.57E-04 3.361 ,.. 33.87 652 0 0 47.9 412.8 

" 33.28 3000 2070 90.91061 3.035 100.15"1 2246.54 5125 0.1 1950 225000 107!5000 00956 3.71E..(M 2.961 U1E-03 ,1.1 .. ~ .. 0 825 456 
03 58.37 3000 2030 262.1~ 104366 119.4396 1883.8 5125 0.1 1950 225000 1400000 00545 1.nE-Ot 2.6" 1.09E-02 31A ..... 80.93 0 635 232.1 .. "'·"' 3000 2220 1n.258966 6.611 115.13"9 195-4.23 5125 0.1 1950 225000 1325000 0.1445 2.79E-04 U75 6.62E-03 5".75 97.1 70.97 0 104. 459.8 
95 31.31 3000 1730 83.408631 1.9151 90.eoe1 2483.28 5125 0.1 1950 225000 025000 0.1016 U5E-04 1.n 1 U-SE-02 '2.93 92.11 21 .15 0 46.8 281 .8 .. 42.82 3000 710 355.247009 14.7269 124.3658 1809.18 5125 0.1 1950 225000 1487500 0.0743 3.66E-05 1'49 USE-02 75.81 96.59 85.93 0 46.7 149.5 ., 47.98 3000 3070 J0.380417 1&411 162.0511 1388.45 5125 0,1 1'50 225000 2212500 0.""3 5.65E-04 5.307 8.74E-03 26.21 '3.54 0 0 79.3 ,.._, .. ,. .. 3000 2990 108.665358 13366 93&425 2397.63 5125 0.1 1950 225000 175000 0.0818 4.70E-04 3.008 7.6'E-03 71 .09 95.31 53.12 0 907 514.9 .. 62.75 3000 2870 n.300271 2.5"11 103.9994 2163.47 5125 0.1 1950 225000 1137500 0.0507 • . 04E-Ot 5.028 1.0SE-02 44.5 93.18 31 .79 0 66.1 '107 

100 83.25 3000 3000 4 1.081774 1.6251 11a.n1a 1895.09 5125 0.1 1950 225000 1387500 0.0503 4.85E-04 5.874 1.04E-02 3504 87.82 0 0 .... 476 
101 24.16 3000 3000 163.736895 5.7177 100599 21, 1.11 5125 0.1 1950 225000 1150000 0 .1317 8.11E-Ot 3.3" • .60E.o3 70.34 96.95 ..... 0 1508 70H 
102 25.95 3000 1250 4&3.060182 22.'231 139.2568 1615.72 5125 0.1 1950 225000 1762500 0.1226 1.02E-04 1A22 6.65E-03 45.37 ..... 89.65 0 1042 2809 
103 43.4 3000 2570 52.225715 2.261 129.879 1732.38 5125 0.1 1950 225000 1587500 0.0733 5.06E-Ot .,., 9.26E-03 ..... "'-" 4.26 0 7.,& .9 530.1 
104 31 .34 3000 3350 56470618 2 . .,&392 131.916' 1705.63 5125 0.1 1950 225000 1625000 0.1015 6.95E-OI 4461 5.~-03 41 .38 90.99 9.86 0 1157 7294 
105 236 3000 1230 M .719535 .,&.8628 15" 0159 1460.89 5125 0.1 1950 225000 2050000 0.1348 1.56E-04 1.565 1.0lE-02 19.01 94.n ,1.21 0 67.7 "'1 
1"' ..... 3000 1950 171.821317 7.0738 118.0135 1906.56 5125 0.1 1950 22!!!!!!Q ~ 75000 0.0578 1.74E-04 2.523 1.25E.Q2 2'.87 07.22 n .19 0 ... 234.9 
107 29.62 3000 1520 14.617309 0 .9128 187.3347 1201.06 5125 0.1 1'50 225000 2750000 0.1074 3.0:2E-04 2.-421 1A9E.Q2 ..... 65.79 0 0 464 418.9 
108 26.42 3000 1690 113.939965 8.9-41' 182.7653 1231 .09 5125 0.1 1950 225000 2050000 0.1204 3.63E-04 2.522 6.9.lE~ .22.75 95.61 56.12 0 100 489.2 
109 21.8 3000 2130 7.- 0.3272 131916' 1705.63 5125 0.1 1950 225000 1625000 0.1459 3.86E-04 2.339 1.25E.Q2 51 .43 32A 0 0 55.7 5'9.7 
110 47.-41 3000 2310 16.6'81171 0.7056 127.174 1769.74 5125 0.1 1950 225000 157500 0.0671 4.51E-04 4308 U6E-02 n .02 69.97 0 0 "- 475.4 
111 29.13 3000 3010 1..22"3 0.0396 9702.,& 2319.01 5125 01 1950 225000 1025000 0.1092 5.«E-04 3.516 1.53E-02 30.76 0 0 0 ,s.3 618.6 
112 " 3000 1890 351.600966 12.893 110.0086 2045.3 5125 01 1950 225000 1237500 0 .1138 1.68E-04 17.,&9 6.91E-03 ..,., 9058 .. _,. 0 100.3 3201 
113 ~" 3000 22A-O 2.189m 0.53aa 132.592 1691$.94 5125 01 1960 .,,... 1637500 0.1035 4.1SE-04 3.028 1 . ..... 0 0 .. 6045 
114 3547 3000 1900 630.07609 31 .686,il 150.869' 1491.36 5125 0.1 1950 225000 1987500 0.0897 2.91 E-04 2.642 4.24E-03 47.3 9921 92.06 20.64 163" 381 .8 
115 •5.117 3000 1'30 74.356792 2.7286 110.0088 2045.3 5125 0.1 1950 225000 1237500 0.0692 1.85E-04 2.352 1.«E-02 14.12 93.28 32.76 0 .. 262.2 
11 4 .H 2490 "88.;JU7596 1 i.nn5 1 1.lf1D'I 1705.63 5125 " -1 1950 22 1 0.0666 4.12E-04 4.13 5.71~-03 50.5 98.27 82.'6 0 121" «3.1 
117 3118 3000 2570 563.540206 18.4093 .... ,. 23n.l6 5125 0.1 1'50 225000 .. 7500 0.1021 2.34E-04 2.18 • .7lE-03 30.n 99.1' 91 .43 14.32 148 5 355.2 
118 ,., 3000 1230 87.8-42283 4 ... 3 166.2959 135,3.01 5125 0.1 1950 225000 2300000 0.1187 1.52E-04 1.6'5 1.15E-02 21.20 9'.31 "·"' 0 003 31'6 
119 ~" 3000 2230 239.145214 12.575 1577499 1'26.31 5125 0.1 1950 ~~ - ~125000 0.143' 4.58E-04 2.616 UOE-03 4421 97.91 ,._ .. 0 157' 604.3 
120 30.47 3000 1880 218.722162 10.8532 150 2362 1'97.64 5125 0.1 1980 1975000 01044 299E-04 2.447 8.78E-03 49.77 97.69 76.93 0 102.2 •11 .8 
121 43.58 3000 2610 31 .0802n 1.1243 108.5219 2073.31 5125 0.1 1950 225000 1212500 0.073 3.91E-04 3.711 1.19E-02 42.27 83.91 0 0 56.1 436.4 
122 ~ .. 3000 2030 e1.eo,nn 3.5785 122.2868 18-40.2.,& 5125 01 1950 225000 1'50000 0.139 2.35E-04 1.854 i .25E-03 68.23 IM.31 43.06 0 75 '15.2 
123 49.88 3000 1960 126.32386 6.3261 150.2362 1'97.6' 5125 0.1 1950 225000 1975000 0.0638 2.83E-04 3239 9.97E-03 23.78 ..... 60.42 0 69.5 332.9 
12' 26.78 3000 2660 14.273015 0.8531 137.27.,&3 1839.05 5125 0.1 1950 225000 1725000 0.1188 5.71E-04 3.432 9.32E-03 '1 .73 6'.97 0 0 1, .• 656.8 
125 -:;.60.37 3000 2500 1'1.27085 5.2152 1107481 2031 .64 5125 0.1 1950 225000 1250000 0.0527 3.63E-04 4464 9.58E-03 73.58 ..... &4.61 0 n3 380.7 

--1-26 23.88 3000 1150 122.806895 3.3263 81 .3886 276-C.52 5125 0.1 1950 225000 787500 0.1332 7.78E-05 1.295 1.21E-02 58.57 95.92 59.22 0 57.5 2n.9 
127 53.7.,& 3000 2290 53.014965 1.86'7 105.5178 2132.35 5125 0.1 1950 225000 1162500 0.0592 2.'6E-04 3.104 1.65E-02 86.02 90.57 5.69 0 ., 296.1 
128 62.62 3000 2230 785.012754 ~~:;~ ~6821 1979.2 5125 0.1 1950 225000 1300000 0.0,C,, 2.17E-04 3.162 5.lCE-03 28.81 99.36 93.63 36.31 130.7 258.8 
129 "" 3000 1390 379.551 173 M .7981 2853.38 5125 0.1 1950 225000 037500 0.1103 1.02E-04 1.-465 8.23E-03 61 .96 ..... 86.83 0 842 260. 
130 2378 3000 ... 78-<)99195 3.500 13460'6 1671 .51 5125 0_,__1 1950 225000 1675000 0.1339 6.83E-05 1.258 1.39E-02 ., Q3 93.6 35.96 0 '97 2713 
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131 25.51 3000 1450 4".283814 2.5951 1279.85 5125 0.1 225000 2500000 0.1247 1.nE-04 1.698 1.31E-02 41 .95 88.71 0 0 53 341 
132 47.27 3000 2760 4 .18530t o .1n5 1819.39 5125 0.1 225000 1475000 0 .0673 5.08E-04 4.812 1.55E-02 37.09 0 0 0 44.9 521.7 
133 38.38 3000 2220 92.869603 4.7678 1460.89 5125 0.1 225000 2050000 0.0829 4.66E-04 3.842 7.86E-03 70.23 94.62 46.16 0 88 .2 513 
134 23.94 3000 3240 11..268195 0 .5249 1324.37 5125 0 .1 1950 225000 2375000 0 .13211 7 .95E-04 4.025 7.43E-03 35.24 '6.05 0 0 93.3 861.7 
135 34.5 3000 1980 986.319876 42.7007 1732.38 5125 0 .1 1950 225000 1587500 0.0922 2.47E-04 2.352 3.30E-03 74.31 99.49 94 .93 49.31 209.8 J.49.4 
136 27.14 3000 2090 79.24651 2.5211 2357.51 51 25 0 .1 1950 225000 1000000 0 .11 n 2.4AE-04 2.053 9.68E-03 22.44 93.69 36.91 0 71 .6 387.7 
137 61.3 3000 2130 743.94935 31.6966 1760.21 5125 0.1 1950 225000 1550000 0.0519 2.54E-04 3.476 4.97E-03 37.88 99.33 "·" 32.79 139.5 290.6 
138 45.51 3000 2120 

252 "8214 I 
9 .7698 1942.03 5125 0.1 1950 225000 1337500 0 .0699 2.33E-04 2.682 9.09E-03 84 .52 98.02 80.24 0 76.3 302 

139 23.n 3000 1900 9 .5323 157.1306 1431 .93 5125 0.1 1950 225000 • 0.13-41 3.22E-04 2.213 6 .09E-03 31 .74 97.25 n .53 0 113.9 "' 100 "-" 3000 1850 10.1707 144.4754 1557.36 5125 0.1 1950 225000 0 .1428 ~--04 1.869 6 .37E-03 33.22 97.63 76.32 0 1os.8 430 

"' 25.64 3000 1970 14.7988 127.8255 1760.21 51 25 0.1 1950 225000 0 .1241 2.16E-04 1.878 5.92E-03 39.15 98.56 85.6 0 117.1 375.5 
142 29.93 3000 2100 3 6 .1688 160 1399.01 5125 0.1 1950 225000 0 .1063 4.40E-04 :l.091 6 .85E-03 61 .91 95.65 56.55 0 101 .2 529.2 ,., 22.06 3000 2510 Ult 928734 7.8222 122 1840.24 5125 0.1 1950 225000 1450000 0.14"2 4.69E-04 2.606 4.84E-03 58.49 97.39 73.95 0 143.3 614.6 
144 42.19 3000 2690 ·= 0.035 145 1543.58 5125 0.1 1950 225000 1887500 0 .0754 5.62E-04 4.n1 1.78E-02 31.3 0 0 0 ,. 579.5 
145 4".31 3000 3220 370722 0.0791 100 2248.54 5125 0.1 1950 225000 1075000 0 .0718 5.75E-04 5 .047 1.56E-02 39.43 0 0 0 .. , 583.8 
146 39.82 3000 2710 2338.06 5125 0 .1 1950 225000 0.0799 4.06E-04 3 .571 1.38E-02 71.64 73.n 0 0 50.3 459.6 

"' 33.45 3000 2050 1372.98 5125 0 .1 1950 225000 0 .0951 3 .84E-04 3.003 1.44E-02 22.51 18.78 0 0 482 4662 
1'8 43.52 3000 1850 1557.36 5125 0 .1 1950 225000 0.0731 2.61E-04 2.808 8.86E-03 58.11 97.53 75.27 0 78.3 330.7 
149 2 1.89 3000 2880 2338.06 5125 0 .1 1950 225000 0 .1453 4.67E-04 2.625 3.97E-03 ,,.,, ..... 84 .42 0 174.8 614.5 
150 36.78 3000 1490 1942.03 5125 0.1 1950 225000 0 .0865 1.04E-04 1.607 1.41E-02 80.'6 96.87 68.65 0 49.3 224 
151 39.57 3000 2130 19~.23 5125 0. 1 1950 225000 0 .080< H3E-04 2.588 1.69E-02 67.82 78.5 0 0 ., 335.2 
152 25.47 3000 2870 5125 0 .1 1950 225000 0 .1249 6.22E-04 3.518 9.18E-03 35.62 ..... 0 0 75.5 707.8 
153 24.47 3000 1130 5125 0 .1 1950 225000 0.13 6.91 E-05 1269 1.16E-02 61 .52 96.81 68.09 0 59.7 265.7 
15' 55.42 3000 3260 5125 0 .1 1950 225000 1037500 0.0574 4.54E-04 4.996 8.70E-03 30.88 93.7 37.05 0 79.6 462 
155 56.91 3000 2140 1463.195101 5125 0.1 1950 225000 1312500 0 .0559 1.88E-04 2.696 3.00E-03 37.69 9966 96.58 '5.83 231.1 242.8 
156 2 1.57 3000 2790 10.359727 5125 0.1 1950 225000 11 0 .1475 5.87E-04 3.0 1 9.85E-03 73.1 51 .74 0 0 70.4 715.3 
157 28.05 3000 2610 3.1422 119.4396 1883.8 5125 0.1 1950 225000 1400000 0.1134 4.61E-04 3.053 7.07E-03 38.86 93.66 38.65 0 98.1 557.7 
158 33.88 3000 1090 13.0296 155.8885 1443.34 5125 0.1 1950 225000 0 .0939 1.22E-04 1.655 1.0 1E-02 27.32 98.01 80.06 0 68.4 250.4 
159 25.0C 3000 1380 2.739 1530.1 5125 0.1 1950 225000 0 .1268 1.3'E-04 1.534 1 . .J.Jt::-02 41 .12 91 .05 10.52 0 52 313.3 
160 25.23 3000 2160 0 .3734 1688.35 5125 0.1 1950 225000 0 .1261 4 ,13E-04 2.656 1.27E-02 5'.92 00.52 0 0 50.5 539.5 
161 39.92 3000 1880 1.2428 1329.04 5125 0.1 1= 225000 0 .0797 3.40E-04 3.154 1.J.4E-02 33.49 77.3 0 0 51 .9 405 
162 34.1 3000 1160 18.1993 2439.52 5125 0.1 1950 225000 0 .0933 1.24E-04 1.669 6.56E-03 27.45 99.16 91 .55 15.54 105.6 250.9 
163 38.15 3000 2650 20.3918 2357.51 5125 0 .1 1950 225000 0.083' 3.14E-04 2.902 4.27E-03 91 .33 99.22 922 21 .99 1~2 389.9 
16' 2266 3000 3130 0 .0021 1615.72 5125 0 .1 1950 225000 0.1404 7.79E-04 3 .805 1.57E-02 26.86 0 0 0 442 860.5 
165 28.13 3000 2050 1,4949 1809.18 5125 0 .1 1950 225000 0 .1131 4.28E-04 2.913 9.05E-03 34.43 86.13 0 0 76.6 530.7 
166 26.01 3000 880 8 .8314 1679.88 5125 0 .1 1950 225000 0 .1223 2.83E-05 1. 17 1.29E-02 78.7 97.47 74.72 0 53.6 220 
167 24.66 3000 1070 2.3 114 1809.18 5125 0 .1 1950 225000 0.129 9.38E-05 1.367 1.46E-02 38.69 91.03 10.32 0 47.5 284.2 
168 50.98 3000 2790 431.08649 12.4264 260 1.84 5125 0 .1 1950 225000 0.0624 ~25E-04 2'23 7.09E-03 34.15 ..... .. , 0 97.8 283.7 
169 24.49 3000 2660 80.331576 2.5769 2338.06 5125 0 .1 1950 225000 0.1299 3.55E-04 ~38 8.02:E-03 61 .69 93.78 37.76 0 86.4 498 
170 31 .85 3000 3220 4.0449 2246.54 5125 0.1 1950 225000 0.0999 5.76E-04 3.917 5.74E-03 55.14 95.87 58.73 0 120.8 630.3 
171 60.25 3000 2840 5.1861 1510.42 5125 0.1 1950 225000 0 .0628 4.76E-04 5.552 7.64E-03 34.18 9521 52.13 0 90.7 472.3 
,n 24.74 3000 1280 0.6691 1647.02 5125 0.1 1950 225000 0 .1286 1.54E-04 1.0<M 1.67E-02 "·" 65.97 0 0 41.S 332.4 
173 23.51 3000 2060 14.8013 1478.98 5125 0.1 1950 225000 0 .1353 3.nE-04 2.409 4.62E-03 38.08 98.29 82.87 0 150 525 
174 21.64 3000 3200 2.116 2990.30 5125 0.1 1950 225000 0 .147 3.57E-04 2.228 7 .0 1E-03 23.14 94.07 40.74 0 98.9 527.6 
175 42.25 3000 3330 0.9129 2707.51 5125 0.1 1950 225000 0 .0753 4.56E-04 4.06 1.0SE.02 41 .28 8'.83 0 0 65.9 492.5 
176 25.-43 3000 2610 1.1816 1930.03 5125 0.1 1950 225000 0 .1251 4.53E-04 2.832 8.72E-03 31.18 83.27 0 0 79.5 570.7 
m 24.06 3000 1790 11 .8599 1536.8 5125 0 .1 1950 225000 0 .1322 ~56E-04 1.986 6.«E-03 66.33 97.94 79.43 0 107.6 4~9 
178 29.98 3000 1940 o.n8 1242.84 5125 0 .1 1950 225000 0 .1061 4.85E-04 3.312 1.20E-02 675 58.55 0 0 57.8 5662 
179 23.12 3000 2570 0.2074 2439.52 5125 0 .1 1950 225000 0 .1376 2.67E-04 1.981 1.53E-02 43.98 25.87 0 0 45 .2 439.2 
180 38.1 3000 1950 7 .2695 181 9.39 5125 0 .1 1950 225000 0 .0835 1.n E-04 2.074 1.07E-02 49.24 97.16 71 .65 0 6'.6 279 
181 59.58 3000 3060 4.5606 2073.31 5125 0 .1 1950 225000 0 .0534 5.31E-04 6 .026 7.49E-03 74.15 96.03 60.34 0 92.6 518.4 
182 ~,. 3000 2840 17.429 2439.52 5125 0 .1 1950 225000 0 .1396 ~56£-04 1.927 4.00E-03 65.21 99.12 91.18 1U 173.2 433.4 
183 53.11 3000 3060 2.4516 2461.15 5125 0 .1 1950 225000 0 .0599 4.04E-04 4.4 1 9.59E-03 41.02 93.78 37.85 0 72.3 425.5 
18' 27.4 3000 2410 W543 1647.02 5125 0.1 1950 225000 0 .1181 4.97E-04 3.164 8.06E-03 53.{17 88.92 0 0 86 591.7 
165 27.78 3000 3430 0.7484 2888.09 5125 0 .1 1950 225000 0 .1145 5.14E-04 3.271 9.02E-03 57.84 82.65 0 0 76.9 603.4 
186 2Hi7 3000 18'0 53.3-48711 2.5807 1550.43 5125 0.1 1950 225000 0 .11 54 2.64E-04 2.158 1.07E-02 39.34 90.63 6 .28 0 6'.7 401 .2 ,., Je.07 ,000 1'60 25Ul97127 14.06'2 1343.29 5125 0.1 1950 225000 0 .0882 2.06E-04 218 8.39E-03 46.89 98.02 80.15 0 82.6 309.8 
188 30.62 3000 3880 m 1550.43 5125 0.1 1950 225000 0 .1039 8.19E-04 4.985 ,....,.....22E"""'°-02 ~ .i 0 0 0 58.8 1134.3 
189 44.4{1 3000 1780 3 1437.61 5125 0.1 1950 225000 0 .07 15 2.&BE-04 2.894 1.33E-02 39.81 90.33 3 .29 0 521 333.3 
190 40.47 3000 1810 2 2264-.12 5125 0.1 1950 225000 0 .0786 1.62E-04 ~04 4.48£-03 35.19 ..... ,._,. 47.115 154.6 258.2 
191 2 1.76 3000 1920 1 1142.91 5125 0.1 1950 225000 0.1462 U8E-04 2.547 6.98E-03 46.83 92.02 20.15 0 99.3 600 
192 34.58 3000 3760 5 2102.31 5125 0.1 1950 225000 0 .092 8.90E-04 4.794 9.SOE-03 25.42 35.96 0 0 73 710.5 
193 35.39 3000 1050 266 1478.98 5125 0.1 1950 225000 0 .0899 9.50E-05 1.53-4 1.23E-02 42.8 97.66 76.58 0 56.4 222.2 
19' 21.63 3000 1660 5 1454.98 5125 0.1 1950 225000 0 .1471 2.32E-04 1.796 1.43E-02 65.09 62.91 0 0 486 425.6 
195 23.44 3000 1100 7 1 1906.56 5125 0.1 1950 225000 0 .1357 7.13E-05 1.266 8 .20E-03 50.11 ..... .. ... 0 84.6 276.7 



Srrul'ion Param1ters WlCI Results; 30% lnYentoty CU. 

R~nd ........ 
R.-nainlng lloll.mt;at« ......,, ......,, 

1-0 c.- above F'111ed F'nl ci-,.., ci-,.., -Fi.led Souroe ...... ... .,. StreamlUb BaH ... Tetrachloride ...... ··~ Longitudinal Peratf'lt.ge ·-- Rudloo 
Reallzatio Velocity ConeenuatJon Rate Duration elength Poro•· Dens~ ...... Conoontnotlon Constant -· (5 ..... ..,,_ 

m) (m'lm' 1 
5125 0.1 1950 
5125 0.1 1950 

55.81 5125 0.1 1950 
33.81 5125 0.1 1950 
48.94 5125 0.1 1950 67.5 

201 26.96 5125 0.1 1950 92.7 
202 4'.37 5125 0.1 1950 ... , 618.1 
203 24.05 5125 0.1 1950 1018 561.1 
204 39.08 5125 0.1 1950 14.55 ... , 445.3 
205 56.31 5125 0.1 1950 03.50 35.111 103.6 '°'·' 206 49.55 5 125 0.1 1950 ..... 0 122.3 329.3 
207 24.14 5 125 0.1 1950 0 0 47.8 502.1 
208 32.01 5 125 0.1 1950 0 0 50 ... 
209 27 12 5125 0, 1950 ..... 0 97.3 2n.8 
210 52.2A 5125 0.1 1950 ... 27 4271 .. 1TT.3 ,,, "·" 5125 0.1 1950 03.52 35.19 1706 350.8 
212 ,. .. 5125 0.1 1950 n.22 0 79.2 322.5 
213 29.03 5125 0.1 1950 ... ., 90.22 2.2A 0 .... 572.2 
214 26.53 5125 0.1 1950 63.2" 3'.52 0 0 46.3 470.8 
215 39.18 5125 01 1950 15.83 95.22 52.25 0 '36 41 7.11 
216 27.5 5 125 0.1 1950 '"·" 117 .118 ..... 0 ., 300.5 
217 41 .811 5125 0.1 1950 25.68 ..... 68.92 0 787 207.4 
216 23.117 5125 0.1 1950 31 . 1 97.24 n .42 0 77.5 3 
219 32.73 5125 0.1 1950 56.06 6 .4 0 51.8 594.8 
220 2A.1 5125 0.1 1950 90.62 43.07 0 46.6 ..... 
221 7.5' 5125 1 1950 n:i. 6'.05 0 74.4 759.4 
222 ..... 51 25 0.1 1950 n.2A ..... 69.'7 93.11 « 7.1 
223 2226 3000 5125 0.1 1950 33.03 82.51 0 82.1 5935 
22, 42.4 3000 5125 ~1 1950 11 .911 98.62 86.18 72.6 223.8 
225 30.2' 3000 5125 0.1 1950 "·" 41.47 0 56.1 561 .2 
228 3000 5125 0.1 1950 3601 71 .96 0 ... , 777.4 
221 3000 5125 0.1 1950 "·" 86.36 0 .... 401 .3 
228 3000 5125 0.1 1950 30.n 0 0 ... 512.6 
229 3000 5125 0.1 1950 ..... 96.26 62.57 816 .,.. 
230 3000 5125 ~1 1950 38.12 117.43 74.3' '" 366.2 
231 3000 5125 0.1 1950 36.22 '3.38 0 81.8 61:17 
232 3000 5125 0.1 1950 70~ 97.52 752 0 73.5 301.7 
2.33 3000 5125 0.1 1950 34.117 ..... ... ., "·" 203 3311.8 
23' 3000 5125 0.1 1950 32.42 ..... 69.4 0 611.2 296.3 
235 3000 5125 0.1 1950 53.87 as.51 0 1031 n2., 
236 3000 5125 0.1 1950 89.31 92.15 21 .48 .... 313.7 
237 3000 5125 0.1 1950 50.14 18.41 0 '6.2 ... 8 
238 5125 0.1 1950 27.'9 79.'6 0 72.4 .... , 
239 5125 0.1 1950 62.09 5U2 0 736 733.3 
240 5125 0.1 1950 26.30 96.12 81.24 124.8 452.7 
2'1 5125 0.1 1950 5S.71l 0 0 382 "" 242 5125 0, 1950 7561 92.81 2'.06 692 483 1 .. , 5125 .1 1060 49.95 0 .. .. 
24' 5125 0.1 1950 23.5 95.16 51.61 0 .... 295.7 

"' 5125 1950 99.56 90.62 56.23 1,o 261.8 
5125 1950 97.29 72.89 0 110.5 526.7 

"' 5125 1950 90.78 7.56 82.3 5327 ... 5125 1950 96.71 67.08 57 2766 ... 5125 1950 96.n 87.68 1017 325.3 
250 5125 1950 35.56 0 311.9 414.6 
251 5125 1950 ..... ..... SU9 2054 301.6 
252 5125 1950 1.0SE-02 22.35 0 0 .... ....3 
253 5125 1950 1.27£--02 87.82 0 0 .... 303 ,.. 5125 0.1 1950 1.550 9.65E-03 67.0< 96.27 02.n 0 7,e 3'2.4 
255 5125 0.1 1950 3.350 5.SOE-03 ..... ..... ..... .... 1261 3317 

"' 5125 0 1 1950 1.735 6.89E-03 '3.56 ..... 94.83 '6.26 100, 174.2 
257 5125 01 1950 .... 5.08E-03 55.95 ..... 95.36 5365 136 4 204.6 

"' 5125 ~1 1950 1.447 1.15E--02 20.'6 ..... '6.37 0 80.2 307.5 
--259 5125 0.1 1950 ..... 1.64E--02 50.3' 54.91 0 0 42.3 427.2 

260 5125 01 1950 2.307 175E--02 4961 39.13 0 0 395 381 



Simu&atlon P~wt Md R-.,it.; 30% lrweMofy C... 

I I I I I I ·- - ·-- ·- Volume at or ...... - ...... 
.... ~ 1-0 ea.- at,o,,,e F111ed '"' °"'"' a-... a-... c,,...., 1-Fldd Soun:ie (;ompianot Cornplia'lol at C,omplianca Soun:ie Soun:ie S11'9a'ntub Bu. """ T•- """"" .... --·- - Perc>Wltagl Ruction I Ca-hon 

RNlizalio I VMICl!y l Concentration I Boundary I ~ I Boundary Rai. Duration • Length POIOtity Don•~ ....... Coooentnotion - Kd eon,..,, - (5 ..... (50 pglL (S00 11-9"L HaKrme 
(m,/m11 "'-' '""' (m31 (m1wn'I (ml /K ) Relaldlllion (1/lt) 1ml ~I Complilnol) Con-otonc,II 

0.1 1'60 22 .. 0 .07U 1.58E-04 2.071 1.87E-02 53 ... ,. 0 0 
0.1 1'60 225000 1625000 0 .1134 7.40E-05 1.33 1.34E-02 301 ..... 60.57 0 

5 125 0.1 1'60 225000 1'5()000 0 .1386 1.91E-04 1.895 7.~ --03 47 18 97.04 70.37 
5125 0.1 1,00 22 1550000 0.0677 6 .45E-04 5 .8 18 ll.24E4l '3.06 87.36 0 
5 125 0.1 1'60 225000 1875000 0.0850 1.67E-04 1 .... 7.57E4l ..... .. .• 87.97 
5125 0.1 1950 225000 181 2500 0 .14-•2 6.34E-04 3.223 1.06E-02 47.86 0 0 ---5125 0.1 1060 225000 1512500 0 .1374 1.76E-04 1.&47 1.14E-02 27.37 90.7 6.96 0 60.7 
5125 0.1 1950 22,000 700000 0 .0702 5.3fJE-04 4 .857 1.10E-02 36.59 n .32 0 0 63.3 
5125 0.1 1950 22,000 21 37500 0 .1064 5.51E-04 3.8 19 7.lOE-03 74 .71 92.67 26.73 0 97.6 
5125 0.1 "" 22,000 1162500 00575 8.02E-04 8.05 1.0 3E-02 26.45 2 .31 0 0 67.4 745.7 
5125 0.1 1'60 225000 1775000 0 .1351 2.49E-04 1.933 1.02E-02 ..... 91 .29 12.91 0 67.9 4 20.7 
5125 0.1 "" 22,000 1275000 0 .06e1 1.50E-04 2 .143 8.71 E-03 75.14 "·" "·" 2788 103.2 228> 
5125 0.1 1,00 22,000 1562.500 o.n n 2.73E-04 2 .173 1.13E-02 "·" 81U1 0 0 81.4 412. 1 
5125 0.1 1960 225000 2287500 o.0817 8.64E--04 5 .108 1.11E-02 28.19 0 0 0 62.7 872.1 
5125 0.1 1960 22,000 1200000 0.093 2.66E--04 2 .... 6 .52E-03 65.83 ..... .. ... 0 108.3 ,.., 

3000 3'70 120.592342 4 .7438 118.0135 1908.56 5125 0.1 1'60 22,000 1375000 0 .1064 6.49E--04 '·"' 4 .86E-03 30.7 ..... .. ... 0 142.6 699.8 
3000 2330 240.ISM11 9 .2951 115.8579 1942.03 5125 0.1 1960 225000 1337500 0 .1353 3.37E-04 2.2111 5.42E4l 52.57 "·" 79.23 0 127.9 492.7 
3000 1870 56.888718 2.7028 142.5296 1578.62 5125 0.1 1,00 22,000 1625000 0.0652 U 5E-04 2.898 1.40E-02 32 6' 91.21 12.11 0 49.6 30'4 
3000 2290 87.9111725 3 ..... 132.592 1696.94 5125 0.1 1'60 22,000 1637500 0 .0627 3.61 E-04 3 .... 9 .~ -03 4 1.84 IM.31 43 .13 0 69.7 3 .. 7 
3000 1620 495.808658 21.456A 129.879 1732.38 5125 0.1 1,00 22,000 1587500 0 .0739 1.42£-04 U73 7.97E4l 5,o, .... 89.91 0 .... ,, .. 

4 1.21 3000 2610 18 456128 0 .9007 148.4082 1538.8 5 125 0.1 1'60 22,000 1900000 o.om 4 .46E--04 3~2' 1.10E-02 14.88 n .91 0 0 .,, ... 
23.07 3000 1680 971.348034 48.359 143,1797 157 1.45 5 125 0.1 1'60 225000 1837500 0 .1379 1.21E-04 1M3 3.59E-03 ..... 9sug ... 65 '6.53 193.1 320.5 
43.IM 3000 1960 "· 7 D.887 1 139. 143 1608.13 5 125 0.1 1960 22,000 1775000 0.0724 3.04E-04 3.122 1.5 7E.Q2 . '·"" 73.71 0 0 « .1 36' 1 
25.97 3000 3120 1g_211132 0.498i n .006 2838.0, 5125 0.1 1'60 22,000 737500 0 .1225 3.37E-04 2.39 1.2 1E-02 53.71 73.97 0 0 '15 471.7 
2U 3 3000 2230 5.338943 0.2 188 122'68' 1829.74 5125 0.1 1950 22,000 1462500 0 .1302 3.79E-04 2.471 UOE-02 .. 6.35 0 0 49A 518.3 ,..,. 3000 2690 1.568115 7 125.7654 178Y.1 5 125 0.1 1'60 225000 1512500 0 .081 4 .34E-04 3.705 1.08E-02 16 .n 78.81 0 0 6'.1 483.5 
23.71 3000 3090 30 1M 11 5 1.- 101.n 48 2087.99 5125 0.1 1'60 22,000 1200000 0 .1342 5.97E-04 3.25 7.27E4l 38.36 83 « 0 0 95.3 702.6 
32.'3 3000 1200 893.189955 314109 135.9&47 1655.08 5 125 0.1 1950 22,000 1700000 0 .09111 1.02E-04 1.527 6.19E-03 ., .. ...,. .,_,. 27.17 112 241.3 

"·" 3010 3. U 1451 11u.7481 2031.&4 5125 0.1 1050 22,000 1250000 0.0834 5.31E-04 un 1.29E-02 2585 0 0 0 53.0 ..,, 
48.65 3000 mo 393.605758 13.5448 103..2381 217g_47 5125 0.1 1'60 22,000 11 25000 0.0662 1.09E--04 1.808 1.06E-02 .... 98.73 8 7.3 0 65.5 "" ~ .18 3000 850 1387 .248064 38.8209 83.9523 2680.09 5125 0.1 1'60 22,000 82,000 0.068 5.94E-05 1.U 2 4 .~ -03 ..... .. ... .. .• 63.96 140 .3 1579 

31.1 3000 3060 12 .7S4425 '·"" 93.8425 239 7.83 5125 0.1 1060 225000 075000 0 .1023 4.BOE--04 3.3n 1.10E-02 31 .78 60.6 0 0 63.3 555.7 
26 .71 3000 2330 52_313n5 2.0 704 18.7278 1895.0II 5125 0.1 1'60 22,000 1387500 0 .1191 3.BTE--04 2 .643 8.97E4l ..... 90.« 4 .42 0 TT.3 507.1 ,.. 26.76 3000 2460 339.831223 14.0878 124.3658 1809.18 5125 0.1 1960 225000 1487500 0 .1189 4.05E--04 2 .723 4 .JOE-03 25.27 96.53 65.29 0 16 1.3 521.8 

2'5 25.95 3000 1880 175.246611 5.2928 90.6061 2483.28 5125 0.1 1,00 225000 025000 0 .1226 1.71E--04 1.706 8 .79E-03 ... ,. 97 .15 71.47 0 78.i 338.9 
206 3'.02 3000 1660 473.007673 22.7793 144.4754 1557.38 5125 0.1 1050 22,000 1662500 0.0935 1.55E--04 ,..,. 6 .~ 41 "" .... ,..._, 0 .... 276.9 
207 2 1.47 3000 1310 52.3605« 3379 193.528 3 1162.62 5125 0.1 1060 22,000 2667500 0 .1482 1.47E-04 1.501 1.22E-02 6582 90.45 .... 0 57 358.5 
206 35.71 3000 1910 48.389374 2.51U 155.8885 1U3.34 5125 0.1 1060 225000 2067500 0 .0191 3.49E-04 2.082 1.09E-02 .. .., 89.67 0 0 63.6 428.1 

"' 22.23 3000 2360 296.282587 12.4197 12.5.7554 1789.19 5125 0.1 1950 225000 1512500 0 .1431 ~03E-04 2.424 4.36E-03 ... ~ 96.31 83.12 0 "' 558: 8 
300 39.37 3000 23'0 10.5nin , .... 129.879 1732.38 5125 0.1 1960 22,000 1587500 0.0800 4 .79E-04 3 ... U OE-02 ..... 52.74 0 0 495 5205 
301 23.29 3000 790 19. 16352,4 0.8363 131 .239 1714.43 5125 0.1 1'60 22,000 ~2500 0.1386 8.09E-05 ,,,. 1.81E-02 20 '1 73.91 0 0 ,., 285.9 
302 41 .37 3000 2460 6.266998 0 .7728 142.5296 1578.62 5125 0.1 1950 225000 1625000 0 .0769 4 .UE-04 3 .9 18 1.19E-02 25-;n .. .,. 0 0 56.3 485.4 
303 52.76 3000 2060 147.155427 6 .0318 122'68' 1829.74 5125 0.1 1,00 225000 1<62500 0.0603 , ...... 3.002 1.11E-02 55.2' 06.6 66.02 0 62.6 300< 

"' 21.5 3000 2310 19.218113 0.9748 152.1319 1478.91 5125 0.1 1060 22,000 2012500 0 .148 4 .62E-04 2.5n 8.67E-03 21.35 73.96 0 0 80 8143 
305 49.02 2060 161.578417 7...l1~ 1 1 1679.88 5 125 0.1 1060 1662500 ""'' 3.85E-04 3.906 7.Llll::41 1711 96.91 60.06 0 95.5 .,. 
308 e,n 3000 20<0 821846124 12.6893 8 11213 3681 .21 5125 0.1 1,00 225000 512500 00515 1.27E-04 ,,.. 8.83E4l 11A1 .. , ..... ,. .. 78.S 196.6 
30T 50'2 3000 2'30 553.261429 21 455 118.5788 1930.03 5125 0.1 1060 225000 1300000 0 .0631 3.12E-04 3.502 4 .92E4l 311 991 90.96 963 140.9 358 
308 25.03 3000 3050 14 074266 0. 78.7839 2855.9 1 5125 u 1 1060 750000 0 .1271 3.46E-04 2371 1.17E--02 2358 .. ., 0 0 59.4 488.6 
300 "·" 3000 3050 0 41 8213 0 .0 147 105.5176 2132.35 5125 0.1 1'60 225000 1162500 0 .0925 U 8E--04 4 .704 1.79E-02 51.09 0 0 0 38.7 701 
310 52.58 3000 8 20 889.591382 28.3008 95.4399 2357.51 5125 0.1 1950 22,000 1000000 0.0605 5.87E-05 1.491 8.54E4l ... ..... 94.38 43 .79 81.1 145.3 .,, 2'.7 3000 ,. .. 261496363 13.0964 150.2382 1497.&4 5125 0.1 1060 1975000 0.1288 4.84E-04 2A99 4,19E4l 25> 06.0, 80.68 0 165.5 601.5 
312 32.8 3000 2180 5 .105138 0.2152 126 U 73 177' 5125 0.1 1'60 220000 52,000 0 .0976 3.66E-04 2.895 UJE-02 '606 2.06 0 0 .,, 455.2 
313 27.82 3000 2630 0 121739 0.0065 135.9'-47 1655.08 5125 0.1 1060 225000 1700000 01152 7.SJE-04 . .,.. 1.7 5E-02 45 .57 0 0 0 39.7 799.1 ,,. 21.12 3000 23'0 7.136826 03738 157.1306 1431.93 5125 0.1 1060 225000 21 12500 01458 6.0IE-04 1108 1.0 1E--02 61 .34 20.94 0 0 68.9 730 1 
315 2038 3000 3280 8.154095 0.2008 97.811 2 2300.35 5125 0.1 1060 22,000 1037500 0 .1083 8.02:E-04 3.81 1.09E-02 5687 1875 0 0 83.7 ... 7 

"' "82 3000 ,... 261.72405 12.3na 141.878 1585.87 5125 0.1 1'60 22,000 1812500 0 .1282 71 1E--04 3.604 3.0BE-03 28.61 "·" .,. 0 225.3 785.6 
317 45.n 3000 1720 199.348433 57U5 7.3109 20n 5125 0.1 1050 Zl5000 175000 0069'5 1 .~--04 2 .066 1..24E--02 .. .,. 97.45 74.54 0 55.9 2312 
318 40.17 3000 1500 253.407662 12.367 146.4082 1S38.8 5125 0.1 1950 225000 1900000 0 .0792 .113E-04 2.187 7.11e-O.:, t---.;8 .3& - 90-:00 eon 0 76.1 279.5 

"' 3147 3000 1830 641 .035018 27.4602 128 .5118 1750.81 5125 0.1 1950 22,000 1562500 0 .1011 1.60E-04 1.798 5.39E-03 42.43 99.22 92> 22 128.6 292.8 
320 30.98 3000 1690 143 .544043 6><7 130.5599 1723.35 5125 0.1 1,00 225000 1000000 0 .1027 1.98E-04 1.1175 9.78E-OJ 44.07 96.'2 65.17 0 70.9 3268 
321 38.01 3000 1600 ., ... 02 3.!M14 1&4.4834 1367.92 5125 0.1 "" 225000 2262500 0.0837 2.09E--04 2 .264 .34E-02 20.60 9U 17.96 0 51.7 305.3 
322 36.4 3000 2650 4 .221679 u .163 11 5.1579 1942.03 5 125 0.1 1950 22,000 1337500 0 .0874 5.25E--04 4 .035 1.47E-02 52.91 0 0 0 47.1 068.1 
323 - :'8-24 3000 2'60 2.968541 ~1256 127.1374 1769.74 5125 0.1 1950 22,000 1537500 0.0832 3.30E-04 3 .007 1.83E-02 16 0 0 0 37.9 <03 --,,. 33.81 3000 2060 478.975144 20 .... 127.8255 1760.21 5 125 0.1 1'50 225000 1550000 009'1 ,.,. ... 2.•13 5.22E4l "·" ..... .. ... 0 1329 385.8 
32~ 25.8_ 3000 1660 12 618722 08713 1596003 1409.n 5 125 0.1 1950 22,000 2162500 0 .1233 2.41E-04 1.987 U8E-02 30.93 60.38 0 0 46.9 ,.., 



Simulll-,n P.....,,.twa aid RNUl!a: 30% lnYWdoty C.N 

........ . ....... ReQUnd 

r~o1 Mu.m,m M"""""m Remaining Volume at or ......,. Soun,, ......,. 
Maximum • \ °"""°""'""' ReleaseR•1• 1-0 c.,- • bo11e Fixed First Cleon"" c1ean.., Cleanup Ablo<lc 

Fixed Soun:. Compliance Co- • t Compliance """""' """""' Stntamll.ib .... Tetr• c:hloricle """""" Peroentage Percentage Percentage Reaction °"""" ReaUutlo Velocity °"""°""'""" Boundary ""'""'..., """""" .... °""""' e Length ''"'"'" """""' (5µgi\. (5011g/L (50011g/L Half Time Tetractilorlcle 
m (m1/m1 Complionco Compl-- -- Tr•Y81 Time 

27.78 5125 0.1 96.35 63.49 0 78 ... 357" 
327 27.17 5125 0 1 9U 1 .. . 05 90.1 543.9 
328 VA 5125 0.1 97.57 75.69 .... 281" 
329 ·" 5125 .1 0 0 .. 1 .4 5i9.9 

"" 33.17 5125 0.1 ..... 86.93 85.1 258.7 
331 "·" 5125 0.1 96.49 ..... 412 193.8 

332 53.92 5125 0.1 96.73 67.29 0 83.9 378.1 
------,,3 2261 5125 0.1 93.63 36.33 0 107.5 5838 

334 2383 5125 0,1 99.01 90.00 0.99 134.7 355.3 
335 34.96 5125 0.1 .... 0 0 912 7"1.1 
3311 37.65 5125 0.1 99.19 91 .99 ,. .. 122.8 291.9 
337 28.92 5125 0.1 .. 2 91 .95 19.56 110.3 2S3.2 
338 34.28 5125 0.1 99.37 ..... 36.B2 109.3 213.7 
339 37.-47 5125 0.1 99.• 9 94.91 .... 191.4 319 .. 
340 23.64 5125 0.1 ..... 0 0 aa.5 628 
341 53.02 5125 0.1 94 .1 .. 47.41 0 110.3 639.1 
342 3U7 5125 0.1 97.7" n .37 0 102.8 41 2.8 
343 60.00 3000 5125 0.1 91.57 15.7 922 ... 5 ,.. 35 ... 3000 5125 0.1 97.8 75.97 80 336.8 
345 50.9 3000 S125 0,1 ..... ... 101 .., .. 9 

346 4022 3000 5125 0.1 98.1 80.96 47.9 17"" 
347 51.64 3000 5125 0.1 88.41 0 42.3 301.8 
346 38.06 3000 5125 0.1 64 .36 0 72.2 557.4 
349 50.66 3000 5125 0.1 96.7 66.99 .. 2 .. 7.5 
3SO 23 3000 5125 0.1 75.37 0 ... , 508.3 
351 58.71 3000 5125 0.1 96.76 67.65 ... , 204.1 
352 21.25 3000 5125 0.1 96.55 .... 98.4 457.7 
353 .. 5.08 3000 5125 0.1 97.18 71 .81 ., 388.6 

3.65 3000 5125 0.1 ..... 0 70.3 5713 
355 52A1 3000 5125 0.1 .. ,. 0 97.1 65U 
3S6 29A 3000 5125 0.1 19.44 98.83 6625 56.6 2455 
357 37.:W 3000 5125 0.1 .. 9 .31 ..... 85.81 70.9 2265 
3S6 27.26 3000 5125 0.1 31.35 83.61 0 .... 391 .9 
359 23.37 3000 5125 0.1 36.98 892 0 732 4692 
360 21.7 3000 5125 ~1 5 .13 24.75 0 48.9 5072 
381 4 U 3000 5125 0 1 "·"' ..... ..... 76.5 2379 
362 37.12 3000 5125 0.1 "73 "" 62.74 81 .3 287..t 
363 57.63 3000 5125 " 18.n 0 0 0 87.1 717.2 
364 ,. .. 3000 5125 01 " ·" 97.96 79.58 0 101 ,1 387 
36S 28.2 3000 51 25 0.1 1960 38.22 97.57 75.73 0 694 3591 
366 25.43 3000 5125 0.1 1950 26.39 67.43 0 0 55.6 4502 
367 29 ... 3 3000 5125 0.1 1960 24.36 65A 0 0 50 1 --368 29.29 3000 5125 0.1 1960 59.55 993 93.00 30.31 1556 331 .2 
369 82. 14 3000 5125 0.1 1960 53.33 97.11 71 .08 0 83.3 383 ... 
370 34.36 3000 5125 0.1 1960 19.31 0 0 0 462 733.1 
371 26.69 3000 5125 0.1 1960 51 .73 95.59 55.93 0 106.8 553.1 
372 36.81 3000 5125 0.1 1950 29.02 86.12 0 701 '885 

9.4 5125 0. 1 98.51 85.11 •. 4 .9 
54.38 3000 5125 0.1 1950 35.86 98.34 63.37 87.8 429.8 
29.05 3000 5125 0.1 1950 43.81 96.71 67.12 130.4 607.8 
.. 2. .. 2 5125 0.1 1960 31.SI& 92.53 25.29 .. 339.6 
49.,48 3000 5125 0.1 1950 ..... 8967 ... , ,au 
25.55 3000 5125 0.1 1950 96.33 63.3 76.4 3657 

S<.1 3000 5125 0.1 1950 .... .. 77.7 
28 3000 5125 0.1 1950 94.51 45.05 S<.3 

21 .8 3000 5125 0.1 1950 99.12 91 .18 11 .76 130 
24.59 3000 5125 0.1 1960 0 0 0 422 
30.15 3000 5125 0.1 1950 94.93 49.29 0 ,. 
"·' 3000 5125 0.1 1950 0 0 0 37A 

39.57 3000 5125 0.1 1950 97.3' 73A 0 ,u 
50.82 3000 5125 0.1 1960 38.77 0 0 61 .9 
58.41 3000 5125 0.1 1950 75.56 0 0 43.6 
2s ... , 3000 5125 0.1 1950 0 0 58.5 
38.32 3000 5125 01 1950 93.76 37.55 105.1 
31 .16 3000 5125 01 1950 87 82 '" 



Simulation Parwnet.,. Md Results: 30% lnYentory case 

ReQUired Required """"""" r~o1 Mulmum R-- Vok.meator "°""" "°""" "°""" 1-0 Ca- a~Axad c,-,..., """""" Cleanup -FJQdSoun::e S<,u,ee Sou= Strumlub Bon ... Tetrachloride S<,u,ee Peroantage Percentage Peroentage - Camon 
Realiulio Velocity Concentration • Length Porosity Sou= Conoentratlon Kd (5...,,_ (50µg/l {500µgll Ha'1lmo Tetrachloride 

' I ) m3/m ) (m' II<) Re111tdelion eom,;;a,..) Como!"""' Como!"""' ) Travetnme( 
391 3000 0.1 225000 4.10E-04 34.34 0 0 50.6 "'·' 392 3000 0.1 225000 2..28E--O< 8648 0 0 39.1 273.4 
393 3000 0.1 225000 1.82E-OI 99.23 92.35 2345 135.8 311.8 
394 3000 0.1 225000 3.32E-04 98.17 81 .73 .... 359.9 
395 3000 0.1 225000 4.07E-04 98.67 86.7 177 552.4 
396 3000 0.1 225000 0 0 0 48.1 613.4 
397 3000 0.1 225000 98.31 83.06 0 168.8 620.9 
398 3000 0.1 225000 69.n 0 0 40.2 337.7 
399 3000 0.1 1950 225000 90.46 4 .81 0 "" 256.5 

""' 44.74 3000 0.1 1950 225000 78.49 0 0 71 532.9 
""1 40.42 3000 0.1 1950 225000 99.6 95.95 59.51 121.8 159.2 

""' 32.93 3000 0.1 1950 225000 99.28 92.8 28.05 212.8 451U 
""3 

.,,_ .. 3000 0.1 1950 225000 49.14 86.8 0 0 66.7 <481 .8 ... 26.67 3000 0.1 1950 225000 ,._,. 96.61 66.13 0 97.1 4427 
""5 22 3000 0.1 1950 225000 "-" 93.63 36.34 0 95.7 ... 
406 52.85 3000 0.1 1950 225000 48.69 90.05 ,_., 0 57.6 3n.1 
""7 27.86 3000 0.1 1950 225000 15.65 96.31 63.1 0 126.5 582.2 
408 4 1.21 3000 0.1 1950 225000 15.43 97 .8 76 96.4 380 .,,. 33 3000 0.1 1950 225000 37.24 ..... 0 70.7 454.6 
410 50.1 3000 0.1 1950 225000 61 .03 97.64 76.36 120~ 5017 
411 40.S3 3000 0.1 1950 225000 35 98.65 86.47 174.2 523.2 
412 38.75 3000 0.1 1950 225000 s1 .n 97.86 78.6 11 8.6 417.3 
413 "· 3000 0.1 1950 225000 26.23 96.96 69.61 69.1 294.9 
414 36.65 3000 0.1 1950 225000 87.44 93.71 37.13 112.7 741 ,6 

"' 61.65 3000 0.1 1950 225000 22.67 19.38 0 45.9 468 
416 26.85 3000 5125 0.1 1950 225000 56. 50.02 0 40.7 375.5 
41 7 57.M 3000 5125 0.1 1950 225000 28.65 90.63 6.25 71 .5 455.3 
418 2tl.49 3000 5125 0.1 1950 225000 33.64 97.53 75.28 77 308 

"' 24.64 3000 5125 .1 1950 225000 25.48 82.77 0 727 514.3 
420 49.4 3000 5125 0.1 1950 225000 19.79 94.93 49.3 57.7 294.8 
421 2U2 3000 5125 0.1 1950 225000 36.15 94.01 40.14 83.7 452.9 
422 24.97 3000 5125 0.1 1950 225000 91.3 0.7 0 51 619.9 
423 24.03 3000 5125 0.1 1950 225000 so, 91 .82 18.25 n 436.2 
424 22.12 3000 5125 0.1 1950 225000 ... 90.33 3.29 89.2 6 16.5 
425 38.47 3000 5125 0.1 1950 225000 42.91 95.51 55.1 0 6U 34~1 
426 25.76 3000 5125 0.1 1950 225000 75.48 96.25 82.49 0 86 423.8 
427 40.17 3000 5125 0.1 1950 225000 U06 13.19 80.25 0 0 11.4 562.1 
428 33.7 3000 5125 0.1 1950 225000 60.34 97.66 76.59 0 .... 260.6 
429 42.08 3000 5125 0.1 1950 225000 23.74 0 0 0 54.1 600 4 
430 29.48 3000 5125 0.1 1950 225000 80.36 ..... 49.41 0 51.6 275.4 
431 21 .il 3000 5125 0.1 1950 225000 34.69 65.98 0 0 63.4 525.9 
432 6 1.53 3000 5125 0.1 1950 225000 26.87 99.42 94.19 41 .91 90.3 164.7 
433 22.39 3000 5125 0.1 1950 225000 57.67 98.95 89.51 0 158.4 436.9 
434 35.23 3000 5125 0.1 1950 225000 n .85 97 .64 76.35 0 114.9 494.8 
435 24.n 3000 5125 .1 1950 225000 sa.n 97.78 77.85 0 92.1 361.4 
436 55.91 3000 5125 0.1 1950 225000 66.48 91.n 77.7 0 85.7 365.1 
437 24.78 3000 5125 0.1 1950 225000 29.06 96.11 61 .07 0 .,. 437.8 
438 23.57 3000 5125 0.1 1950 225000 73.84 39.85 0 0 60.5 641.6 .,, 55.62 3000 5125 0.1 1950 225000 27.04 1.14 0 0 53.4 598.5 
440 36.19 3000 5125 0.1 1950 225000 55.88 82 0 54.5 424.4 .. , 34.65 3000 5125 0.1 1950 225000 92.4 97.49 74.92 7>7 31 4 
442 23.31 3000 5125 0.1 1950 225000 48.42 48.12 0 45 41 0 
443 28.25 3000 5125 0.1 1950 225000 73.71 98.68 ..... 101 .8 317.3 ... 41.8 3000 5125 0.1 1950 225000 43.14 23.94 0 57.3 6 18.7 
445 23.58 3000 5125 0.1 1950 225000 29.77 92.14 21 .36 " 280.5 
446 26.06 ,000 5125 0.1 1950 225000 57.55 86.44 0 59.2 414.5 .. , 33.07 ,000 5125 0.1 1050 225000 33.n 98.7 87 103.1 313.7 ... 35.11 3000 5125 o. 1950 225000 ss.n 60. 16 0 55.3 597.8 
449 6 1.89 ,000 5125 0.1 1050 225000 28.93 98.86 88.58 85.6 245.3 
450 25.21 3000 5125 0.1 1950 225000 1'25 67.37 98.0B 80.9 ... 298.3 
451 ~ .. 3000 5125 0.1 1950 225000 2.98 37.52 61.71 0 77~ 677 
452 23.34 3000 5 125 0.1 1950 225000 6.80E-OI 3.521 60.91 0 0 0 64.6 773 
453 26.8 3000 5125 0.1 1950 225000 8.SSE-05 1.364 35.46 99.42 94.22 42.17 143.6 260.9 
454 38.61 3000 5125 0.1 1950 225000 2.12E-04 2.3 66.48 98.35 83.54 0 86 5 305.3 
455 40.68 3000 5125 0.1 1950 225000 4.41E-OI 3.851 68.85 9333 33.31 0 76.7 485.2 



Sinualion Pwamet.n and RNUlta: 30% lnYenlofy C.N 

........ . ....... ....... 
r-o1 - M~m Remaining Voll.me • I°' Sourno Sourno Sourno 

M• urlt.n1lll Conclr'ltration RelelNRate 1-0 "'"""' above Fixed First Orde Cleanup Clo~ ... Clo~ ... -Fixed Source I Compliaooe """"'"""' lll Compllanoe Sou"" 5ou.,, Streamtub S,H """ Tetrachlortcle Sou"" ""' Longhudinal Permntage - Pel'090lllge Reaction c.<bon 
Rullatlo I V•loclty I Concentration Boundary Boundary _,,, .... Duration • Length ·-- ""'"' Sou"" "°""'"'"""" "°""''' Kd eon,..,, -- (51¢ {50µg/l. {500t,tg/l. Hott 11me T•tr•chlonde 

m) (m3/m~ (Ko/ml\ IIO<) lm31 (ml.ffll\ (ml/K) Retardation ""' /ml ~· """"'"""' """""""' ,,, TravelTilTIIIIVI 
5125 01 1950 225000 1487500 0.098 ~2/lE-04 2.133 8.1.a:-03 78.92 97.92 79.17 0 85.3 336.8 
5125 0.1 1950 225000 900000 0.071 U5E-04 2.317 7.40E-03 " 98.85 .. ~ 0 93.6 ,.. ... 21 73 3000 1800 6.946274 0.3878 167 4!i88 1343.29 5125 0.1 1950 225000 2325000 0.1464 3-"'E-04 2202 1.29E-02 40.25 28.02 0 0 53.7 519.3 

"' ~ .. 3160 45.754485 1.5393 100.929 2228.29 5125 0.1 1950 225000 1087500 0.13&4 5.42E-04 2Jl8 6.oac-03 2'.05 89.07 0 , .. ..... ... "·" 3000 1800 34 .149888 1.6739 1470497 1530.1 5125 0.1 1950 225000 1912500 0.1418 3.12E-04 2. 11 1.091:-02 93.•5 85.36 0 0 63.7 •82.2 .. , 507' 3000 ,,.. 178.178008 6.6875 11 2.2199 2004.99 5125 o., 1950 225000 1275000 0 .0627 1.23E-04 , .... 1.45E-02 "·"' 912 n .o, 0 47.7 201.4 .., ,. .. 3000 1780 80.719499 ~n" 137.2743 1639.05 5125 o., 1950 225000 1725000 0.1031 1.81E-04 , ... , UJE-G:2 ..... 91 .n 17.65 0 ~1 313.3 .., 25.17 3000 1050 n .6609'8 3.1622 130.5699 1723.35 5125 0.1 1950 225000 ,aooooo 0.1264 1.94E-ot ,.m 1.08E-Q2 ,.,. 93.12 31.19 0 .... 361.9 ... .... 3000 2250 73.697015 3.0036 122.2668 18'0.24 5125 0.1 1950 225000 1'50000 0.0685 2.94E-ot 3.167 111E-02 22.09 9322 32.15 0 622 349.5 ... 25.45 3000 1410 u .81n19 2.0008 88.9661 2529.05 5126 0.1 1950 225000 900000 0.125 9.91E-05 , ... , 1.30E-02 ~:: ..... ..... 0 53.5 282 ... 41.,,18 3000 1180 260.7512n 7.0741 8 1.3886 2764.52 5125 0.1 1950 225000 787500 0.0767 1.51E-04 , .... 1.01E-02 ..... 80.82 0 68.8 246.6 .. , 21.37 3000 1120 382.975605 23.8423 186.7666 1204.71 5125 0.1 1950 225000 2737500 0.1489 1.28E-04 1A33 8.0&E-03 20.12 ..... ..... 0 114.4 343.7 ... 50.28 3000 1690 336238101 18.8383 168.2959 1353.01 5125 0.1 1950 225000 2300000 0.0633 = ... 2.862 7.74E-03 25.75 98.51 85.13 0 ... 8 291.8 ... 53.02 3000 161 0 145.915675 9.829 197.9711 1136.53 5125 o., 1950 225000 2987500 ..... ",. ... 3.201 1.03E-Q2 21 .47 96.57 65.73 0 "' 3042 
,10 35.87 3000 2190 13.215996 0.5195 117.2971 1918.21 5125 o., 1950 225000 1382500 0.0887 324E-04 2.847 1.flOE-02 68.01 62.37 0 0 43.4 406.8 

"' 45.08 3000 2210 34.79n93 1.7719 152.7612 1•'72.99 5125 0.1 1960 225000 2025000 0.0706 4.74E-04 4.3"'5 1.12E-02 71,44 85.83 0 0 62 4i9.9 
m 41 .53 3000 2190 16.9M70I 0.707 125.0816 1799.11 5125 0.1 1950 225000 1500000 0.0766 2.91E-04 2.92 1.51E.Q2 18.1 70.52 0 0 45.8 360.3 

"' '8.13 3000 2740 103.185687 4.835 140.5704 1600.62 5125 0.1 1950 225000 1787500 0 .0661 4.93E-04 4.769 7.29E-03 41 .8 95.15 51.54 0 95.1 507.9 

"' 3'.32 3000 2690 242.040042 1.1n8 88.9681 2529.05 5125 0.1 1950 225000 900000 0 .0927 2.42E-Ot 2.321 7.80E-03 64.81 97.93 ,._,. 0 8U 3'6.6 
~ - 21 .54 3000 1860 89.761583 3.8105 155.2656 1449.13 5125 o., 1960 225000 ~ 5000 0.14n 106E-04 2.046 8.13E-03 35.1 92.83 28.33 0 85.2 '868 
'76 29.01 3000 1610 44.312891 2.1053 142.5296 1578.62 5125 o., 1950 225000 1825000 0.1223 1.28E-O< 1.529 1.52E-02 .... 88.n 0 0 45.6 301.2 
An 29.21 3000 3510 7.51063 0.1747 69.787 3225.02 5125 o., 1950 225000 825000 0 .1089 4.64E-04 3.153 1.41E-02 62.33 33.•3 0 0 '91 553.1 

"' 25.35 3000 3040 1.736834 u.On9 '"· 1671 .51 5125 0.1 1-, 225000 1675000 0 .1255 7.18E-OI 3.892 1.1,4E.(U 36.7 0 0 0 " 786.8 

"' 34.73 3000 1670 47.375785 1.7722 11 2.2199 2004.99 5125 o., 1950 225000 1275000 0 .0916 1.68E-04 1.927 1.55E-02 ,._, 89.45 0 0 .... 284.4 ... 47.41 3000 3300 14.346053 0.4215 88.1405 2552.74 5125 o., 1950 225000 887500 0.0671 4.31E-04 424' 1.28E-02 21.8 65.15 0 0 5'.3 458.7 .. , 23.2A 3000 2300 3.11784 0.127 1 122.2668 184024 5125 o., 1960 225000 1'50000 0.1369 3.78E-04 .397 U3E-02 30.63 0 0 0 48.8 528.7 .., 23.04 3000 1730 65.225265 3."66 181614 1238.89 5125 o., 1960 225000 2825000 0 .1381 3.19E-04 2.168 8.31E-OJ "·" 92.33 23.34 0 .,, 
~2-2 

'83 21 .88 3000 2850 356.2010n ..... 83.9523 2680.09 5125 o., 1950 225000 1125000 0.1,54 2.38E-04 1.827 5.16E-03 ..... .... 85.96 0 13'2 ... 23.88 3000 1410 8.526736 02529 88.9661 2529.05 5125 o., 1960 225000 900000 0.1343 1.98E-04 1.744 1,61.t,-(l:2 17n 41 .36 0 0 43.1 
'85 24.9 3000 2510 53.439918 2.3739 133.2659 1688.35 5125 0.1 1950 225000 1650000 0.12n 4.TTE-04 2.889 7268-03 31.63 ..... 6.4' 0 95.5 ... 49.94 3000 2010 308.261068 12..4911 121.5631 1850.89 512S o., 1960 225000 1437500 0.0637 1.93E-04 2.528 921E-03 ... ,._,. 83.78 0 75.3 .. , 5'.95 3000 2470 88.792681 3.5373 122.2668 184024 5125 ., 1950 225000 1'50000 0.0579 3.95E-04 4 ,447 9.97£,-03 55.58 ,..,. "·" 0 ••• ... 41.58 3000 18'0 81.93n11 3286A 145.1211 155().43 5125 0.1 1950 225000 1875000 0.0765 ~55E-04 2 .... 1.2'E-02 '°·" 92.6' ,.. 0 ... ... 37.85 3000 2560 8 512287 O.Jn4 131 .239 1714.43 5125 o., 1950 225000 1812500 ...... 6.29E-04 •.762 1.29E-02 81 .01 '1.26 0 0 53.8 ... 37.34 3000 1980 18.365777 08565 1399143 1608.13 5125 0.1 1960 225000 m5000 0.0852 321 E-04 2.903 1.46E-02 48.14 n .n 0 0 "' 491 38.1 3000 2090 485.988942 192334 119,n1s 1895.09 5125 0.1 1960 225000 1387500 0.0835 2.28E-04 »n 6.01E-03 66.23 98.97 89.71 0 115.3 
'92 23.09 3000 mo 9.55181 0.4783 150.2362 1497.64 5125 0.1 1950 225000 1975000 0.1378 4.67E-04 2.712 1.05E-Q2 3'.33 47.65 0 0 65.7 

"' "·" 3000 "'° 25.903488 1.4369 1662959 1353.01 5125 0.1 1960 225000 2300000 0.1193 3.54E-04 ,.,. 1.17E-02 n .ao ... , 0 0 59.• ... 25.38 3000 1400 403.434284 17.004-4 1284473 1779.4 "'' 0.1 1950 225000 1525000 0 1253 9.93E-05 ,..., 7.33E-03 60.26 98.76 87.61 0 .... ... 46.17 3000 1730 5115'8029 25.6177 150.2362 1•97.64 5125 0.1 1960 225000 1975000 ...... 2.07E-04 2.522 6.50E-03 32.7 99.02 90.23 2.26 1067 ... 24.ll1 3000 2360 51.227628 1.8911 110.7411 2031.64 5125 0.1 , ... 225000 1250000 0.1274 3.23E-04 2283 9.23E-03 3'.TT .. .,. 2A 0 751 .. , 81.3 3000 2590 100246418 3.0003 Ml.788 2500.9 5125 0.1 1950 225000 912500 0.~19 1.7!1:-04 2.739 UQE--02 ,._ .. 95.01 50.12 0 ... ... 30.71 3000 .... 209.TT3662 9.9663 142.5296 1578.62 5125 0.1 1950 225000 1825000 0 .1036 1.64E-04 U 9.09E-03 2822 97.62 76.16 0 76.2 '°°·' 3000 2760 820.221135 33.2362 121 .5831 1850.89 5125 0.1 1950 225000 1C37500 0.0501 3.67E-04 •.699 3.50E-03 2'.57 99.39 93.9 "·°' 1118.1 379.2 
3000 '"° 155.520474 7968 53JM97 41 70.55 5125 o., 1950 225000 '25000 0.0601 2.52E-Ot 3.12 1. 58.41 96.78 67.85 0 .. 302 
3000 2150 139.969396 S.7373 122.9884 1829.74 5125 o., 1960 225000 1462500 0.0863 2.86E-04 2~78 8.79E-03 42.31 96 ... 3 .. .,. 0 78.9 372.3 
3000 1980 139.76557 7.0288 150.8694 1491.36 5125 o., 1950 225000 1987500 0.093 3.17E..0. 2.721 7.87E--03 28.37 96.42 6'.23 0 ... , 4017 

3270 '.U. ,324025 
~()~~ w.~ 39.5 5125 "·' , ... o., 8.61E-Ot ,., ,..., .. .., 0 .,. '=· 3000 1740 217.75682 161 5.72 5125 o., 1960 225000 1762500 0.141 5 1.60E-04 1.573 7.82E-03 86 97.7 n.o, 0 .... 358.6 

3000 2'50 126.561631 6.5502 155.2656 1449.13 5125 o., 1950 225000 2075000 0.0858 5.10E-04 ..... 6.JOE-03 58.17 96.05 60 .49 0 110.1 553.9 
2350 37.560806 1u.u13 128447 1779.4 5125 0.1 1950 225000 0.1315 3.75E-04 

" ·" 5. 97.9 78.95 0 1J7. S16.9 
3000 2690 2.875728 0.1111 115.8579 1942.03 5125 .. , 1950 225000 1337500 0.1302 5.81 E-04 3256 1.26E-02 53.51 0 0 0 551 "' 30 ... 3000 , ... 288.179106 14 692 154.0159 1460.89 5125 01 1950 225000 2050000 0.1027 1.24E-04 1.81 1 9.22E-03 81 .59 96.25 '2.53 0 752 2866 

26.25 3000 1860 333.620871 10949 133.9381 1679.88 5125 0.1 1950 225000 1682500 0.126 2.07E-04 1.83 6.13E-03 47.11 98.5 85.01 0 1131 ___J~1.S 
510 45.32 3000 15'0 530.981975 28.0302 158.3879 1420.74 5125 0.1 , ... 225000 2137500 0.0702 1.48E-04 2.068 7.72E-03 61 .28 ..... 90.58 5.83 89.8 233.8 
511 •3.82 3000 1910 487.2852 21.9729 1352775 1663.25 5125 0.1 1950 225000 16117500 0.0726 2.39E-04 2.682 6.20E-03 65.•2 98.97 89.7' 0 111 .8 311.4 
512 23.-48 3000 1670 17.472i37 0.8639 148.32&4 1516.9 5125 ., 1960 225000 1937500 0.1355 1.96E-Ot 1.73 1.52E-02 8529 71 .38 0 0 ,., 377.5, 

"' 3021 3000 1900 ,n.190042 7.5903 128.5118 1750.111 5125 01 1950 225000 , .. 2500 0.1051 1.99E-04 1.957 9.13E-03 64.31 97.18 71.78 0 75.9 331 .3 

'" 282 3000 1800 335281273 15.0439 134.80845 1671 .51 '"' 
., , ... 225000 1675000 0 .1128 1.65E-04 174 7.20E-03 52.26 98.51 85.09 0 90.2 318.1 

515 , .. 3000 2680 5.6570lil 0.2018 107.0251 2102.31 5125 0.1 , ... 225000 1187500 0.01174 ,.,,. ... 3.441 U7E-02 32.88 11 .62 0 0 47.1 .... 5 
518 21.27 3000 1870 3.797608 0.1973 1558885 1c.c3.34 5125 0.1 1950 225000 2087500 01496 4.16E-04 2406 142E-o2 74.9 0 0 0 48.11 579.9 
517 2~5' 3000 2350 225.876381 10.4756 139.2568 1615.72 5125 o., 1950 225000 1782500 0 .1411 ,.ne ... 2.517 4.e&E-03 24.15 97.78 n.8' 0 148.7 572 
516 3U3 3000 2520 184.945146 7.407 120.1495 1872.67 5125 o., 1960 225000 1412500 O.O!l87 4.37E-04 3237 5.95E-03 57.52 .,, n .96 0 118.5 514.7 
519 ~., 3000 1•70 21 .199657 , .,on 185057 1215.&4 5125 01 1950 225000 2700000 0.1388 2.24E-04 1.816 1.31E..o2 '3.63 76.41 0 0 ,a .... , 
~ 5722 3000 2870 51 .226332 16567 97 02, 231901 5125 ., 1950 225000 1025000 0.0556 4.42E-04 5019 1.17E-02 74.79 90.24 2.39 0 ~91 449.5 



Simulation Parameters and Results: 30% lnvento,y Case 

........ Raquired Required 

r~d I ~-,1 M-,1 I I Rtirl'IW!ing Vokmti ator .....,, -~ -llximum at eonc.itn11ion RelNae Rita 1-0 """"' abovtlFb;.cl FftlOrdel' e1un,.. e1un,.. .,.,...., -Fixed Source Compliance Compunce at Compianca Source Soun:ie S119Mllub .... .... To- Sou~ Ra~ Longitudinal - ·-·--- c.bon 
Rulizatio I Velocity I ConcentlaOOfl I Boundary Boundary Boundl,y Rite Duration e Length - Den•~ Sou~ Concenll':IOOfl - Kd eon,..,, - (5...,,_ (50jlg/l. (500jlg/l. ... ,- T,,_ 

(m) (ml/m~ "'"'"'~ (Kol (m3) {ml.Im]) (m>IKQ) Retatdation ""' (ml eon_,.., Compliance) """"'- (y) Tra,vetr~M 
5125 0.1 1950 220000 1587500 0.1217 2.01 E-04 1.834 5.34E-03 •1.83 98.92 89.19 0 129.7 359.6 
5125 0.1 1950 220000 1075000 0.1382 1.91E-04 1.7 1.11E--02 53.74 91 .52 15.24 0 62.4 378.5 

523 32.17 3000 2550 1.03241 0.0418 121.5631 1850.89 5125 0.1 1950 220000 1-437500 0.0989 5.-47E-04 3.79' 1.72E--02 51.28 0 0 0 403 604.4 
524 26.1 3000 1810 9.96-4249 0.4666 139.91-43 1608.13 5125 0.1 1950 220000 m0000 0.1219 2.60E-04 2.078 1.63E--02 71 .31 49.92 0 0 •2.6 408.1 
525 34.39 3000 1530 82.712913 5.11163 188.-4683 1193.83 5125 0.1 1950 220000 m0000 0.0925 2.63E-04 2.438 1.07E-02 -48.2-4 93.95 39.55 0 64.8 363.-4 ,,. 33.24 3000 2010 446.1041• 19.-4144 130.5599 1723.35 5125 0.1 1950 220000 1800000 0.0957 2.-41E-04 2.27-4 5.52E--03 17.92 98.88 88.7'1 0 125.6 350.6 
527 22.22 3000 3130 8.1821 57 0.2267 83.1021 2707.51 5125 0.1 1950 220000 812500 0.1-432 5.23E-04 2.848 1.13E--02 78.8 38.89 0 0 61 .3 657 
528 2-4.87 3000 2250 61.,1m9 3.1618 1-40.5704 1600.62 5125 0.1 1950 220000 1787500 0.1279 -4 .22E-04 2.689 H5E--03 -40.21 92.59 25.9 0 93.1 549.9 
529 25.57 3000 1630 106.083276 2.878 81 .3886 2764.52 5125 0.1 1950 225000 787500 0.1244 1.58E-04 1.643 1.06E--02 40.5 95.29 52.87 0 65.5 329.3 
530 34.73 3000 2440 100.-463881 •.1-41-4 123.6681 181 9.39 5125 0.1 1950 225000 1-475000 0.0916 3.93E-04 3.169 7.78E--03 33.81 95.02 00.23 0 89.1 -467.6 
531 2-4 .7 3000 2640 19.65531 0.681-4 103.9994 2163.-47 5125 0.1 1950 220000 1137500 0.1288 3.76E-04 2.-47-4 1.03E--02 '2.04 7-4.56 0 0 157.2 513.3 
532 51 .39 3000 3590 326.58309 8.0931 7•.3438 3026.-48 5125 0.1 1950 225000 687500 0.0819 -4 .17E-04 -4 .-404 5.61E-03 58.32 98.-47 64.69 0 123.6 -439.1 
533 39.•2 3000 2710 68.07079 2. 1111 93.0387 2-418.35 5125 0.1 1950 225000 962500 0.0807 2.88E-04 2.804 1.10E--02 28.58 92.65 26.55 0 63 364.5 
534 37.92 3000 2890 264.976086 7.9306 89.788 2505.9 5125 0.1 1950 225000 912500 0.0839 3.-49E-04 3.103 6.2•E-03 53.15 98.11 81 .13 0 111 .1 -419.-4 
535 31.25 3000 2540 84.213632 3.0881 110.0086 2045.3 5125 0.1 1950 225000 1237500 0.1018 -4 .-48E-04 3.223 8.00E-03 81.85 94.06 4063 0 66.7 528.6 
536 31.59 3000 1560 187.151852 10.2233 163.an 1372.98 5125 0.1 1950 225000 2250000 0.1007 2.06E-Ot 2.044 8.51E-03 15.12 97.33 73.28 0 81.5 331 .6 
537 .... 3000 1830 662A22096 37.3816 169.2951 1329.04 5125 0.1 1950 220000 2362500 0.0632 2.ME-04 3.7 -4.98E-03 00.93 99.25 92.45 2-4.52 139.1 317.1 
538 53.56 3000 3500 32.128229 1,097-4 102.-4699 2195.77 5125 0.1 1950 225000 1112500 0.0594 6.69E-04 6.697 9.44E-03 ..... 64.44 0 0 73.-4 640.8 
539 39.72 3000 3430 44.631049 1.3601 111.-4206 2-461 .15 5125 0.1 1950 220000 937500 0.0801 -5_7oe-04 -4 .6 8.37E-03 48.92 .... 0 0 82' 593.5 
540 39.72 3000 2100 131.766275 6.2029 1-41 .22-49 1593.2 5125 0.1 1950 220000 1800000 0.0801 3.27E-04 3.062 8.18E-03 18.57 !16.21 62.05 0 64.7 395.1 
541 23.-43 3000 1630 193.616485 7.2898 112.9522 1991 .99 5125 0.1 1950 220000 1287500 0.1356 1.12E-04 1.-416 9.33E-03 72.01 97.-42 7-4.18 0 7-4.3 309.7 
542 35.59 3000 1370 367.646802 20.-4532 166.9979 1348.13 5125 0.1 1950 220000 2312500 0.089' 1.20E-04 1.677 a.96E-03 45.27 ..... 66.4 0 n.3 2-41.5 
543 2-4.36 3000 1480 153.-434897 8.75 171.0818 1315.16 5125 0.1 1950 220000 2400000 0.1306 1.75E-04 1.678 8.61E-03 23.16 96.7-4 67.-41 0 80.5 353.1 
544 34.64 3000 2590 85.11163 3.22:52 113.6821 1979.2 5125 0.1 1950 220000 1300000 0.0913 3.80E-Ot 3.102 8.16E-03 20.61 94.13 41.25 0 85 -456.2 
545 26.3' 3000 2220 5.-473705 0.2695 1-47.6897 1523.-46 5125 0.1 1950 225000 1925000 0.1208 -4.27E-04 2.785 1.27E--02 25.Ja .... 0 0 54.8 5-41.9 
546 63.25 3000 2950 22.166963 1.1565 156.5102 1-437.61 5125 0.1 1950 225000 2100000 0.0503 6.76E-04 7.791 1.07E-Q2 71 .86 77.44 0 0 651 631.3 
547 -45.13 3000 2230 88.223421 3.3091 115.13-49 1954.23 5125 0.1 1950 220000 1325000 0 .0705 3.15E-Ot 3257 1.15E-Q2 883 942 -42.01 0 602 369.9 ... 22.n 3000 1950 69.11 807-4 2.9292 127.137-4 1769.7• 5125 0.1 1950 225000 1537500 0.1397 2.06E-04 1.7-47 1.01E-02 •3.03 92.77 27.66 0 68.5 393.2 
540 2-4.~ 3000 3700 "·""" 2.3581 73.-43i9 3063.73 5125 0.1 1950 220000 670000 0.1297 5.16E-Ot 3.0 12 5.82E-03 32.12 9'.81 49.09 0 119.1 '"'· 550 26.25 3000 2300 25.829295 0.915 106.2727 2117.2 5125 0.1 1950 225000 1175000 0 .1212 2.•2E-Ot 2.009 1.30E-02 -40.72 ..... 0 0 53.1 392.2 
061 2292 3000 1260 155.583983 5.-433 104.7599 21-47.77 5125 0.1 1950 220000 1150000 0.1388 1.15E-04 1.-418 9.6 1E-03 36.-41 96.7'1 67.86 0 72.1 31 7.1 
552 28.61 3000 3040 18.-411783 1.0681 17-4.0393 1292.81 5125 0. 1 1950 225000 2-462:500 0.1112 7.23E-04 4288 7.32E-03 -40.12 n .64 0 0 94.7 768.2 
553 25.27 3000 13'0 2-4 .09125 1.2618 157.1306 1-431.93 5125 0.1 1950 225000 211 2500 0 .1259 1.53E-04 1.615 1.S•E-02 27.96 79.25 0 0 -45.1 327.5 
554 58.59 3000 2020 -499.134278 20.-4593 122.9684 1829.7-4 5125 0.1 1950 220000 1-462500 0.0543 2.09E-04 2.9-41 7.-41E-03 61 .01 99 89.98 0 93.5 257.2 
555 26.6 3000 2960 68.823972 1.827-4 79.6568 282•.62 5125 0.1 1950 220000 762500 0.1196 2.70E-04 2.1-42 1.02E--02 73.92 92.7-4 27.35 0 67.9 -412.7 
558 22.-42 3000 2260 3n.128118 18.-4387 130.5599 1723.35 5125 0.1 1950 220000 1800000 0.1-419 3.81E-04 2.356 -4 .02E-03 49.28 ..... 86.76 0 172.3 538.6 
557 -45.77 3000 1690 78.503651 2.9366 112.2199 2004.99 5125 0.1 1950 220000 1275000 0.0695 1.70E-04 2.237 1.52E-02 29.•9 93.63 36.31 0 -45.5 250.5 
558 25.15 3000 2720 8.379591 0.2819 100.929 2229.29 5 125 0.1 1950 220000 1087500 0.1265 3.89E-04 2.556 1.20E.o2 20.67 40.33 0 0 57.9 520.8 

"' 26.38 3000 2170 38.833688 12898 100.1541 22-46.5-4 5125 0.1 1950 225000 1075000 0.1206 1.88E-04 1.787 1.37E--02 60.23 87.08 0 0 50.7 347.2 
080 30.92 3000 1320 -40.838051 2.-4801 182.1901 123-4.97 5125 0.1 1950 225000 2637500 0.1029 1.18E-Ot 1.58 1.80E-02 73.2A 87.76 0 0 38.S 261 .9 
'61 36.82 3000 1310 77.468452 -4 .8522 187.9019 1197.-43 5125 0.1 1950 220000 2762500 0.0664 1.60E-04 1.936 UOE--02 21 93.55 35.46 0 •9,6 269.5 
062 38.05 3000 3040 55.056012 2.0729 112.9522 1991 .99 5125 0.1 1950 225000 1287500 0.0836 7.02E-04 5.247 7.59E-03 97.-42 90.92 9.18 0 9U 706.7 
563 27.88 3000 2760 0.755-48 0.0463 183.9129 1223.-4 5125 0.1 1950 225000 2675000 0.11-41 6.04E-Ot 3.675 1.32E--02 13.81 0 0 0 "' 675.6 ... 27.86 3000 2190 29.610217 0.87 88.1-405 2552.7-4 5125 0.1 1950 225000 887500 0.11-42 2. 19E-04 1.971 1.37E-Q2 -40.31 83.11 0 0 00.8 36H 
065 = .53 3000 2470 630.3971-46 21.2064 100.929 2229.29 5125 0.1 1950 220000 1087500 0.0978 2.66E-04 2.3n 4.34 57.03 99.21 92.07 20.88 159.8 374.5 
566 27.1 3000 2810 222.6 11 51 7.7172 103.9994 2163.47 5125 0.1 1950 220000 1137500 0.117-4 4.20E-04 2.808 5.07E-03 2•.23 97.75 77.54 0 136.8 531 
567 22.-45 3000 1950 18.049683 0.7649 127.137-4 1769.7-4 5125 0.1 1950 220000 1537500 0.1•17 2.22E-04 1.792 1.38E--02 56.93 72.3 0 0 00.3 4092 ... 22.9 3000 2460 73.653496 2.791 11 3.6821 1979.2 5125 0.1 1 ... 220000 1300000 0.1389 -4.00E-Ot 2'55 7.34E-03 -49.53 93.21 32,11 0 94.4 5-49.3 ... -48.72 3000 1080 250.03-4033 10.6536 127.8255 1760.21 5125 0.1 1950 225000 1550000 0.0653 1.07E-04 1.829 1.33E--02 35.7-4 98 80 0 52 192.-4 
570 23.15 3000 2830 106.98-4913 3.-4881 97.8112 2300.35 5125 0.1 1950 225000 1037500 0.137-4 -4.71E-04 2.734 6.2<lE-03 70.98 95.33 53.26 0 111.7 605.2 
571 37.78 3000 740 1041.2663 -45.5516 131.239 171-4.-43 5125 0.1 1950 220000 1612:500 0.0642 8.53E-05 1.512 5.19E-03 20.78 99.52 952 51 .98 133.5 205.1 
572 -49.32 3000 2320 225.767875 11.2541 1229664 1829.7-4 5125 0.1 1950 220000 1-462500 0.0645 3.08E-04 3.-4 13 7.63E-03 26.89 97.79 77.85 0 908 354.6 
573 23.27 3000 2520 192.268059 5.6-4811 88.1•05 2552.7-4 5125 0.1 1950 220000 887500 0.1367 2.0SE-04 1.757 7.-49E-03 58.25 97,-4 73.99 0 9>5 387 
574 35.31 3000 2980 84.110361 3.8487 137.27•3 1639.05 5125 0.1 1950 225000 1725000 0.0901 5.88E-04 4.302 6.23E-03 .... 94.06 40.55 0 111.3 62-4.-4 
575 -47.M 3000 810 998.058968 -47.03311 1-43.1797 1571.-45 5125 0.1 1950 220000 1837500 0.0665 -4.52E~ 1.344 7.82E-03 7'.28 99.5 94.99 •9.9 88.6 1•3.9 
576 35.31 3000 1510 153.618982 -4 .1676 8 1.3886 2764.52 5125 0.1 1950 220000 787500 0.0901 1.79E-01 2.005 1.0SE--02 21.22 96.75 67.-45 0 662 291 

"" 32.07 3000 1130 191 .93499 7.8224 122.2<63 1840.24 5125 0.1 1950 220000 1400000 0.0992 1.32E--04 1.673 1.05E-02 23.31 117.39 73.95 0 .. 267.3 
578 22.81 3000 2510 12.504973 0.-4829 115.8579 19'2.03 5125 0.1 1950 220000 1337500 0 .1395 -4 .53E-04 2.6-4 1.04E-02 44.71 60.02 0 0 66.6 593°2 
579 -46.31 3000 2800 156.706223 -4 .6041 88.1-405 2552.7-4 5125 0.1 1950 220000 887500 0.0687 2.75E-04 3.026 9.51E-03 -45.15 96.81 68.09 0 72.9 33-4.9 
580 35.95 3000 3160 19.6-4985 0.6685 132.592 1696.9-4 5125 0.1 1950 225000 1837500 0.0885 6.51E-04 -4 .719 8.65E-03 40.35 74.55 0 0 80.1 672.7 
581 -42.06 3000 2970 125.187312 5.5611 133.2659 1688.35 5125 0.1 1950 225000 1650000 0.0756 6.20E-01 5.1-48 5.72E-03 n .46 96.01 60.06 0 121 .1 627 
582 21 .22 3000 2070 16.390466 0.8551 156.5102 1-437.61 5125 0.1 1950 220000 2100000 0.1499 3.74E-04 2.261 9.ME--03 13.52 69.49 0 0 70.5 546 
583 56.81 3000 3100 85.83157-4 -4 .0218 1-40.5704 1600.62 5125 0.1 1950 225000 1787500 0.056 5.29E-Ot 5.7n 7.JBE-03 35.61 94.17 41.75 0 93.9 520.7 
584 -49.25 3000 1720 -471 .926085 2-4.326-4 1[)4 .6414 1-45-4.98 5125 0.1 1950 220000 2062500 0.0646 2.30E-04 2.802 6.7-4E-03 62.11 98.94 89.-41 0 102.8 291 .6 
585 37.7-4 3000 1380 •7.810466 2.2922 1-4 3.8283 1564.37 5125 0.1 1950 225000 1800000 0.0643 1.2-4E-Ot 1.744 1.88E-02 54.7 89.54 0 0 36.8 236.8 



Simulation ParameteB and Results: JO-A, lnvenlo,y CH• 

r ~ of I MHm,m I Mum,m 

Fixed Source 
Maxim'."" a t Cooc«, tralion Release Rate 
Compliance Compliance a! Compliance 

Reallzallo j Velocity I Concentratk:wi Boundary Boundary Boundary 
IL) "' 

·-..... Iv-.. ~ 1-0 Carbon aboveF"ixed 
Sou!C41 ! Source I Streamtub Base 8.,. I Tatrachloride Source 

e Length Porosity Oeristy Source Concentration 
n) lm,lm, l CKolm21 

3000 2520 51 25 0.1 1950 
3000 51 25 0.1 1950 
3000 5125 0.1 1950 
3000 1950 
3000 1950 
3000 1950 
3000 1950 
3000 1950 
3000 1950 
3000 1950 
3000 1950 

52.15 3000 
-

5125 0.1 1950 
27.01 3000 5 125 0.1 1950 
40.02 3000 5125 0.1 1950 

-12.3 3000 5125 0.1 1950 
34.69 3000 5125 0.1 1950 
,u3 3000 5125 0.1 1950 
38.2-1 3000 5125 0.1 1950 

34.5 3000 5125 0.1 1950 
-18.35 3000 5125 0.1 1950 
39.03 JOO() 5125 0.1 1950 
51.15 JOO() 5125 0.1 1950 
-10.63 JOO() 5125 0.1 1950 
2-1 .53 JOO() 5125 0.1 1950 
27.64 JOO() 157of" 53.905155 5125 0.1 1950 
56.11 JOO() 2090 822.931-108 5125 0.1 1950 
36.'8 JOO() 2290 306.9204&6 51 25 0.1 1950 
36.28 3000 3230 2.01n 12 5125 0.1 1950 

32.7 3000 5125 0.1 1950 
5'.1 3000 5125 0.1 1950 

28.7-1 3000 5125 0.1 1950 
26.27 3000 5125 0.1 1050 
58.00 3000 5125 0.1 1050 
27.A7 3000 5125 0.1 1950 
25.91 3000 5125 0.1 1050 
28.69 3000 5125 0.1 1950 
59.58 3000 5125 0.1 1950 
51.31 3000 5 125 0.1 1950 
23.07 3000 5 125 0.1 1950 ... , 3000 5125 0.1 1050 
25.21 3000 5 125 0.1 1050 
33.66 3000 5125 0.1 1950 
-17.13 JOO() 5 125 0.1 1950 
-18.94 3000 5125 0.1 1950 
-18.51 JOO() 5 125 0.1 1950 

"·' 3000 5125 0.1 1950 
-12.76 3000 5125 0.1 1950 

833 ><.= 3000 5125 0.1 1050 
634 29.16 3000 5125 0.1 1950 
635 25.37 JOO() 5125 0.1 1950 
636 34.58 JOO() 5125 0.1 1950 
637 53.11 JOO() 5125 0.1 1950 
638 60.03 3000 5125 0.1 1950 
639 29.76 3000 5125 0.1 1950 
6'0 -13.17 3000 5125 0.1 1950 

'" -1 2.03 3000 5125 0.1 1950 

'" 21 .39 3000 5125 0.1 1050 

'" 32.6 3000 5125 0.1 1950 .... 2621 3000 5125 0.1 1050 - -225000 .... 31.07 3000 5125 0.1 1950 225000 .... -1 3.05 3000 5 125 0.1 1050 225000 

"' 35.51 3000 5125 0.1 1950 225000 .... 22.05 3000 5125 0.1 1950 225000 .... 21.25 3000 ,. 5125 0.1 1950 225000 
650 21.58 30001 5125 0.1 1950 225000 

Porosity I Kd 
(m' lm, ) (m3/Kg) IRetardalion 

·o:-0803 3 .94E-04 
0.11-17 2.36E-04 
0.0823 1.11E-04 
0.0968 3.2-1E--04 
0.0659 1.31E--04 
0.0995 2.31E--04 
0.0923 1.06E-04 
0.1179 3.0SE-04 
-0.127 5.20E-04 
0.1331 1.57E--04 
0.0631 -1.19E-04 

0.061 1.66E-OI 
0.1178 -1 .90E-04 
0.0795 U9E--04 
0.0752 -1 ..26E-04 
0.0917 6.36E--04 
0.0716 3.69E-04 
0.0832 5.69E-OI U 56. 
0.0922 1.27E--04 1.695. 

g:::+=:-t ~:~:. 
0.0622 -1 .SOE--05 1.365. 
0.0783 2.96E-04 2.909 

~: ~ ~~I ~:~~:l ~ :~~ 
g:=I ~:~~:I ~::: 
g::~1 ~:~:1 4~!! 
r:~Ff~~!l~ 
~:~r::~:, ~:: 
g:~:1 ~:=: 1 ~:: ~=1~:::r---,:a94 

0.062 -1.7-1E-05 
0.1379 1.18E-04 

0.1121 2.52E-04 
0.1262 1 8.79E-05 

g:g:1 i~: 
0.065 1.31E-04 

0.068-1 5.&4E-OI 
0.0982 2.82E-OI 
0.01,1,1 3.91E-04 
0.0911 2.49E-04 
0.1091 1.53E-=oi 
0.1254 7.36E-04 

0.092 5.01E-04 
0.0599 3.09E--04 

0.0531 2.00E-OI 
0.1069 5.S4E-04 
0.0737 2.-18E-04 
0.0757 -1.01E-04 
0 .1-187 7.-19E-05 

0.097 1.08E-OI 

0.102-1 9.15E-05 
0.0739 2.17E-OI 

g:~~I ::~: 
0.1-1 971 3.03E-04 
0.1-1 74 1 -1 .02E-04 

5.57E-03 
7.11E-03 
7.52E-03 
6.17E-03 
1.46E-02 
5.12E-03 
1.59E-02 
3.79E-03 
1.21e-02 
9.73E-03 
1.28E-02 
5.61E-03 
U9E-03 
1.27E-02 
7.36E-03 
USE~ 
8.56E-03 
9.!ilSE-03 
TI>2E-02 
9.42E-03 
1.0BE 
·g29e 
1.26E 
-1 .16E 
5.36E 
6.<ME 
5.91E 
7.93E 
8.87E 
5.97E 
1.18E 

33.89 
56:fi 
51.95 
37.35 
70.07 
25.76 
31.39 
53.26 
67.90 
85.12 
29.42 ....... 
38 ... 
35.68 
'6.62 
'6.18 
25.11 
4().58 
70.71 
54.57 ----,,-
93.99 
32.02 
29.'8 
"if.51" 
~s---:-52 
63.67 
23.87 
-15.35 
32.94 
34.01 
31.13 
36.'6 ...... 
SU 6 
5'.3 

3429 
33.5 

2A .96 
32.09 
29.55 
73.32 
36.-15 
16.55 
17.51 
n::i3 

24.8 
79.5' 
52 ... 
68.67 

78.3 
,1Ll4 

" ·" 27.16 
~ 
55:ie 
.,~75 ...... 
21 .n 
81.91 
-13.06 

Required Required Required 
Sou<ce Sou<ce Sou<ce 
Cleanup Cleanup Cleanup 

Percentage Percentage Percentage 
(5 µgl\. (5011g/L (500 11g/L 

Corrlplia,'Q) Compliance Compliance 

:::~I 93.~I 30.~ 

::~I ::~I ~:~ ~,~=,-~ 
::~I 93.~I 3U~ 

99.3~1 93.~I 30! 
·::~! :::! ::~ 
98.~ I 88.~ I g :::r ao.z: 
:::1 ~::1 0 

:.~I : :~I 57.~ 

~:~I :::~~ I 72.~ 
92.21 21 .961 0 

90.~I ~::! g 
::~I : :~I 39.2~ 

n.6~1 g1 g 
:.~, =~1 69.~ 

: :~! ~~~I 12.3~ 

;~:~I g1 g 
: :~I 65~1 g 
:.;~I :~:~! ~:: 
98.-171 8' .67 [ 0 
99.17 91 .74 17.38 
97.35 73.-17 0 

97.7 n .03 o 

oo---:-e 
87.27 
95.39 
94.35 
98.57 
63.31 
99.-19 
76.88 

"·" 98.61 
ii:oi 
9923 
98.31 
95.97 

0 
96.22 

55.6 

65.99 ----. 
53.87 
-13.-19 
85.71 

94.87 ----. 
29.59 
86.13 ----. 
9225 
83.15 
59.71 

0 
62.21 

-12.41 
0 

48R ----. 
0 

22.53 

Ab"" 
Reaction ! CMbon 
1-\alfTlme Tetrachloride 

Travel Tlmll 

1~;:~--t::: ,~:~,-- :;::: :~;r-- -- ;!!:~ 
1~;:r==!::~ 1~~,- ~~~ 
: ::1 ~:~ 
"e!I-- :::~ ,~~;,-=~~~' 
, ~~:! I :~;:~ 
1;~:!I 25,~ 

~3~1 ;~:: 
57.3] 367 ::;r---~::: 

~!!:;1 ::;~ 
::~r==~:~ 
1:~i- ----, --:1! 

:::;1 ;~:~ 
73.6 661.7 
6".3 -195.1 
7U 338"°31 

55.2 -17-1.1 

~:.~, ~~!' 
11U J 385.8 
117.31 270 
87.-1 ] 364.2 
78.11 306.3 

116.2 211 .1 
58.7 585.9 
59.8 387.8 
38.2 -138.1 
70.1 349.2 1~:~1--::: 

l~-~:·;1---::; 
75.-1 1 2-18.5 
77.8 623 

189.1 320.6 
55 448.6 

52.6 300.6 
78.6 24U 

" 309 
105.5 239.5 

84 295.8 
115.2 602 

98~, :~~~ 
63.1J 565.1 



r-o1 Mw,um Mw,um 

1-0 
Flud Sou"" Stn1amrub .. M """' Realizatio Velocity Concentration a l ength Poro,lty Dens~ 

m) (m,,m, 

5125 0.1 
5125 0.1 
5125 0.1 
5125 0.1 
5125 0.1 

29.11 3000 5125 0.1 1950 
38.8 3000 5125 0.1 1950 

22.n 3000 5125 0.1 1950 ... 3'02 3000 5125 0.1 1950 
660 25.66 3000 5125 0.1 1950 
861 22.7' 3000 5125 0.1 1950 
662 46.65 3000 5125 0.1 1950 
663 30.4' 3000 5125 0.1 1950 ... 41 ,1 3000 5125 0.1 1950 
665 30.5 3000 51 25 0.1 1950 ... 22.n 3000 5125 0.1 1950 
667 24.34 3000 5125 0.1 1950 
668 60.6 3000 5125 0.1 1950 ... 36.15 3000 5125 0.1 1950 
670 48.42 3000 5125 0.1 1950 
671 22.37 3000 5125 0.1 1950 .,, 30.89 3000 5125 0.1 1950 
673 39.28 3000 5125 0.1 1950 
67< 2 U 5 3000 5125 0.1 1950 
675 22.05 3000 5125 0.1 1950 
676 53.47 3000 5125 0.1 1950 
677 23.37 3000 5125 0. 1950 
676 4'.25 3000 5125 0.1 1950 
679 39.13 3000 5125 0.1 1950 
660 51 .81 3000 5125 0.1 1950 
661 25.64 3000 5125 0.1 1950 
662 28.28 3000 5125 0.1 1950 
663 26.91 3000 5125 0.1 1950 ... 51.9 3000 5125 0.1 1950 
665 57.63 3000 5125 0.1 1950 ... 25.84 3000 5125 0.1 1950 
667 50.3' 3000 5125 0.1 1950 ... 4 1.32 3000 5125 0.1 1950 ... 39 .• 7 3000 5125 0.1 1950 
660 27.35 3000 5125 0.1 1950 
891 6201 3000 5125 0.1 1950 
892 25.81 3000 5125 0.1 1950 
693 27.08 3000 5125 0.1 1950 ... 28.66 3000 5125 0.1 1950 
695 48.42 3000 5125 0.1 1950 
696 38.74 3000 5125 0.1 1950 
697 22.69 3000 5125 0.1 1950 ... 332' 3000 5125 0.1 1950 
699 28.58 3000 5125 0.1 1950 
700 21.31 3000 5125 0.1 1950 
701 41.75 3000 5125 0.1 1950 
702 30.63 3000 5125 0.1 1950 
703 28.53 3000 5125 0.1 1950 
70< 2,U2 3000 5125 0.1 1950 
705 3'.n 3000 5 125 0.1 1950 
706 28.61 3000 5125 0.1 1950 
7" 41 .69 3000 5 125 0.1 1950 
706 22.85 3000 5125 0.1 1950 
709 .. .,. 3000 5125 0.1 1950 
710 3352 3000 5125 0.1 1950 
711 2503 3000 5125 0.1 1950 
712 28.79 3000 5125 0.1 1950 
713 25.68 3000 5125 0.1 1950 
7" 27.93 3000 5125 0.1 1950 
715 24.93 3000 5125 0.1 1950 

Remaining Volume at o, 

"""'°" at:iov. F'ixed 
Tetrae:Noride """"" Sou"" Concentration Kd 

225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 

1.498 , .... 
2.165 
2.294 
1.545 
1.663 
3.423 
1.789 ,.,., 
2136 

1.67E-04 2 .103 
3.12E-04 2.133 

0.0586 4.33E-04 4.731 
0.0949 1.42E-04 1.75"1 1.661:-02 
0.1271 3.98E-04 2563 5.89E~ 

225000 14112500 0.1105 2.91E-04 2.33 1.«E-02 
225000 1500000 0.1239 7.84E-04 4.196 1.15E-02 
225000 1612500 0.11 39 1.08E-04 1.479 1.13E.o2 
225000 2662500 0.1276 5.15E-05 1104 7.71E-03 

89.97 
27.51 
29.6' 
56.6' 
91 .71 
5'.63 
55.03 
26.49 

24.5 
22.9' 
49.83 

31 .9 
21 .09 
35.88 
'5.03 
32.42 
38.35 
20.03 
5-9.67 
21 .65 
44 .87 
89.41 
31.52 
271 
37.1 
39.6 

85.16 
37.75 
Zl.6' 
45.43 
66.76 
14.95 
50.66 
72.89 
35.31 
6116 
76.88 
50.62 
33.18 
'71 

22.27 
'8.33 
63.81 
49.91 

71 .8 
63.18 
29.07 

29.12 
40.79 
'6.26 
26.56 

Reqund Reqund Reqund 
Sou-ce Sou-QI Sou-Cle 

Cleanup Cleanup Cleanup A.biotic 
Percentage Percentaoe Percentage Reaction Carbon 
(5~ (SO l'gll (5001.1g/l HalfTime Tetrachloride 

Cornplianot) Compliance Compliance) Travel rme 
97.96 79.n o 86.6 323.9 
99.47 905 47.5 137.4 230.9 
99.53 95.28 52.82 126.9 195.8 
99.55 95.•7 5-1.69 120.7 177 
98.8 68.03 0 99.1 306.6 

79.23 0 0 55.6 41 0.3 
99.16 91.6 15.96 84.2 1!Hl.3 

0 0 0 45.4 780.1 
91 .87 18.67 62.8 421 
82.39 0 83.4 652 
98.52 65.23 117.4 555.7 

0 0 41.6 496 
97.49 74.94 85.9 344.7 
92.7 26.96 51 289.2 

75.59 0 0 46.1 366 .• 
93.37 33.69 0 102.5 576.6 

0 0 0 61.6 779.7 
99.44 94 .45 44 .46 11 8 209.1 
94 .49 44 .91 0 114.4 600.8 
96.07 60.69 0 116.7 545.7 
94.22 42.19 0 89.3 482.3 

87.9 0 0 77.6 504.1 
98.16 81.59 0 50.9 183.5 
97.26 72.63 0 79 324.2 
85.88 0 0 52.5 356 
98.27 82.75 58.9 217 

0 0 43.3 636.8 
99.14 91 .42 142' 105.7 254.7 
9.52 0 0 52.7 574.4 

67.03 0 0 39.2 341 .4 
98.33 83.27 0 126.9 459.2 
51 .96 0 0 43.9 390.8 

0 0 0 45.9 484.9 
96.36 63.57 0 83 410.3 
99..22 92.19 21 .87 75.7 175.4 

75.2 0 0 108 824.6 
98.91 89.11 43.7 120.9 
97.27 72.72 85 383 
95.98 59.82 55.3 265.1 

93.9 38.99 95 580.4 
99.17 91 .11 11.oa n 187.9 
98.54 85.44 0 86.2 277.6 
95.61 56.15 0 65.2 318.5 
52.37 0 0 39.. 354.8 
98.43 84 .32 0 168.5 566.7 
95.03 50.32 79.9 429.7 
96.27 62.66 71.3 338.3 
98.04 80.44 195.8 685.7 
98.87 88.68 0 133.9 391 .7 
52.12 0 0 58.2 551 .7 
99.31 93.12 31 .18 91 .6 189.7 
~ 13 61~ 0 ~5 ~4 
94.45 4.t.54 0 109.8 614.8 
97.5 75.01 0 93.3 375.5 

19.S3 0 0 53.6 645.9 
54.14 0 0 43.1 400.6 
98.16 81 .63 68.2 __ 258.5 
97.58 75.83 119.2 478.4 
97.79 n.88 100.8 446.6 
89.42 0 41 .7 268.1 
96.99 69.9' 11 7.7 528.8 
56.'7 

0 
96.75 
98.9 

117.46 
89.02 

48.1 
60A 

90 

414.8 
837.8 
271.3 
247.5 



SimWlion Paramet9fl and Rasults: 30% Inventory Cne 

Required Required Required 

r~o1 Mnimum Mu>oom ·- Vountl •tor - - -Maximum at Conoentralion ReluN Rate 1-0 Cart>on above Fixed First0rd6! e1un.., .,..,.., Clo~ ... -Fled Souroe
1 
I Compliance Compunoo at Compliance Sou~ Sou= Streamtub Ban """ Tetractiloride Sou~ ... Lcngitudina;I Peroentage Peroentage Peroentage Reaction Cart>on 

Realizatio I Velodty I Concentration Boundary Boundary ....,,.~ Rate Duration eLenglh """"'" °""'" Sou= Concentration Porosity Kd Comtanl """"""'" (5.,gi\. (50µgi\. (500 µgi\. Half Time Tetrachloride 

("""'I M '"""' /KM,) '""" ,,, Im) (m1lm' l 1Kalm1) IK I lmJI lm11m11 1m11Ka) Retardalion OM (m) Compliana,) Compliance) Con-ofia,,co (y) Travel Time ( 
5125 0.1 1950 225000 2612500 0.1412 9.08E-05 1.325 1.25E-02 23.92 93.37 33.74 0 55.5 301 .4 
5125 0.1 1950 225000 1475000 0.051 6.71E-05 1.665 6.97E-03 75.19 99.58 95.n 57.67 99.5 136.8 
5125 0.1 1950 225000 1950000 0.098 3.77E-04 2.947 1.68E-02 10.71 0 0 0 41 ,4 465.3 
5125 0.1 1950 225000 1550000 0.1059 3.16E-04 2.507 8.10E-03 .... 96.47 6'.67 0 85.5 427.8 
5125 0.1 1950 225000 1612500 0.0971 3.22E-04 2.678 1.02E-02 46.01 91 .75 17.49 0 .. 418.8 

-- - ---
721 22.87 3000 1920 102.941934 5.6356 165.6929 1357.93 5125 0.1 1950 225000 2287500 0.1391 3.84E-04 n96 6.80E-03 52.63 95.14 51 .43 0 102 536.9 
722 2'.23 3000 1870 1235258928 48.0016 116.5786 1930.03 5125 0.1 1950 225000 1350000 0.131 3 1.39E-04 153' 2.78E-03 56.12 99.6 95.95 59.52 249.8 324.6 
n, 42.59 3000 2160 40.018723 1.631 122.2668 1840-24 5125 0.1 1950 225000 1'50000 0.0747 2.95E-04 2.996 1.31E-02 38.17 87.51 0 0 52.8 360.5 
m 42.7 3000 1560 76.111 119 3.0302 11 9.4396 1883.8 5125 0.1 1950 225000 1'00000 0.0745 1.97E-04 2.339 1.34E-02 152 93.43 34.31 0 51.6 280.7 
725 47.27 lOOO 2370 37.008397 1.4203 11 5.1349 1954.23 5125 0.1 1950 225000 1325000 0.0673 3.09E-04 3.321 1.32E-02 28.01 86.49 0 0 52.6 360 
726 22.64 3000 3360 94.049396 3.2124 102.'699 2195.n 5125 0.1 1950 225000 1112500 0.1405 6.37E-04 3291 5.02E-03 37.59 ..... ..... 0 138 744.9 
727 24.93 3000 3740 9.820231 0.2404 73.4399 3063.73 5125 0.1 1950 225000 675000 0.1276 5.25E-04 3.08 9.87E-03 26.95 49.06 0 0 702 6332 
na 27.98 3000 710 553.54963 16.5674 89.788 2505.9 5125 0.1 1950 225000 912500 0.11 38 5.17E-05 1.23 7.59E-03 31.07 99.1 II0.97 9.67 91 .3 225.4 
729 21 .85 3000 1920 118.9678n 5.4174 136.6103 1647.02 5125 0.1 1950 225000 1712500 0.1456 2.44E-04 1.&46 7.72E-03 30.42 95.8 57.97 0 89.8 ..,, 
730 37.3 3000 2070 934.989627 38.9n1 125.0616 1799.11 5125 0.1 1950 225000 1500000 0.0653 2A<IE-04 2.42 3.57E-03 32.14 99A7 9U5 '6.52 194.3 33~5 
731 35.S3 lOOO '"° 183Mn57 3.5529 58.1021 3872.49 5125 0.1 1950 225000 '75000 0.0888 4.49E-04 3.556 5.98E-03 45.92 97.27 n .14 0 115.9 508.7 
732 30.13 3000 298(1 6.3n56 0.2432 114.4096 1966.62 5125 0.1 1950 225000 1312500 0.1056 6.53E-04 4.128 1.11E-02 54.78 21 .6 0 0 62.5 702.2 
733 32.86 3000 1510 27.408425 1.4805 162.0511 1388.45 5125 0.1 1950 225000 2212500 0 .0968 1.82E-04 1.949 1.61E-02 2'.52 81 .76 0 0 ., 30• 
73' 25.86 3000 3100 3.992T73 0.1291 97.024 2319.01 5125 0.1 1950 225000 1025000 0.123 5.73E-04 3.355 1.17E-02 41 .31 0 0 0 59 66'.8 
735 27.78 3000 1760 268.950295 13.4687 150.2362 1497.64 5125 0.1 1950 225000 1975000 0 .1146 2.40E-04 2..06 6.63E-03 47.04 98.14 81.41 0 104.5 380.3 
736 21 .67 3000 2570 26.462797 0.8489 96.2335 2338.06 5125 0.1 1950 225000 1012500 0.1468 3.06E-04 2.055 1.09E-02 64.14 81 .11 0 0 63.5 ... 
737 27.43 3000 3050 16.757434 0.4642 83.1021 2707.51 5125 0.1 1950 225000 812500 0.116 4.55E-04 2.981 1.17E-02 ..... 70.16 0 0 59.3 557.1 
738 33.8' 3000 2020 48.044956 2.7683 172.8593 1301 .64 5125 0.1 1950 225000 2437500 ..... 4.99E-04 3 .... 9.14E-03 88.81 ..... 0 0 75.8 557.8 
739 42.53 3000 2280 727.100045 31 .3129 129.1963 1741 .54 5125 0.1 1950 225000 1575000 0 .0748 3.33E-04 3252 3.75E.()J 42.49 99.31 93.12 31 .23 184.8 391 .9 
7'0 26.51 3000 3270 56.368738 1.6561 88.1405 2552.74 5125 0.1 1950 225000 887500 0.12 5.36E-04 3256 7.11E-03 49.96 91 .13 11 .3 0 97.5 629.4 ,., 30.8 3000 1830 159.683338 9.043 169.8917 1324.37 5125 0.1 1950 225000 2375000 0.1033 3.JOE-04 2.613 7.15E-OJ <0.67 96.87 ..... 0 ... , 434.9 

"' 24.99 3000 """ 3.710249 0.1468 118.n16 1895.09 5125 0.1 1950 225000 1387500 0.1273 5.591:-04 3..22 1.16E-02 33.1 0 0 0 "' 660.3 

"' 29.51 3000 2570 38.950569 1.2498 96.2335 2338.06 5125 0.1 1950 225000 1012500 0.1078 2.97E-04 2.391 1.17E-02 .... 87.17 0 0 59.5 41 5.2 

"' 22.60 3000 1670 10.051158 0.5712 170.4873 1319.75 5125 0.1 1950 225000 2387500 0.1402 2.81E-04 2.015 1.l5E-02 35.n 5025 0 0 51.2 ... 
"' 47.62 3000 1410 207.486483 7.6596 110.7481 2031.64 5125 0.1 1950 225000 1250000 0.0668 1.37E-04 2.039 1.26E-02 3'.'6 97.59 75.9 0 "·' 219.4 
746 29.8' 3000 2580 0.706015 0.0346 147.0497 1530.1 5125 0.1 1950 225000 1912500 0.1066 5.80E-04 3.749 1.55E-02 32.23 0 0 0 ... 7 643.9 
m 37.04 3000 730 940.63794 52.3302 166.8979 1348.13 5125 0.1 1950 225000 2312500 0.0659 6.17E-05 1.363 6.22E-03 3'.n 99.47 ..... .. ... 111 .5 188.6 
7'8 29.78 3000 2670 1.108264 0.0571 154.6414 1454.98 5125 0.1 1950 225000 2082500 0.1069 5.57E-04 3.633 1.40E-02 19.59 0 0 0 49.5 625.7 ,., 21 .88 3000 2190 83.5331n 3.3257 119.4396 1883.8 5125 0.1 1950 225000 1'00000 0.1454 ~80E-04 1.973 8.05E-03 28.'8 94.01 40.14 0 66.1 •62~ 
750 61 .18 3000 .... 3.580309 0.1549 130.5599 1723.35 5125 0.1 1950 225000 1600000 0.052 7.&0E-04 8393 1.14E-02 24.68 0 0 0 60.9 703.1 
751 29.2A 3000 1850 98.880586 5.8138 176.3872 1275.6 5125 0.1 1950 225000 2512500 0.1088 3.53E-04 2.641 7.86E-03 37.91 ..... 49.43 0 882 <63 
752 28.46 3000 mo 350.468867 12.0603 103.2361 2179.47 5125 0.1 1950 225000 11 25000 0.1118 1.62E-04 1.733 7.08E-03 40.16 98.57 85.73 0 97.9 312.2 
753 ..... 3000 1980 287.888531 9.i801 103.9994 2163.47 5125 0.1 1950 225000 1137500 0.0579 1.4&E-04 2275 1.16E-02 51 .07 98.26 82.63 0 59.6 212.2 

"' 42.93 3000 3510 62.804751 2.2875 109.2665 2059.19 5125 0.1 1950 225000 1225000 0.0741 6.26E-04 5.269 6.991:-03 42.75 92.04 20.39 0 99.2 629 
755 37.17 3000 ,, .. 869.794897 31.03 107.0251 2102.31 5125 0.1 1950 225000 1187500 0.0856 8.43E-05 1A98 6.13E-03 60.79 99.43 94.25 42.52 113.2 206.6 
756 27.01 3000 2170 21.375578 0.7246 101.7009 2212.37 5125 ~1 1950 225000 1100000 0.1178 2.10E-04 1.903 USE-02 ..... 76.61 0 0 46.8 361.1 
757 29.65 3000 2500 665.399885 21 .1686 95.4399 2357.51 5125 0.1 1950 225000 1000000 0.1073 2.10E-04 1.99 4.56E-03 ,,.,. 9925 92.49 24.86 152 343.9 
758 31 .69 3000 1580 1384.08131 42.5519 92.2314 2439.52 5125 0.1 1950 225000 950000 0.1004 1.11E-04 1.557 3.12E-03 60.14 99.6' 96.39 63.87 222.5 251 .9 
759 27.33 3000 1470 107.85864 5.8262 162.0511 1388.45 5125 0.1 1950 225000 2212500 0.1164 1.16E-04 1.502 1.28E-02 81 .61 95.36 53.6' 0 .... 281 .6 
760 59.8 3000 3030 421 .692967 16.8887 120.1495 1872.67 5125 0.1 1950 225000 1412500 0.0532 4.06E-04 4.881 4.BOE-03 13.62 98.81 88.14 0 144.3 418.3 
78 1 21.37 3000 28'0 0 .33605< 0.011 9 106.2727 2117.2 5125 0.1 1950 225000 1175000 0.1489 5.74E-04 2.949 1.54E-02 37.62 0 0 0 .. 707.5 
762 28.76 lOOO 2300 322.513045 11.8264 110.0086 2045.3 5125 0.1 1950 225000 1237500 0.1106 293E-04 2.34 5.80E-03 82.81 98.45 8'.5 0 119.5 416.9 ,., 47.55 "'" 442.142333 20.6201 139.Sl143 1608.13 5125 .1 1'60 22000CI 177 ··- .71E~ ,295 82 70.16 96.67 

__ .,. .... 247. ,.. 22 ... 3000 1470 78.100146 3.4694 133.2659 1688.35 5125 0.1 1950 225000 1650000 0.1403 1.SOE-04 1.541 1.09E-02 33.13 93.6 35.98 0 63.9 348.-4 
765 30.59 3000 2560 12.260825 0.4705 11 5.1349 1954.23 5125 0.1 1950 225000 1325000 0.104 4.00E-04 2.944 1,19E-02 20.49 59.22 " " "'·' 493.3 
766 27.62 3000 2630 87.954834 J .2469 110.7481 2031.64 5125 0.1 1950 225000 250000 0.1152 4.69E-04 3.056 7.uac-03 64.3' 94 .32 -43.15 0 98.2 567.2 
767 32.3 3000 2310 10.892833 0.4541 125.0616 1799.11 5125 0.1 1950 225000 1500000 0.0985 4.691:-04 3407 1.JJE-02 74.55 5'.1 0 0 52.2 540.li 
768 24.01 3000 1950 25.nl565 1.0139 116.0135 1906.56 5125 0.1 1950 225000 1375000 0 .1325 2.11E-04 1.806 1.31E-02 3' .88 80.6 0 0 53.1 "'·' 769 26.31 3000 1700 11 .656034 0.632 1U6609 1383.25 5125 0.1 1950 225000 2225000 0 .1209 3.01E-04 2259 1.44E~ 56.61 57.1 0 0 48.3 440.1 
no 28.35 3000 15'0 280.910205 13.5887 145.1211 1550.43 5125 0.1 1950 225000 1875000 0.1122 1.19E-04 1.538 8.eeE-03 59.47 98.22 822 0 78 2n.9 
m 60.71 3000 1630 756.317471 24.4603 97.024 2319.0 1 5125 0.1 1950 225000 1025000 0 .0524 1.44E-04 2.392 6.96E-03 30.45 99.3' 93.39 33.89 99.6 201.9 
m 21 .45 3000 2810 127.679791 4.1293 97.024 2319.01 5125 0.1 1950 225000 1025000 0 .1483 4.41E-04 2.502 5.78E-03 61 .17 96.08 80.84 0 119.9 597.7 
773 21 .&c 3000 2070 37.112745 1.5471 125.0616 1799.11 5125 0.1 1950 225000 1500000 0.147 2.79E-04 1.96 1.03E-02 50.03 86.53 0 0 67.6 4642 
m 30.33 3000 3360 211 .905028 •.. 90.6061 2483.28 5125 0.1 1950 225000 925000 0.1049 5.SOE-04 3.7 4.70E-03 59.21 97.64 76A 0 147.6 625.3 
m 21.52 3000 3230 78.89547 2.8931 110.0086 ""5.3 5125 0.1 1950 225000 1237500 0.1478 6.55E-04 32 41 5.16E-03 '3.8 93.66 36.63 0 134.4 771 .8 
n6 59.13 3000 2130 142.53827 5.1562 108.5219 2073.31 5125 0.1 1950 225000 1212500 0.0538 1.ME-04 2.729 1.35E.Q2 28.09 98.49 6'.92 0 51 .5 236.6 
m 62.38 3000 650 1563.501002 53.8032 103.2361 2179.47 5125 0.1 1950 225000 1125000 0.051 4.JOE-05 1.426 5.62E-03 59.3 99.68 96.8 68.02 123.3 117.1 
m 23.78 3000 2100 27.979387 0.9982 107.0251 2102.31 5125 0.1 1950 225000 1187500 0.1338 2.36E-04 1.891 1.21E-02 30.8' 82.13 0 0 57.4 407.5 
m 31 ,44 3000 1950 225.531885 11 .2466 149.6016 1503.99 5125 0.1 1950 225000 1962500 0.1012 3.40E-04 2.699 6.36E.()J ..... 97.78 n.83 0 109.1 ... 
780 26.82 3000 2810 38.656592 1.8865 146.4082 1536.8 5125 0.1 1950 225000 1900000 0.1186 6.15E-04 3.62 6.94E-03 39.91 87.07 0 0 99.8 691.§ 



T'rneol Molmum Maximum 
Maximum at Conoetitration ReleaMRate 1-0 

FlxedSooroe Compliance ~ at Compliance s,,,.,. 
"''""' StrNmtub Ban 

Realiulio Concentration Boundary Boundary -~ Duration e l englh Porosity 

" ) (m (m,lm1 

781 ,a.6229 5125 0.1 
782 5125 0.1 
783 5125 0.1 
78' 43.7 5125 0.1 
785 35,71 5125 0.1 
788 59.35 5125 0.1 
787 39.82 5125 0.1 
788 46.04 5125 0.1 
789 23.92 5125 0.1 
790 28.89 5125 0.1 
791 21.69 5125 0.1 
792 32.5 5125 0.1 
793 2~36 5125 0.1 

"' 30.1 5125 0.1 
795 41 .05 5125 0.1 
796 26.6 5125 0.1 
797 2.Ul9 5125 0.1 
798 28.3 5125 0.1 
799 29.82 5125 0.1 
800 2282 5125 0.1 
801 36.11 3000 5125 0.1 
802 27.26 3000 5125 0.1 
803 -46.58 3000 5125 0.1 ... 29.21 3000 5125 0.1 
805 31.62 3000 5125 0.1 
806 33.1 3000 5125 0.1 
807 ,0.1 3000 5125 0.1 
808 31.22 3000 5125 0.1 
809 32.1 3000 5125 0.1 
810 ..... 3000 5125 0.1 
811 40.79 3000 5125 0.1 
812 2AA 3000 5125 0.1 
813 35.59 3000 5125 0.1 .,. 26.91 3000 5125 0.1 
815 33.17 3000 5125 0.1 
816 57.12 3000 5125 0.1 
817 21 .29 3000 5125 0.1 
818 55.62 3000 5125 0.1 
819 23.715 3000 5125 0.1 
820 32.33 3000 5125 0.1 
821 35 3000 5125 0.1 
822 33_7 .. 3000 5125 0.1 
823 25.31 3000 5125 0.1 .,. 37.6 3000 5125 0.1 
825 5~2A 5125 0.1 
826 47.7 3000 5125 0.1 
827 63.5 3000 5125 0.1 
828 5~67 3000 5125 0.1 
829 32.66 3000 5125 0.1 
830 21.66 3000 5125 0.1 
831 25.91 3000 5125 0.1 
832 43.7 3000 5125 0.1 
833 31.1 3000 5125 0.1 
834 60.71 3000 5125 0.1 
835 31.78 3000 5125 0.1 
836 23.19 3000 5125 0.1 
837 ,~n 3000 5125 0.1 
838 40.53 3000 5125 0.1 
839 38 ... 3000 5125 0.1 
8'0 29.7 3000 5125 0.1 
8'1 ,._,. 3000 5125 0.1 .. , 30.68 3000 5125 0.1 
843 47.48 3000 5125 0.1 ... 25.07 3000 5125 0.1 
8'5 29.98 3000 114.4096 5125 0.1 

.... 
Don•~ 

1950 
19,0 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
1950 
19,0 
19,0 
1950 
1950 
1950 
1950 
19,0 
1950 
1950 
1950 
19,0 
1950 
1950 
1950 
19,0 
1950 

Tetrachloride 

Sou= 

225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 

5.48E-05 
7.07E-04 
1.711:-04 
2.21 E-04 
2.38E-04 
2. 13E-04 
1.54E-04 
4.64E-04 

""'°""' Rate l ongitudinal 
Constant Disperslvity 

(m) 

, .n1 
2.381 
3.175 

2.63 
2.522 
2.511 
1,659 
2.551 
2.118 
2.015 
3.329 
5.167 
1.802 
1.31 

4.022 
1.894 
3.001 
1.804 
2.885 
1.582 
3385 

~29E-03 
6.92E-03 
1.53E-02 
1.42E-02 
1.07E-02 
4.78E-03 
1.31E-02 
8.52E-03 
5.96E-03 
ll.28E-03 
8.17E-03 
1.27E-02 
4.65E-03 
1.18E-02 
8.90E-03 
4.99E-03 
6.54E-03 
1.35E-02 
1.30E-02 
8 .18E-03 
1.18E-02 
6.41E-03 
6.96E-03 
7 .SJE-03 
5.75E-03 
9.27E-03 
1.03E-02 
1.11E-02 
6.83E-03 
7.66E-03 
8.51E-03 

2.4 11 1.09E-02 
1.744 9.HE-03 
U54 lil.82E-03 
3.558 1.0.4E-02 

5<.35 
42.35 
25.69 
31.47 
62.27 
40.92 
69.43 
84 .24 
56.57 
58.78 
67.09 
33.42 
49.68 
48.56 
76.41 
70.53 
87.19 
61.63 
53.65 
35.51 
62.73 
55.68 

30.5 
51 .14 
66.26 
20.86 
68.81 
35.18 
27.69 
51 .65 

38.9 
51.85 ..... 
57.15 

62.3 
32.88 

83.6 
33.84 
47.59 
76.18 ,.~ 
86.65 
.49.45 
55.31 
30.36 
69.85 
38.99 
23.65 
25.16 
78.25 
12.55 
70.92 
'2AO 
2554 
60.33 
45.73 
33.77 
27.12 
28.3' 
18.63 
84.02 

·­"°"'"' Cleanup 
Peroentege 

(5 ... g.-\. 

Cleanup Cleanup 
Percentage Peroentage 

(501-'g/l (5001tg/l 
Compl181'101 Compllanoe 

99.44 94.42 44 .24 
98.54 85.39 0 
96.64 66.43 0 
i-4.58 45.81 0 
98.39 83.93 0 
99.57 95.7 57.1)4 
99.55 95.52 55.21 
97.08 70.61 0 
99.17 91.67 16.69 
99.45 94.48 44.76 
80.19 0 0 

0 0 
0 0 

81.9 0 
98.79 87.91 
58.34 0 
50Jl7 0 
98.62 86.21 
93.14 31 .35 
98.79 67.86 
93.26 32.6 
97.66 76.6 
96.16 61 .59 
93.27 32.74 
98.87 88.66 
!Ml.15 91 .48 
95.19 51 .91 
89.3 0 

!M.03 80.26 
87.98 0 
93.98 39.n 
98.36 83.6 
99.32 93.2 
90..28 2.8 
97.73 n.26 
97.82 78.18 
87.95 0 
99.07 90.68 
97.98 79.78 
95.65 56.51 
99.41 94.11 
98.22 62.16 
89.19 0 
99 . .42 94.22 
21.n o 
56.52 0 
84.75 0 
98.34 83.36 
94.49 44.85 
99.17 91.7.4 
92.71 27.06 
99.44 94.45 
92.15 21.-47 
96.93 89.35 
97.8 78.04 

95.64 56.38 
93.44 
89.39 .. .,. ..... 
87.99 
89.-43 
99.09 
97.03 
TT.37 

3U4 
0 

82.84 
89A9 

0 
0 

90.89 
70.35 

0 

14 .8 

31 .95 

6.79 

41 .1 

-42.18 

0 
17 . .45 

44 .-45 

0 
8.94 

94.3 325 
91 125.7 

1~i*i --.c:_.53
;;3:'si/ 

131 .6 314.3 
131 .2 229.5 
100.1 842.5 
45.2 578.5 
48.7 605.8 

65 510.3 
145 

52.9 
81 .3 

118.3 
83.8 .... 
54.7 
1'9 

58.9 
77.9 

138.9 
106 

51.2 
532 
8'.8 
58.6 

108.2 
99.5 

92 
120.5 

7-4.8 
67.3 
62.3 

101..4 
90A 

106.5 
153.7 
598 
-47.3 

113.5 
592 
-48.3 
601 
62.1 
75.4 

233.7 
108.7 ... , 
612 

1052 
924 
64.9 .. .. 
91.7 

155.2 
71.9 
83.9 
75.6 
70.8 
66.9 

... 
457.2 
1111.3 
369.1 
521 .8 
387.9 
335.1 
596.9 
289.4 
442.5 

407 
256.9 

261 
347.7 
321 .7 
3829 
649.2 
336.6 
188.6 
765.8 
292.6 
269.3 
-434.1 
265.8 
341 .3 
536.5 
291 .5 
279.-4 
301.1 
209.5 
591 .5 
569.7 
-483.9 
217.6 
400.9 
563.7 
646.1 
168.9 
353.9 
310.7 
348.3 

326 
278.8 
580.8 
331 .7 
429..4 

477 
402.8 
168.2 
297.2 
608.2 



Simutation Parametws and Results: 30% lnv-entory C.M 

R- Roqund Required 

r-o1 ,,....,..m Maximum Rem8Wling vo+i.mea10t - "°""' -Maximum st eono,,,""'"" Release Rate 1-0 ca_, above Fixed FirstOrde c, .. .,.., ClelWlup CleM"" """'" FbedSoorce Compliance Compliance at Compliance """"" """"" Streamtub Bau """' Tetrachloride """"" R•• Longil!Jdinal Percentage Pel'Ol1"1tage Pel'Ol1"1tage "'""""' c.-
Reali.talio Velocity Conc:en1tallon Boundary Boundary Boonda~ Rate """"" e Length Porosity ~·~ """"" Concentration Poroolty Kd Conotant OispersMty (5µgl\. (50µg/l (500 µg/L Half Time Teb'achloride 

" (mM 
, __ , 

(yl (µoil\ '"·"' IKnNI M (m) (ml/ml\ /l(a/m3\ iKo) im3) fm11m1l lm3/Kal Relatdallon 11M 1ml e~-• Compliance) Compliance) "' Tnr.,el Time (vi ... 2UM 3000 1510 5n.50,i039 32.2437 167.4986 13"3.29 5125 0.1 1960 225000 2325000 0.145 1.58E-04 1.55 4.61 E-03 28.12 99.13 91 .34 13.42 150.2 36~1 
847 24.03 3000 3190 15.202528 0.527 103.9994 2163.47 5125 0.1 1960 225000 1137500 0.1324 5.93E-04 3.263 8.36E-03 29.96 67.11 0 0 82.9 696 ... 31 .85 3000 2300 180.985745 9.4045 155.8885 1443.3" 5125 0.1 1960 225000 2087500 0.0999 4.79E-04 3.422 5.55E-03 60.5 97.24 72.37 0 125 550.7 
849 ll97 3000 3210 15.314406 0.6133 120.1495 1872.67 5125 0.1 1960 225000 1412500 0 .1327 6.62E-04 3.522 7.74E-03 30.03 67.35 0 0 89.5 753 
850 26.16 3000 1740 24.CM271 5 1.1887 148.3284 1516.9 5125 0.1 1960 225000 1937500 0 .1216 2.51 E-04 2.043 1.36E-02 64.16 792 0 0 51.1 400.1 
851 32.97 3000 3060 173.862751 6.2893 108.5219 2073.31 5125 0.1 1960 225000 1212500 0.0965 5.41E-04 3.832 5.21E-03 46.31 97.12 71 .24 0 133 595.8 
852 26.06 3000 2880 1.768696 0.0618 10!1.7599 21 47.n 5125 0.1 1960 225000 1150000 0.1221 5.99E-04 3.481 1.38E-02 53.38 0 0 0 50.3 634.8 
853 24.62 3000 3450 13.749981 0 .'°4 88.1•05 2552.74 5125 0.1 1960 225000 887500 0.1292 6.30E-04 3.464 8.72E-03 45.94 83.6' 0 0 79.5 720.9 

"' 35.35 3000 1180 659.578841 28.8542 131239 171,U3 5125 0.1 1960 225000 1612500 0.09 8.63E-05 1.485 7.21E-03 57.74 99.24 92.42 24 .19 98.1 215.3 
855 4'88 3000 2700 73.479648 2.5659 104.7599 2147.77 5125 0.1 1960 225000 1150000 0 .0725 3.5.SE-04 3.476 9.66E-03 22.88 932 31 .95 0 71.7 ... 
858 30.41 3000 2120 623.002757 24.65.59 11 8.7276 1895.09 5125 0.1 1960 225000 1387500 0.1046 2.29E-04 2.108 4.ME-03 40.48 992 91 .97 19.74 152.7 355.3 
857 « .43 3000 1530 263.277286 12.7922 145.7654 1543.58 5125 0.1 1960 225000 1887500 0.0716 1.33E-04 1.937 1.14E-02 45.85 98.1 81 .01 0 6 1.1 223.4 
858 36.95 3000 830 157.197651 4.2647 81 .3886 2764.52 5125 0.1 1950 225000 787500 0.0661 1.12E-04 1.655 1.31E-02 16. 14 96.82 68.19 0 53.1 229.5 
859 61.n 3000 1750 212.57173 11 .911 168.0986 1338.5 5125 0.1 1960 225000 2337500 0.0515 2.97E-04 3.914 9.36E-03 n .89 97.65 76.48 0 " 324.7 
860 46.51 3000 1840 731.607653 23.2748 95.4399 2357.51 5125 0.1 1950 225000 1000000 0.0684 1.31E-04 1.971 6.70E-03 57A 99.32 93.17 31 .66 103.5 217.2 
861 26.6' 3000 2350 498.460466 19.8453 119.4396 1883.8 5125 0.1 1960 225000 1400000 0.1194 3.69E-04 2.582 3.84E-03 62.38 .. 89.97 0 180.3 492.9 
862 23.5.3 3000 1130 91 .875369 3.526 115.1349 1954.23 5125 0.1 1950 225000 1325000 0.1352 9.29E-05 1.347 1.23E-02 41 .41 9'.56 45.58 0 56.2 293.5 
863 33.38 3000 1920 51.501424 2.4356 141 .878 1585.87 5125 0.1 1960 225000 181 2500 0.0953 2.72E-04 2.«2 1.15E-02 293 90.29 2.92 0 60.5 374.9 ... 21.n 3000 2040 50.694416 2.125 125.7554 1789.19 5125 0.1 1950 225000 1512500 0.1461 2.81E-04 1.97 1 9.71E-03 66.12 90.14 1.37 0 71.4 463.9 
865 25.25 3000 1190 231.41 0656 5.5242 71.6152 3141 .79 5125 0.1 1950 225000 650000 0.126 1.36E-04 1.5" 8.33E-03 24.71 97.84 78.39 0 83~ 313.5 
866 40.02 3000 2390 450.400686 20.2093 134.6086 1671 .51 5125 0.1 1960 225000 1675000 0.0795 3.n E-04 3.385 4.SJE-03 23.47 98.89 88.9 0 153.1 431 
867 28.13 3000 2830 « .31253 2.3026 155.8885 1«3.34 5125 0. 1 1960 225000 2087500 0 .1131 5.45E-04 3.437 7.22E-03 28.74 88.n 0 0 .. 626.2 
868 32.66 3000 2260 131.281795 6.7945 155.2656 1449.13 5125 0.1 1950 225000 2075000 0.0974 4.09E-04 3.123 6.66E-03 22.86 96.19 61 .91 0 10-4.1 490 
869 31.59 3000 1810 661 .89038 30.5788 138.5974 1623.41 5125 0.1 1950 225000 1750000 0.1007 2.09E-04 2.048 4.77E-03 79.96 99.2' 92.45 24 .'6 145.4 332.2 
870 22.44 3000 1710 41.834579 1.9327 138.5974 1623.41 5125 0.1 1960 225000 1750000 0.1418 1.90E-04 1.676 1.16E-02 299 88.05 0 0 59.8 382.8 
87 1 24.83 3000 2710 2.609567 0.107 1ll988' 1829.74 5125 0.1 1960 225000 1462500 0.1281 6.27E-04 3.-473 1.23E-02 53.1 0 0 0 56.3 716.8 
872 27.1 3000 1960 37.994084 1.n2 139.9143 1608.13 5125 0.1 1960 225000 m5000 0.1174 2.75E-04 2.183 1.10E-02 22 86.84 0 0 62.9 412.9 
873 27.96 3000 2590 65.6154 2.07 94.6429 2377.36 5125 0.1 1960 225000 967500 0.1138 2.76E-04 2226 1.01E-02 47.73 92.38 23.8 0 68.6 408.1 
87' 27.5 3000 2470 5.408829 0.1847 102.4699 2195.77 5125 0.1 1950 225000 111 2500 0.1157 3.20E-04 2396 1.59E-02 42.95 7.56 0 0 43.5 '47 
875 26.« 3000 1900 1.129862 0.0667 176.9718 1271 .39 5125 0.1 1950 225000 2525000 0.1203 5.05E-04 3.12 1.70E-02 83.89 0 0 0 40.8 604.7 
876 308 3000 1650 451,432534 20.5568 136.6103 1647.02 5125 0.1 1960 225000 1712500 0.1033 1.75E-04 1.856 6.25E-03 28.71 98.89 88.92 0 110.9 308.9 
an 23.85 3000 2280 145.879392 6.0475 124.3658 1809.18 5125 0.1 1960 225000 1487500 0.1334 3."6E-04 2.312 6.32£-03 27.84 96.57 65.73 0 109.7 496.9 
878 30.21 3000 1110 50.101555 3.0427 182.1901 1234.97 5125 0.1 1960 225000 2637500 0.1053 1.00E-04 1.482 1.71E-02 '421 90.02 02 0 40.5 25U 
879 23.39 3000 1560 201 .33633 10.5454 157.1306 1431.93 5125 0.1 1960 225000 211 2500 0.136 1.36E-04 1.507 8.52E-03 51 .22 97.52 75.17 0 81.4 330.1 
880 57.42 3000 4130 41.40948 0.9885 71 .6152 3141 .79 5125 0.1 1950 225000 650000 0.0554 5.49E-04 6.007 9.76E-03 44.62 87.93 0 0 71 536.1 
881 35.23 3000 1800 158.706034 7.6088 143.8283 1564.37 5125 0.1 1950 225000 1850000 0.0903 2.21E-04 2239 9.40E-03 32.37 98.85 88.5 0 73.7 325.7 
882 23.2 3000 2440 20.277693 0.8169 120.8573 1861.7 5125 0.1 1950 225000 1425000 0.1371 5.27E-04 2.945 9.51E-03 83.'6 75.34 0 0 72.9 650.4 
883 56.51 3000 1750 126.033606 6.1n1 147.0497 1530.1 5125 0.1 1950 225000 1912500 0.0583 2.14E-04 2.ll24 1.3CE-02 48.97 96.03 60.33 0 53.3 265.2 ... 44.19 3000 2870 1.230105 0.0566 137.9366 163 1.18 5125 0.1 1950 225000 1737500 0.072 6.46E-04 5.538 1.65E-02 44.3 0 0 0 42.1 642.1 
885 24.59 3000 2580 "·"""" 0.6«7 79.6568 2824.62 5125 0.1 1950 225000 762500 0.1294 ~98E-04 2.164 1.12E-02 2'.85 79.41 0 0 61.8 451 .1 
886 51 .64 3000 2710 117.859721 4.nsa 121.5631 1850.89 5125 0.1 1950 225000 1437500 0.06 16 4.45E-04 ..... 7.91E-03 47.-41 95.76 57.58 0 87.8 461 .2 
887 21 ."'8 3000 2140 1n.-t85336 8.1214 137.2743 1639.05 5125 0.1 1960 225000 ,n5000 0.1481 3.90E-04 2.33 5.50E.-OJ 83.79 97.18 71 .83 0 128 555.8 
888 .. 3000 2210 645.420527 23.985 111.4852 2018.2 5125 0.1 1960 225000 1262500 0.0723 =•-04 2.58' 5.36E-03 83.25 9923 92.25 22.53 129.4 301 
889 21.85 3000 2140 6.606734 0.2754 125.0616 1799.11 5125 0.1 1950 225000 1500000 0.1456 325E-04 2.13 1.JSE-02 39.53 2'.32 0 0 51A 499.6 
890 23.-48 3000 3110 61.78723 2.3713 115.1349 1954.23 5125 0.1 1950 225000 1325000 0.1356 6.57E-04 3.45 5.79E-03 51.59 91.91 19.08 0 119.7 753.1 
891 45.51 3000 1620 113.959437 5.9453 156.5102 1.437.61 5125 0.1 1950 225000 2100000 0.0699 1.85E-04 2.341 1.JOE-02 30.14 95.61 56.12 0 53.5 263.6 
892 31.78 3000 620 186.003086 7.7539 125.0616 1799.11 5125 0.1 1960 225000 1500000 0.1001 3.71E-05 1.187 1.49E-02 40.64 97.31 73.12 0 46.5 191 .5 
893 " ·" 3000 1740 1039.429566 34.4 3 15 IJ9.3762 228'.12 5125 0.1 1950 225000 1062500 0.0583 1 .19E-0& 2.031 5.69F'-03 59.02 99.52 95.19 51.9 121 .7 190.7 
89' 41 .64 3000 1050 250.129251 15. 1423 181 .614 1238.89 5125 0.1 1960 225000 2825000 0 .0764 1.13E-Oi 1.745 1.19E-02 30.05 98 80.01 0 .... 214.7 
895 35.15 3000 2160 96.278985 3.625 11 2.9522 1991 .99 5125 0.1 1950 225000 1287500 0.0905 2.19E-04 2222 1.14E-02 51 .34 94.81 48.07 0 80.6 323.9 
896 33.56 3000 2510 7.330469 0.2597 106.2727 2117.2 5125 0.1 1960 225000 1175000 0.0948 3.73E-04 2.991 1.5 43.35 31 .79 0 0 45.7 456.8 
897 28.63 3000 2870 8.242653 0.4469 162.6609 1383.25 5125 0.1 1960 225000 2225000 0.1111 UOE-04 3.9 11 9.38E-03 29.32 39.34 0 0 73.9 699.9 ... 23.43 3000 1780 9.109067 0.4465 147.0l97 1530.1 5125 0.1 1960 225000 1912500 0.1358 2.71E-04 2.009 1.49E-02 57.93 45.11 0 0 46.4 439.6 
899 33.31 3000 2480 16.781467 0.7863 140.5704 1600.62 5125 0.1 1950 225000 1787500 0.095.5 4.91 E-04 3.601 1.06E-02 37.42 7021 0 0 65.3 553.9 
900 58.59 3000 3590 44.564899 1.8784 126.4473 1779< 5125 0.1 1950 225000 1525000 0.0043 7.49E-04 7.973 7.70E-03 70.51 88.78 0 0 "' 697.4 
901 35.67 3000 2780 195.232499 6.4163 98.5952 2282.06 5125 0.1 1960 225000 1050000 0.0892 3.52E-04 2.993 6.5,4E-03 18~ 97.44 74.39 0 105.9 430.2 
902 ll3\l 3000 1660 203.4139' 5.2824 n .906 2888.09 5125 0.1 1050 225000 737500 0.1421 1.56E-04 1.556 7.81E-03 <0.44 97.54 75.42 0 88.8 356 
903 40.32 3000 3TJO 297.277645 8.4029 84.7981 2653.3& 5125 0.1 1950 225000 837500 0.0789 5.82E-04 4.732 <.26E-OJ 60.55 98.32 83.18 0 162.9 601.4 ... 30.33 3000 1830 22.162361 1.1836 160.2148 1404.36 5125 0.1 1950 225000 2175000 0.10C9 2.40E-04 2.157 1.SOE-02 56.52 n .« 0 0 46.1 364 .5 
905 58.37 3000 2360 1570.135516 54.8291 104.7599 2147.n 5125 0.1 1950 225000 11 50000 0.0545 2.1JE-04 2.973 2.52E-03 43.74 99.88 96.82 68.16 274.9 281 
908 38.28 3000 2590 208.219657 7.6353 110.0086 2045.3 5125 0.1 1960 225000 1237500 0.0831 3.51E-04 3.137 6.58E-03 22.18 97.6 75.99 0 105.3 419.9 
907 30.71 3000 1060 302.202739 13.2203 131239 1714.43 5125 0.1 1950 225000 16 12500 0.1036 8.69E-05 1.424 9.93E-03 43.85 98.35 83.-45 0 69.8 237.7 
908 26.25 3000 2390 130.443272 4 .943 11 3.6821 1979.2 5125 0.1 1950 225000 1300000 0.1212 3.28e-04 2.369 7.0JE-03 25.33 96.17 61 .67 0 98.6 -462.6 
909 36.23 3000 3140 0.820819 0.0303 11 0.7481 2031 .64 5125 0.1 1960 225000 1250000 0.0878 6.00E-04 4.455 1.58E-02 >l.22 0 0 0 43.8 630.1 
910 37.96 3000 3130 488.930365 13.4044 82.2476 2735.64 5125 0.1 1960 225000 800000 0.0838 3.39E-04 3.CM5 4.58E-03 34.03 98.98 89.n 0 151 .5 411 .1 



Simulation Parametn Wld Rest1lts: 30% lno;emory C.H 

n ,ne d Maximum MIW'T!Um 
Maximum at Concentnition Release Rate 1-0 

Fixed Sourc. Compllance Compliance at Compliance ...,.,. ...... Streamtub 
Reallzallo Velocity Concentration Boundary Bouodary Boundary Duration e l ength 

( 

5125 
5125 
5125 

24.34 5125 
21 .61 5125 
2259 5125 
37.25 5125 
25.19 3000 5125 0.1 1950 
27.33 3000 5125 0.1 1950 
21.34 3000 5125 0.1 1950 

.. 1 44.12 3000 5125 0.1 1950 .. , 61.06 3000 5125 0.1 1950 

.. 3 28.1 3000 5125 0.1 1950 ... 42.93 3000 5125 0.1 1950 ... 34.13 3000 5125 0.1 1950 ... 22.02 3000 5125 0.1 1950 
947 27.57 3000 5125 0.1 1950 
948 -43.-46 3000 5125 0.1 1950 ... 26.56 3000 5125 0.1 1950 
950 53.29 3000 5125 0.1 1950 
951 30.56 3000 5125 0.1 1950 
952 29.29 3000 5125 0.1 1950 
953 33.38 3000 5125 0.1 1950 ... 38.42 3000 5125 0.1 1950 
955 32.01 3000 5125 0.1 1 
956 35.51 3000 5125 0.1 1950 
957 24.25 3000 5125 0.1 1950 
958 53.7-4 3000 5125 0.1 1950 
959 26.A 3000 5125 0.1 1950 
950 40.27 3000 51 25 0.1 1950 
961 22.59 3000 5125 0.1 1950 .. , 28.35 3000 5125 0.1 1950 
963 2208 3000 5125 0.1 1950 ... " 3000 5125 0.1 1950 ... 2209 3000 5125 0.1 1950 ... 60.83 3000 5125 0.1 1950 .. , 38 ... 3000 '125 0.1 1950 ... 31.22 3000 5125 0.1 1950 ... 53.47 3000 5125 0.1 1950 
970 41 .37 3000 5125 0.1 1950 
971 51 .56 3000 5125 0.1 1950 
972 ,,,. 3000 5125 0.1 1950 
973 35.87 3000 5125 0.1 1950 

'" 49.17 3000 5125 0.1 1950 
975 57.22 3000 5125 0.1 1950 

Remaining Volume ator 

Ca- above Axed 

225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 

225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 
225000 

Porosity Kd 

n .21 
32.75 
-42.67 
30.95 
383 

63.39 
3S.12 
71 .S3 
39.34 
79.72 

36.1 
30.34 
S2.12 
4-4.61 
57.08 
51.49 
24.27 
17.43 
38.55 
74.'5 
302 

14.27 
16.97 
41 .56 
62.66 
26.07 
59.1 

20.38 
57.38 
69.76 
57.22 
47.82 

56.3 
17.09 
89.95 
31.32 
51.89 
39.47 
55.6' .... 
50.37 
4-4.81 
54.49 
63.09 
67.42 
82.52 
17,74 
19.29 
28.44 
82.n 

32.3 
29.22 
36.58 
42.56 
30.78 
56.33 
14.64 
43.52 
36.81 
27.92 

Reqund Required Required .................. 
CleMup Cleanup Cleanup A.biotic 

Perc:.ntage Pef08ntage Perueotage Reaction cartion 
(5 !'QA. (50 11g/L (500 11g/L Half Time Tetrachloride 
~ Compliance Compliance Trr,,el n me ( 

53.n o o 64.2 120.1 
89.95 0 0 89 558.9 
81.69 0 0 50.1 394 
97.95 79.5 0 12-4.1 465.1 
98.7 86.98 0 76 231.9 

97.85 78.49 0 103.9 396.1 
99.09 90.88 8.83 213.7 539.6 
82.82 0 0 80.8 520.9 
99.47 94.71 47 .08 109.3 184.3 
70.45 0 0 52.3 451.3 
97 .59 75.91 0 82.6 330.2 
92.32 23.18 0 69.9 447.6 
60.66 0 0 72.6 632.4 
99.15 91.51 15.12 82.4 195.8 
98.81 88.13 0 108.4 315.9 
98.31 83.12 0 102.7 364.1 
95.59 55.93 0 50.5 254.3 
84 .38 0 0 95.9 711.5 
69.86 0 0 57 447.1 
98.23 82.28 0 55.4 192.6 
99.07 90.68 6.84 96.6 244.7 
93.92 39.21 0 64.3 373.7 
16.42 0 0 42.6 414.8 
97.57 75.69 69.9 272.9 

91.1 10.99 52.3 305.2 
81UM O 100 . .t 648.9 
26.02 0 48 . .t 547.1 
98.9 88.99 128.8 356.6 

50.68 0 43.4 406.5 
93_11 31.n so--:-8 332.6 
98.56 85.56 78.3 257.1 
98.17 81.68 118.3 476.7 

0 0 445 558.1 
99.19 91 .89 18.88 77.1 179.8 

0 0 0 41.3 504.1 
89 49 0 0 66.5 -406.9 
IM .02 40.24 0 80.3 482.5 
99.5 IM.95 49.51 94.1 151.8 
6.67 0 0 61 .7 692.1 

98.86 88.58 0 132.3 387.7 
50.62 0 0 •1 9 394.4 
67.Ai O O &5.7 621 .5 

89.63 0 0 68.2 455.1 
99.48 IM.59 45.86 187.2 326.1 
99.08 90.75 7 .54 104 4 265.8 
95.34 53.-42 0 95.2 512.5 
86.28 0 0 .t9.2 342-6 
98.93 89.25 0 86.3 250.3 
98.66 86.8 0 102.1 310.5 
99.38 93.n 37.75 181 .9 350.6 
97.79 77.89 0 141.9 547.8 
IM .13 41 .34 0 1078 661 .3 
98.88 88.8 106.9 
98.89 88.88 73.8 
97.44 74.42 937 
98.61 86.08 
9861 86.08 132.1 
• 1.11 o 58.6 
98.19 81.IM 85.4 
69.07 0 0 66.2 
99,49 !M.94 49.4 128.1 
97.19 71 .85 0 80.7 

37.83 
4.049 23.07 ~crn~~acai-~~h:';~m-- ~ ::st----::::5~ 51.~ ~ :~:: 

2.629 53.54 99.15 91.46 14.64 95.6 



SimuililKln ParametlB and Results: 30% Inventory Cue 

Reqund ........ Reqund 

r~o1 """"'"' Ma.otim.im Remaining Volume at or ...... ...... Soun,o 

Muimumat Ccino.it111tion ReleaHRate 1-0 Cartx,n above Fbled Cleanup Cleanup Clo~ ... -Complia= ... .,. Streamlub BaH ..,. 
Tetra<:Horkle ... .,. Per011ntage Peroentage Percentage Reactkm Cartx,n 

Realiotio Boundary e Lenglh Dens1 ... .,. Concentration Kd (5µg,\. (50µg/l.. (500µ1)11. Half rime Tetrachloride 
m3 eom,;;,no, """"'"'"'" 98.n 87.71 

98.13 81 .27 456.8 
978 86.15 0 669.3 
979 5125 ... ... v 258.7 
980 5 125 

,._,.. 93A 172.2 
981 3000 5125 ,._., (8.47 148.3 n&.1 
982 3000 3230 5125 43.24 56.25 0 ,u 510 
983 3000 1240 5125 S-0.7 ..... 85A2 88.3 2&4.2 .... 3000 1140 5125 1950 29.59 98.8 .,_ .. 73.1 212.8 
985 3000 1880 5125 1950 38.48 99.36 '3.63 113.7 225.2 
986 3000 2410 5125 1950 72.32 96.8 88.02 80 277.3 
987 3000 2000 5125 1950 59.25 98.8 88.03 146,1 436.4 
988 3000 2850 5125 1950 36.51 57 .1 0 572 502.1 
989 3000 1300 5125 1950 27.79 ..... 88.53 .... 288.8 
990 3000 3590 5125 1950 225000 48.08 ..... 0 ao., n9.8 
991 3000 5125 1950 225000 30.5' ..... 88.59 102.3 288.6 
992 3000 5125 1950 225000 22.3' 99.8' 96.41 237.3 ,.. 
993 3000 5125 1950 225000 24.09 99.48 94.62 .... 164.8 ... 3000 5125 1950 225000 30.3 96.76 67.58 ... 1 196 ... 3000 5125 1950 225000 3125 59.87 0 36.8 333.1 ... 3000 5125 1950 225000 39.05 97.64 76.45 792 313.2 
997 40.07 3000 5125 0.1 1950 225000 28.92 97.65 76.47 74.1 292.8 ... 23.79 3000 5125 0.1 1950 225000 30.6 98.18 81.79 9'.8 333.5 
999 44.81 3000 5125 0.1 1950 225000 39.29 68.92 0 51.3 446.6 

1000 32.9 3000 5125 0.1 1950 225000 802 99.59 95.92 169.9 224.1 



Slll"U81ion Parameters and Resllta: 65% ln'l'&fUOf)' Case 

Ma1dmum Requintd Requintd Required 
Time of Maximum Release Remaining Volume at or Soun,, Soon,, -MaKimumat Coooeritratio Rate et 1-0 Ca"""' above Fixed ""'"'"' Clea""' Cleanup """"' Canx>n 

Fixed Source Compliance nCompliance Complianc Sou"" Slreamtub Bulk Telr8Chloride - Peroentage Pero8fllage P8fCOO\age Reaction Tetrachloride 
ReaWzatio Voloci1y Conceotrallo - Bounda<y • Bounda,y Duration e Length Dem~ Concentralio Kd (511g/L (S011g/L (50011g/L Half Time Travel Time 

IL K m m' m,IK) Retardation Com ""'"') Com """" 
Com 

3000 0.8699 5 125 1950 4 .SOE-04 76.44 0 453.1 
3000 5 125 1950 5.26E-04 76.26 0 0 660 
3000 5 125 1950 2 .0lE-04 55.4 95.76 57.79 332.-4 

• 3000 5125 1950 1.93E-04 35.33 98.93 99.3 379.8 
5 3000 5125 1950 4.20E-04 63.48 91 .76 17.59 455.6 
6 3000 5125 1950 5.t9E-04 48.82 96.3 63 569. 
7 3000 5125 1950 2.52E-04 33 96.22 82.25 291 .5 
8 3000 5125 1950 5.92E-04 44.48 82-6 0 585.6 

• 3000 5125 1950 3.81E-04 6~53 85.18 0 503.7 
10 3000 5125 1950 5.07E-04 39.84 96.86 88.6 5866 
11 3000 5 125 1950 3.DSE-04 9.73 97.88 78.82 502.1 
12 3000 5125 1950 487500 1.17E-04 42.84 97.3 73.05 334 .8 
13 3000 5 125 1950 487500 6.74E-04 49.38 34.17 0 630.6 

" 3000 5125 1950 6.60E-04 33.57 75.39 0 0 87,7 714 .9 
15 " 3000 5125 1950 4 .97E-04 47.28 82.7-4 0 0 67 529.6 
16 37.83 3000 5125 1950 1.65E-04 55.5 99.61 96.11 61.12 216.6 269.5 
17 59.24 3000 5125 1950 1.80E-04 41 .22 99.3 93.02 30.2 109.5 233.3 
18 52.5 3000 5125 1950 1.94E-04 39.63 97.52 75.18 0 62.2 255.5 
19 29.59 3000 5125 1950 0.1075 3.26E-05 41 .91 96.66 88.55 0 70.6 199.7 
20 21 .6 3000 5125 1950 0.1473 2.62E-04 42.14 65.86 0 0 54.2 '51 
21 31 .69 3000 5125 1950 0.1004 5.94E-04 37.29 91 .03 10.34 0 100.7 6-45.8 
22 26.1 3000 5125 1950 0. 1219 3.26E-04 27.73 71.7 1 0 0 56.5 461 .8 
23 22.18 3000 5125 1950 0 .1434 1.94E-04 42. 19 94.4 44.01 0 7 .1 88.6 
24 28.87 3000 5 125 0.1 1950 0 .1102 4 .92E-04 49.66 97.68 76.84 0 140.7 578.4 
25 ,. 3000 5 125 0.1 1950 0.1097 5.47E-04 46.41 98.54 85.4 0 185.8 622 
26 22.76 3000 5 125 0.1 1950 0.1398 7.66E-04 45.07 98.58 85.76 0 256.3 849.3 
27 43.28 3000 5 125 0.1 1950 0.0735 3.68E-04 26.64 93.26 32.59 0 73.3 417.9 
28 2UM 3000 5 125 0.1 1950 0 .145 1.04E-04 34.57 94.75 47.5 0 61 .9 317.9 
29 45.38 3000 5 125 0.1 1950 0.0701 1.10E-04 58.83 99.4 94.03 40.34 107.3 202.6 
30 3-4.81 3000 5125 0.1 1950 0.0914 1.87E-04 85.44 87.36 0 0 41 .8 299.4 
31 25.11 3000 5125 0.1 1950 0.1267 3.59E-04 67.25 96.57 65.65 0 1038 -496.7 
32 1.44 3000 5125 0.1 19 0.1484 3.31E-04 42.06 1~66 0 0 50.7 506.2 
33 49.71 3000 5125 0.1 1950 0.064 1.28E-04 3-4.79 98.91 ..... 0 74,7 201.1 
34 31 .72 3000 5125 0.1 1950 0.1003 2.73E-04 35.37 96.49 64.89 0 83.1 383.5 
35 3~56 3000 5125 0.1 1950 0.0977 5.12E-04 36.93 85.18 0 0 79.4 574. 
36 46.92 3000 5125 0.1 1950 487500 0.0678 6.32E-04 5.714 83.15 98.32 83.19 0 156.6 624 
37 55.81 3000 5125 0.1 1950 487500 0.057 6 .59E-05 1.564 26.14 99.42 9421 42.11 602 145.5 
38 29.79 3000 5125 0 .1 1950 487500 0.1068 1.81E-04 1.856 36.63 99.06 90.61 6.14 125.3 319.7 
39 24.51 3000 5125 0.1 1950 487500 0.1298 3.96E-04 2.543 67.64 3.56 0 0 49.9 5 1.7 
40 23.0 3000 5125 0.1 1950 487500 0. 1331 2.04 E-04 1.775 5~06 96.3 ~96 0 60.6 380.6 

" 31 .91 3000 5125 0.1 1950 487500 0.0997 2.81E-04 2.424 83.34 95.33 53.3 0 716 389.4 
42 25.6 3000 5125 0.1 1950 487500 0.1233 3.92E-04 2.607 23.41 97.46 74.59 0 127.6 5 17.9 
43 31 .53 3000 5125 0.1 1950 487500 0.1009 1.83E-04 1.9 15 31 .71 96.63 66.34 0 69.3 311.2 .. 22.S 3000 5125 0.1 1950 487500 0.1414 1.59E-04 1.569 87.64 92.07 20.74 0 56.1 357.5 
45 3UM 3000 5 125 0.1 1950 487500 0.0096 5 .65E-OS 1.287 53.8 98.4 1 84.09 0 6 1.6 206.5 
46 2 1.97 3000 5 125 0.1 1950 487500 0.1448 3.60E-04 2.256 53.24 96.63 ... , 0 11 3.3 526.3 

" 4.28 3000 5 125 0.1 1950 487500 0. 131 3.41E-04 2.315 39.66 72.85 0 0 60.9 488.5 
48 26.73 3000 5 125 0.1 1950 487500 0 .11 9 4.43E-04 2.68 37.04 93.72 37.19 0 98 552--:T 
49 42.25 3000 5125 0.1 1950 487500 0.0753 4.95E-04 4.325 33.38 97.39 73.88 0 122.6 524.6 
50 40.89 3000 5125 0. 1 1950 487500 0.0778 2.90E-04 2.883 54.87 97.23 72.25 0 81.9 361.3 
51 33.99 3000 5125 0. 1 1950 -487500 0.0936 5.16E-04 3.784 74.1 95.43 54.34 0 101 .3 570. 
52 47.2 3000 5125 0.1 1950 487500 0.0674 2.64E-04 2.98 41U8 9629 82-92 0 90.3 323.5 
53 3000 5125 0.1 1950 487500 0.0577 1.JOE-04 2.141 73.54 96.04 60.42 0 39.7 199 
54 3000 5125 0.1 1950 487500 0.1432 2.26E-04 1.797 28.5 96.44 64.45 0 91 .1 -414.5 
55 3000 5125 0.1 1950 487500 0.1237 3.42E-04 2.397 36.94 92.77 27.71 0 82.2 477.7 

3000 5125 0.1 1950 487500 0.0655 -4 .11E-04 -4 .175 35.9-4 87.2-4 0 0 62.5 «05 
57 3000 5125 0.1 1950 487500 0.0696 1.97E-04 2.423 81 .1 99.32 93.2 32.01 127.5 272.5 .. 3000 5125 0.1 1950 487500 0.1059 6.38E-04 4 .045 62.83 94.71 47.08 0 118.1 690.1 
59 3000 5125 0.1 1950 487500 0.1369 3.10E-04 2.144 68.12 97.01 10.07 0 104.6 472.6 
60 3000 5125 0.1 1950 487500 0.0048 2.11 E-04 2.125 88.57 95.97 59.67 0 63.2 324 .5 
61 3000 5125 0.1 1950 487500 0.1149 3.27E-04 2.441 65.36 0 0 0 402 -151 .8 
62 3000 5125 0.1 1950 487500 0.0696 6 .82E-04 5.954 33.26 87.91 0 0 92.9 667.6 
63 3000 5125 0.1 1950 487500 0.0505 t .46E-04 2.457 30.09 99.09 90.92 9.17 798 199.9 



Sknulallon Parameters and R85Uts: 65% lnvenlory case 

IMa•'"- 1 Rt1QUired Required Required 

nme of I Maldmum Release Remaining Volume at or A,.t Soun,, Soun,, Souree 
1-0 c,,_ above Fixed """'' Cleanup Cleanup Cleanup Ablolic C.rt>oa 

Sou= Sou= Streamlub BaM Bulk Tetrachloride Sou~• Roto LOl'IQiludioal Percentage Percentage Pa,ceotage Reaclion Tetrachloride 
Reallzatio l Velocity Concantralio Boumta,y - e Boundary R,~ Duralion e Length Porosity Densty Sou= Con<ontnotto Poro•~ Kd Constant Dispersivlly (5µgll.. (5011g/l. (50011gll.. HatfTime Travel Tlme 

mM ,,~,) t,) luo/L\ IKoM /Ko!,\ M Im) lm'lm~ CKQ/m1l {Ko) nCm3l (m3/m3l (m3/Ka) Retardation 11M <m> Compliance) Compliance) Compliance) M (y) 

21 .5 3000 2130 32.473706 2 .4547 226.7679 2149.78 5125 0.1 1950 487500 3662500 0.1478 1.97E-04 1.673 1.23E-02 52.78 84.6 0 0 56.6 398.3 
24.66 3000 4670 127.550171 4 .7086 110.7481 4401 .88 5125 0.1 1950 487500 1250000 0.129 3.99E-04 2 .562 6 .42E-03 52.21 96.08 608 0 108 532.4 
46.17 3000 830 270.005206 14 .6398 162.6609 2997.03 5125 0.1 1950 487500 2225000 0.0689 5.52E-05 1.405 1.62E-02 72.97 98.15 81 .48 0 42.8 156 

67 '49.79 3000 3770 232.270421 7.81"'3 100.929 '4830.13 5125 0.1 1950 487500 1087500 0.0639 2.99E-04 3.368 7.65E-03 21 .89 97.85 78.47 0 90.6 346.7 
68 26.34 3000 3480 16.932378 1.1667 206.7108 2358.37 5125 0.1 1950 487500 3187500 0.1208 6 .97E-04 3.918 8 .11E-03 50.27 70.47 0 0 85.5 762.5 
69 41 3000 2150 102.490738 '4 .6896 137 743 3551.28 5125 0.1 1950 487500 1725000 0.0776 1.65E-04 2.075 1 . .i42E-02 64.47 95.1 5122 0 48.9 259.5 
70 56.81 3000 4360 4 .692344 0.207'4 132.592 3676.69 5125 0.1 1950 487500 1637500 0 .056 7.09E-04 7.404 1.71E-02 82.08 0 0 0 '40.6 667.9 
71 25.31 3000 4010 0 .758277 0.0337 133.2659 3658.1 5125 0.1 1950 487500 1650000 0.1257 4 .88E-04 2 .961 1.681::-02 '45.79 0 0 0 41.2 599.6 
72 27.21 3000 5330 14.329763 0.5112 107.0251 4555.01 5125 0.1 1950 487500 1187500 0.1169 6 .88E-04 3.975 8 . .i47E-03 44.95 65.11 0 0 81.8 7"'8.6 
73 29.32 3000 3500 35.062035 1.0107 86.4n4 5637.31 5125 0.1 1950 487500 862500 0.1085 3.61E-04 2.682 9.D!IE-03 2254 85.74 0 0 69.4 488.9 
74 46.04 3000 1520 393.79069 19.2181 146.4oa;,: 3329.73 5125 0.1 1950 487500 1900000 0.0681 1.44E-04 2 .054 9.13E-03 34.26 98.73 87.3 0 75.9 = .6 
75 33.49 3000 650 450.832377 13.3696 88.9661 5479.61 5125 0.1 1950 487500 900000 0 .095 5.29E-05 1.282 9.81E-03 3B3 98.89 88.91 0 70.6 196.1 
76 23.85 3000 3890 111 .420926 5.172 139.2566 3500.73 5125 0.1 1950 487500 176 0.1334 4 .34E-04 2 .644 6.26E-03 '46.73 95.51 55.13 0 110.8 568.2 
77 .i43JM 3000 2490 286.238735 13.9079 145.765'4 3344.42 5125 0.1 1950 487500 1887500 0.0724 2.14E-04 2 .493 8.38E-03 32.2'4 98.25 a,_53 0 82.7 290.7 
78 22.28 3000 2510 236.326511 8.1926 103.999'4 4687.53 5125 0.1 1950 487500 1137500 0.1428 2.54E-04 1.899 6.00E-03 33.34 97.88 78.84 0 115.5 436.9 
79 25.57 3000 4620 0.568831 0.0173 91.4206 53325 5125 0.1 1950 487500 937500 0.1244 5.00E-04 3 .031 1.56E-02 20.2'4 0 0 0 '44.6 607.5 
80 21 .39 3000 5030 126.875199 4 .'4945 106.2n1 4587.26 5125 0.1 1950 487500 1175000 0.1487 6 .02E-04 3 .048 5.09E-03 93.26 96.06 60.59 0 136.1 730.2 
81 54.2 3000 4260 129.550689 5.3102 122.968"' 3964.43 5125 0.1 1950 487500 1462500 0.0587 3.SOE-04 '4 .014 9 .35E-03 52.36 96.14 61 .41 0 74.2 379.6 
82 43.28 3000 1330 1087.902467 40.'4284 111 .4852 4372.78 5125 0.1 1950 487500 1262500 0.0735 1.23E-04 1.843 4.71E-03 36.87 99.54 95.4 54.04 147.1 218.2 
83 23.12 3000 3270 105.824665 6.222 176.3872 2763.81 5125 0.1 1950 487500 2512500 0.1376 4 .14E-04 .521 6.18E-03 19JM 95.28 5275 0 112.1 5~.8 
64 22.33 3000 2630 22.784665 1.0476 137.9366 3534.23 5125 0.1 1950 487500 1737500 0.1425 2.85E-04 2.01 1.12E-02 31.85 78.06 0 0 61.8 461 .3 
85 32.17 3000 1630 84.409913 3.9367 139.91"'3 3484.28 5125 0.1 1950 487500 ,n5000 0.0969 1.nE-04 1.902 1.22E-02 29.19 94.08 40.77 0 56.6 303.1 
86 21 .77 3000 3560 79.60256 3.8678 145.7654 3344.42 5125 0.1 1950 487500 1887500 0.1461 3.16E-04 2 .094 7.88E-03 47.6 93.72 37.19 0 87.9 492.9 
87 34.88 3000 2980 12.357747 0.7023 170.4873 2859.45 5125 0.1 1950 487500 2387500 0.0912 2.89E-04 2 .601 1.83E-02 99.18 59.54 0 0 37.8 382.2 
88 21 .72 3000 4490 0.658439 0.0261 118.7276 4106.(),4 5125 0.1 1950 487500 1387500 0.1465 4 .98E-04 2.719 1.471::-02 26.72 0 0 0 7.2 641 .7 
89 35.11 3000 3530 55.16802 2.8667 155.8885 3127.24 5125 0.1 1950 487500 2087500 0.0906 4 .18E-04 3.332 9.JOE-03 50.87 90.94 9.37 0 74.5 486.3 
90 27.31 3000 2530 242.72278 6.8608 84.7"81 5748.95 5125 0.1 1950 487500 837500 0.1165 2 .06E-04 1.892 7.44E-03 54.23 97.94 79.4 0 93.2 355.1 
91 41 .97 3000 3840 14.372259 0.6608 137.9366 3534.23 5125 0.1 1950 487500 1737500 0.0758 3.57E-04 3.381 1.45E-02 33.87 65.21 0 0 47.9 '412.8 
92 33.28 3000 5090 90.911757 3.0351 100.1541 "'867.5 5125 0.1 1950 487500 1075000 0.0958 3.71E-04 2.961 8.41E-03 47.7 94.5 45 0 82.5 ... 
93 58.37 3000 2110 262.139989 10.4366 119,4J811j 4061 .56 5125 0 .1 1950 487500 1 0.0545 1.77E-04 2.644 1.09t-02 1.4 98.09 80.93 0 63.5 232.1 
94 22.02 3000 3620 172.258973 6.611 115.1349 4234.16 5125 0.1 1950 487500 1325000 0.1445 2.79E-04 1.975 6 .62E-03 59.75 97.1 70.97 0 104.6 459.8 
95 31 .3 1 3000 1730 63.408631 1.9151 D0.8061 5380.43 5125 0.1 1950 487500 925000 0. 1016 1.45E-04 1.721 1."'8E-02 62.93 92.11 21 .15 0 46.8 281 .6 .. '42.82 3000 710 355.247009 14 .7269 124.3658 3919.89 5125 0.1 1950 487500 1487500 0.0743 3.66E-05 1.2'49 1.48E-02 75.81 98.59 85.93 0 46.7 149.5 
97 47.98 3000 4240 35.867159 1.9374 162.0511 3008.31 5125 0.1 1950 487500 2212500 0.0663 5.65E-04 5.307 8 .7<4E-03 26.21 86.06 0 0 79.3 566.8 .. 38.89 3000 5530 107.089726 3.3499 93.8425 5194.88 5125 0.1 1950 487500 D75000 0 .0618 .i4 .70E-04 3.908 7.64E-03 71 .09 95.33 53.31 0 90.7 514 .9 .. 62.75 3000 5100 73.773436 2 .5575 103.9994 4687.53 5125 0.1 1950 487500 1137500 0.0507 4 .04E-04 5.028 1.0SE-02 44.5 9322 32.22 0 66.1 410.7 

100 63.25 3000 4870 43.406288 1.7178 118.7276 '4106.04 5125 0.1 1950 487500 1387500 0.0503 .i4 .85E-04 5.874 1.04E-02 35.04 88.48 0 0 66. 476 
101 24.16 3000 5220 168.440464 5.8819 10.i4.7599 4653.5 5125 0.1 1950 487500 1150000 0.1317 6.11E-04 3.344 4 .60E-03 70.34 97.03 70.32 0 150.8 709.4 
102 25.95 3000 1250 483.060162 22.4231 139.2566 3500.73 5125 0.1 1950 487500 1762500 0.1226 1.02E-04 1.422 6 .65E-03 45.37 ..... 89.65 0 104.2 280.9 
103 43.4 3000 4270 54.817261 2 .3732 129.879 3753.49 5125 0.1 1950 487500 1587500 0 .0733 5.06E-04 4 ."'89 a..26E-03 64.56 90.88 8.79 0 7"' .9 530.1 
104 31.3"' 3000 4840 64.345794 2 .8294 131 .9164 3695.52 5125 0.1 1950 487500 1625000 0.1015 6 .95E-04 4 .461 5.D!IE-03 41 .38 92.23 2229 0 115.7 729.'4 
105 23.6 3000 1230 94.719535 '4 .8628 154.0159 3165.26 5125 0.1 1950 487500 2000000 0.1348 1.56E-04 1.585 1.03E-02 19.01 94.72 47.21 0 6 7.7 344.1 
106 55.04 3000 1950 179.821317 7.0738 118.0135 4130.88 5125 0.1 1950 487500 1375000 0.0578 1.74E-04 2 .523 1.25E-02 29.67 97.22 72.19 0 55.6 234.9 
107 29.62 3000 2780 14 .623199 0.9131 187.3347 2602.29 5125 0.1 1950 487500 2750000 0.1074 3.02E-04 2.421 1.49E-02 69.95 65.81 0 0 46.4 418.9 
108 26.42 3000 3070 113.968205 6.9431 182.7653 2667.36 5125 0.1 1950 487500 2650000 0.1204 3.63E-04 2 .522 6 .93E-03 2275 95.61 56.13 0 100 489.2 
109 21.8 3000 3930 7.440952 0 .3272 131 .9164 3695.52 5125 0.1 1950 487500 1625000 0.1459 3.86E-04 2.339 1.25E-02 51.43 32.8 0 0 55.7 549.7 

5125 0.1 1950 487500 1537500 0.0671 4 .51E-04 '4 .398 1.46-02 17.0 70.25 0 0 4 7.3 475.'4 
5125 0.1 1950 487500 1025000 0.1092 5.44E-04 3.516 1.SJE-02 39.76 0 0 0 45.3 618.6 
5125 0.1 1950 487500 1237500 0.1136 1.68E-04 1.749 6.91c-03 '43.41 98.58 85.78 0 100.3 320.1 
5125 0.1 1950 487500 1637500 0.1035 4 .15E-04 3.026 1.26E-02 47.36 59 0 0 55 504 .5 
5125 0.1 1950 487500 1987500 0.0897 2.91E-04 2.642 '4 . .i4E-03 47.3 99.21 92.07 20.67 163.4 381 .6 
5125 0.1 1950 487500 1237500 0.0692 1.BSE-04 2.352 1.44E-02 14.12 93.28 3276 0 48 262.2 
5125 0.1 1950 487500 1625000 0.0666 .i4 .12E-04 4.13 5.71E-03 50.5 98.32 83.16 0 121.4 '443.1 
5125 0.1 1950 '487500 987500 0. 1021 2.34E-04 216 4 .73 38. 7 99.1"' 91.43 14.32 1'46.5 355 
5125 0.1 1950 487500 2300000 0.1187 1.52E-04 1.645 1.15E-02 21.28 94.31 43.08 0 60.3 314 .6 
5125 0.1 1950 487500 2125000 0.1'434 4 .58E-04 2.616 4 .40E-03 44.21 97.93 79.33 0 157.4 604 .3 
5125 0.1 1950 487500 1975000 0.1044 2.99E-04 2.447 6 .78E-03 49.77 97.69 76.93 0 102.2 411 .6 
5125 0.1 1950 487500 1212500 0.073 3.91E-04 3.711 1.19E-02 42.27 83.92 0 0 58.1 436.'4 
5125 0.1 1950 487500 1450000 0.139 2.JSE-04 1.854 9.25E-03 68.23 94.31 43.06 0 75 415.2 
5125 0.1 1950 487500 1975000 0.0638 2.83E-04 3 .239 9 .97E-03 23.78 ..... 60.42 0 69.5 332.9 
5125 0.1 1950 487500 ,n5000 0.1188 5.71E-04 3.432 9.32E-03 '41 .73 65.69 0 0 7"'.4 656.8 

5.2461 110.7481 4401 .88 5125 0.1 1950 487500 1250000 0.0527 3.63E-04 4.484 9 .58E-03 73.56 96.48 64.82 0 72.3 380.7 
3.32631 81 .38861 5989.7~ 5125 0.1 1950 487500 787500 0.1332 7.78E-05 1.295 1.21E-02 58.57 95.92 59.22 0 57.5 277.9 



Sin'Ualion Parameters and Rnutta: 65% lnw,oio,y case 

1-.. ~1 RequinKI Required Required 
Time of I Maximum Release Remaining Volume at or First - - -1-0 CA,_ above Fbl:ed """'' Cleaoop Cleaoop Cleanup ""'°"' Camon 

Sauoo Soo= Streamlub .... ""' Telrachloride ~ Rate longitudinal Peroentage Pereentage """"" .... Reaclion Tetrachloride 
Realizatio Velocily Concentralio ~ - ellounda,y Role Duration e length - Oen,~ Soo""' Concentn,tio Porosity Kd Con1tant Dis~y 15"""- 150"""- (50011gll Ho/fTome Travel Time 

" ,-, ,,_., '··-· IKaM '""~) M 1ml lm,tm"i ··--·, /Kol nlm3\ (m3fmS) (m,/Kg) Ratarnalioo l11Yl Compliance) Compliance) Compliance) M M 
127 53.74 4220 53.014972 1.8647 105.5176 4620.08 51L5 u.1 1950 487500 1162500 0.0592 2.46E-04 .104 1.65E-02 90.57 5.69 0 4 296.1 
128 62.62 3000 3100 785.012755 29.7473 113.6821 4288.27 5125 0.1 1950 487500 1300000 0.0508 2.17E-04 3.162 5.30E-03 28.81 99.36 93.63 36.31 130.7 258.8 
129 28.8-4 3000 1390 379.551173 10.7284 84.7981 5748.95 5125 0.1 1950 ""7500 837500 0.1103 1.02E-04 1.465 823E-03 61 .96 98.68 86.83 0 84.2 260.• 
130 23.76 3000 940 78.099195 3.5043 134.6086 3621 .61 5125 0.1 1950 487500 1675000 0.1339 6 .83E-05 1258 1.39E-02 41 .03 93.6 35.98 0 49.7 271.3 
131 25.51 3000 1750 44.283814 2.5951 175.8017 2n3.01 5125 0.1 1950 487500 2500000 0.1247 1.nE-04 1.698 t.31 E-02 41 .95 88.71 0 0 53 341 
132 47.27 3000 4520 4.245399 0.175 123.bb01 3942 5125 0.1 1950 487500 1475000 0.0673 5.08E-04 4 .812 1.55E-02 7.09 0 0 0 44.9 521 .7 
133 38.38 3000 3640 98.499568 5.0568 154.0159 3165.26 5125 0.1 1950 487500 2050000 0.0829 4 .66E-04 3 .842 7.86E-03 70.23 94.92 49.24 0 882 513 
134 23.94 3000 4320 11 .601842 0.657 169.8917 2869.47 5125 0.1 1950 487500 2375000 0.1329 7.95E-04 4 .025 7.43E-03 35.24 56.9 0 0 93.3 861 .7 
135 34 .5 3000 3990 966.344518 42.7018 129.879 3753.49 5125 0.1 1950 487500 1587500 0.0922 2.47E-04 2.352 3.30E-03 74.31 99.49 94.93 49.31 209.8 349.4 
136 27.14 3000 2090 79.24651 2 .5211 95.4399 5107.93 5125 0.1 1950 487500 1000000 0.1172 2.44E-04 2 .053 9.68E-03 22.44 93.69 36.91 0 71.6 387.1 
137 61 .3 3000 4010 743.983164 31.7 127.8255 3813.79 5125 0.1 1950 487500 1550000 0.0519 2 .54E-04 3.476 •.97E-03 37.88 99.33 8328 32.79 139.5 290.6 
138 45.51 3000 4280 252.978554 9.7699 115.8579 4207.74 5125 0.1 1950 487500 1337500 0.0699 2 .33E-04 2.682 9.09E-03 84.52 98.02 80.24 0 76.3 302 
139 23.72 3000 3360 181 .995676 9.53 4 157.1306 3102.51 5125 0 .1 1950 487500 2112500 0.1341 3.22E-04 2.213 6.09E-03 31 .74 97.25 72.53 0 113.9 478 
140 22.28 3000 2400 211 .192568 10.1707 144.4754 3374.28 5125 0.1 1950 487500 1862500 0.1428 2 .46E-04 1.869 6.37E-03 3322 97.63 76.32 0 108.8 430 
141 25.64 3000 2350 347.320814 14.7988 127.8255 3813.79 5125 0.1 1950 487500 1550000 0.1241 2.161::-04 1.878 5.92E-03 39.15 98.56 85.6 0 117.1 375.5 
142 29.93 3000 3460 118.143484 6.3336 160.8281 3031 .19 5125 0.1 1950 487500 2187500 0.1063 4.40E-04 3.091 6 .85E-03 61.91 95.77 57.68 0 101 .2 5292 
143 22.06 3000 4380 192.640273 7.8512 122.2668 3987.18 5125 0.1 1950 487500 1450000 0.1442 4.69E-04 2.646 -4 .84E-03 58.49 97.4 74.04 0 143.3 614 .6 
144 42.19 3000 4110 0 .74523 0. 145.7654 3344.42 5125 0.1 1950 487500 1887500 0.0754 5.62E-04 -4 .771 1.78E-02 31 .3 0 0 0 " 579.5 
145 4-4.31 3000 5450 2.388547 0.0797 100.1541 4867.5 5125 0.1 1950 487500 1075000 0.0718 5.75E-04 5.047 1.56E-02 39.43 0 0 0 44.4 583.8 
146 39.82 3000 5260 19.024625 0.6103 96.2335 5065.8 5125 0.1 1950 487500 1012500 0.0799 4 .06E-04 3.571 1.38E-02 71 .64 73.72 0 0 50.3 459.6 
147 33.45 3000 3390 6.157794 0.3364 163.8n 2974.79 5125 0.1 1950 487500 2250000 0.0951 3.84E-04 3.043 1.44E-02 22.51 18.8 0 0 482 466.2 
148 43.52 3000 3530 202.2.22265 9.7387 14-4.•754 3374.28 5125 0.1 1950 487500 1862500 0.0731 2.61E-04 2.808 8 .86E-03 58.11 97.53 75.27 0 78.3 330.7 
149 21.89 5360 321 .362059 10.3086 W.2335 5065.8 5125 0.1 1950 487500 1012500 0.1453 4 .67E-04 2.625 3.97E-03 79.41 98.44 84.44 0 174.8 614.5 
150 Jti.78 3000 1490 159.502668 6.1599 115.8579 4207.74 5125 0.1 1950 487500 1337500 0.0865 1.04E-04 1.607 1.41E-02 80.46 96.87 68.65 0 49.3 224 
151 39.57 3000 3370 23.25577 0 .8925 115.1349 4234.16 5125 0.1 1950 487500 1325000 0.0804 2.53E-04 2.588 1.69E-02 67.82 78.5 0 0 41 335.2 
152 25.47 3000 4430 10.016973 0.445 133.2659 3658.1 5125 0.1 1950 487500 1650000 0.1249 6.22E-04 3.518 9 .18E-03 35.62 50.08 0 0 75.5 707.8 
153 24.47 3000 1130 156.700185 5.0266 962335 5065.8 5125 0.1 1950 487500 1012500 0.13 6 .91E-05 1269 1.16E-02 61.52 96.81 66.09 0 59.7 265.7 
154 55.42 3000 5560 79.899551 aos 97.8112 4984.09 5125 0.1 1950 487500 1037500 0.0574 4 .54E-04 4.996 8.70E-03 30.88 93.74 37.42 0 79.6 462 
155 56.91 3000 27"0 1463.195101 55.8012 114.4096 4261 5125 0.1 1950 487500 131 2500 0.0559 1.88E-04 2.696 3.00E-03 37.69 ..... 96.58 85.83 231 .1 242.8 
156 21 .57 3000 5020 10.382068 0 .3625 104.7599 4653.5 5125 0.1 1950 487500 1150000 0.1475 5.87E-04 3.01 9.85E-03 73.1 51 .84 0 0 70.4 715.3 
157 28.05 3000 4510 79.023504 3 .1462 119.4396 4081 .56 5125 0 .1 1950 487500 1400000 0.1134 4.61E-04 3.053 7.07E-03 38.86 93.67 36.73 0 98.1 557.7 
158 33.88 3000 1090 250.748788 13.0296 155.8885 3127.24 5125 0 .1 1950 487500 =7500 0.0939 1.22E-04 1.655 1.0 1E-02 27.32 98.01 80.06 0 68.4 250.4 
159 25.09 3000 1380 55.879461 2.739 147.0497 3315.21 5125 0.1 1950 487500 1912500 0.1268 1.34E-04 1.534 1.33E-02 41 .12 91.05 10.52 0 52 313.3 
180 25.23 3000 3920 8.407514 0.3735 133.2659 3658.1 5125 0.1 1950 487500 1650000 0.1261 4.13E-04 2.656 1.27E-02 54.92 40.53 0 0 54.5 539.5 
161 39.92 3000 3200 22.040496 1.2438 169.2951 2879.59 5125 0.1 1950 -487500 2362500 0.0797 3.40E-04 3.154 1.34E-02 33.49 77.31 0 0 51 .9 405 
162 34.1 3000 1160 591.966297 18.1993 92.2314 5285.62 5125 0.1 1950 487500 950000 0.0933 1.24E-04 1.669 6.56E-03 27.45 99.16 91 .55 15.54 105.6 250.9 
163 38.15 5260 641.073203 20.394 95.4399 5107.93 51 5 0.1 1950 487500 1000000 0 .0834 3.14E-04 2.902 4 .27E-03 91 .33 99.22 922 2201 162.2 389.9 
164 22.66 3000 4550 0.047589 0.0022 139.2566 3500.73 5125 0.1 1950 487500 1762500 0.1404 7.79E-04 3.805 1.57E-02 26.86 0 0 0 44.2 860.5 
165 28.13 3000 4290 36.069061 1.4953 124.3658 3919.89 5125 0.1 1950 487500 1487500 0.1131 4.28E-04 2.913 9.05E-03 34.43 86.14 0 0 76.6 530.7 
166 26.01 3000 880 197.809533 8.8314 133.9381 3639.7-4 5125 0.1 1950 487500 1662500 0.1223 2.83E-05 1.117 1.29E-02 78.7 97.47 74.72 0 53.6 220 
167 24.66 3000 1070 55.756415 2.3114 12-4.3658 3919.89 5 25 0.1 1950 487500 1487500 0 .129 9.38E-05 1.367 1.46E-02 38.69 91 .03 10.32 0 47.5 284.2 
168 50.96 3000 3030 431.06649 12.4264 86.4n.c 5637.31 5125 0.1 1950 487500 862500 0.0624 2.25E-04 2.823 7.09E-03 34.15 98.84 88.4 0 97.8 283.7 
169 24.49 3000 4760 80.33162 2.5769 96.2335 5065.8 5125 0.1 1950 487500 1012500 0.1299 3.55E-04 2.38 8 .02E-03 61 .69 93.78 37.76 0 86.4 496 
170 31 .85 3000 5460 123.801041 4 .1331 100.1541 4867.5 5125 0.1 1950 487500 1075000 0.0999 5.76E-04 3.917 5.74E-03 55.14 95.96 59.61 0 120.8 630.3 
171 6025 3000 4180 119.256874 5.9222 148.9657 3272.57 5125 0.1 1950 487500 1950000 0.0528 4 .76E-04 5.552 7.64E-03 34.18 95.81 58.08 0 90.7 4n.3 
172 24.74 3000 1280 14.694193 0 .6691 136 6103 3566.54 5125 0.1 1950 487500 1712500 0.1286 1.54E-04 1.604 1.67E-02 26.04 65.97 0 0 41 .5 332.4 
173 23.51 3000 3560 292.1)46643 14 .8099 152.1319 3204.46 5125 0.1 1950 487500 2012500 0.1353 3.nE-04 2.409 4.62E-03 38.08 9829 82.88 0 150 525 
174 21 .64 3000 3200 84.367189 2.1 16 75.2423 6479.07 5125 0.1 1950 487500 700000 0.147 3.57E-04 2228 7.01E-03 23.14 94.07 40.74 0 98.9 527.6 
175 42.25 3000 6210 32.961821 0.9131 83.1021 5866.28 5 125 0 .1 1950 487500 812500 0.0753 4.56E-04 4.06 1.05E-02 41 .28 84.83 0 0 65.9 492.5 
176 25.43 3000 4580 29.893788 1.1617 116.5786 4181 .73 5125 0.1 1950 487500 1350000 0.1251 4.53E-04 2.832 8.nE-03 31.18 83.27 0 0 79.5 570.7 
177 24.06 3000 3460 243.023217 11 .8602 146.4082 3329.73 5125 0.1 1950 487500 1900000 0.1322 2.SBE-04 1.986 6.44E-03 86.3 97.94 79.43 0 107.6 422.9 
178 29.98 3000 3130 12.531653 0 .7562 181 .037 2692.82 5125 0.1 1950 487500 2612500 0.1061 4.85E-04 3.312 1.20E-02 67.5 60.1 0 0 57.8 566.2 
179 23.12 3000 2570 6.745329 0.2074 92.2314 5285.62 5125 0.1 1950 487500 950000 0.1376 2.67E-04 1.981 1.SJE-02 43.98 25.87 0 0 45.2 439.2 
180 38.1 3000 2170 176.3480lillil 7.2695 123.6681 3942 5125 0.1 1950 487500 1475000 0.0635 1.77E-04 2.074 1.07E-02 49.24 97.16 71.65 0 64 .6 279 
181 59.58 3000 5100 140.009905 5.0647 108.5219 4-492.18 5125 0.1 1950 487500 1212500 0.0534 5.31E-04 6.026 7.49E-03 74.15 96.43 64.29 0 92.6 518.4 
182 22.79 566.910971 17.'I.Cll 92 . .£.,14 5285.62 51.£5 u.1 1950 487= 0.1396 . 56 1.9 7 4 .00E-03 65. 1 99.12 91 .18 11 .8 173.2 433 . 
183 53.11 3000 5680 80.503201 2.4532 91 .4206 5332.5 5125 0.1 1950 487500 937500 0.0599 4.04E-04 4.41 9.59E-03 41 .02 93.79 37.89 0 72.3 425.5 
184 27.4 3000 4030 •5.676259 2.0799 136.6103 3568.5• 5125 0.1 1950 487500 1712500 0.1161 4.97E-04 3.164 8.06E-03 53.97 8ao5 0 0 88 591 .7 
185 27.78 3000 6550 28.820851 0.7484 77.906 6257.54 5125 u.1 1950 487500 737500 0.1145 5.14E-04 3271 9.02E-03 57.84 82.65 0 0 76.9 603.4 
186 27.57 3000 2780 53.3•8713 2.5807 145.1211 3359.26 5125 0.1 1950 487500 1875000 0.1154 2.64E-04 2.158 1.07E-02 39.3• 90.63 6.28 0 647 401 .2 
187 36.07 3000 2550 251 .897157 14.0642 167.4988 2910.47 5125 0.1 1950 487500 2325000 0.0682 2.061::-04 2.18 8 .39E-03 46.89 98.02 80.15 0 82.6 309.8 
188 30.62 3000 5130 0.•72524 0.0229 145.1211 3359.26 5125 0.1 1950 487500 1875000 0.1039 8.19E-04 4 .985 1..22E-02 19.2 0 0 0 56.8 834.3 
189 44.49 1 3000 3300 51 .702324 2.6973 156.5102 3114.81 5125 0.1 1950 487500 2100000 0.0715 2.68E-04 2.894 1.33E-02 39.81 90.33 3.29 0 52.1 333.3 



Simulalion Parameters and Results: 65% lnven101y case 

Maximum Required Roqul<ed Requi red 
Release Remaining Volume at Of Sou«,e - Source 

1-0 Cart>on above Fixed Cleanup Cleorn,p Cleanup Abiotic Cart>on 
Sou"" Sou"" Streemlub BaN ""' Telrachloride - Percentage Percentage Percentage Reaction Tetrachloride 

ReaUzalio Velocily Role Duration e Length Porosity Oensly Kd (5µgl\. (50 ~g/L (500 µgl\. H&lfTme TravelTime 

" m (m3/m3 K m' 
Com """' 

Com """' Com 
1 5125 0.1 1950 99.48 94.79 154.6 258.2 
191 3000 5125 0.1 1950 92.21 22.06 99.3 600 
192 3000 5125 0.1 1950 38.27 0 73 710.5 
193 3000 5125 0.1 1950 0.0899 97.66 76.58 0 56.4 = .2 ----,-.. 3000 5125 0.1 1950 0.1471 62.91 0 0 48.6 425.6 
195 3000 5125 0.1 1950 0.1357 98.48 64.85 0 &4.6 276.7 
196 3000 5125 0.1 1950 0.109 1.48E-02 85.76 0 0 4 7 313.4 
197 3000 5125 0.1 1950 0 .1127 1.21E-02 67.02 0 0 57.1 456.8 
198 55.81 3000 5125 0.1 1950 0 .057 1.62E-02 3.64 0 0 42.7 463.9 
199 33.81 3000 5125 0.1 1950 0.0941 1.04E-02 93.87 38.72 0 66.8 371.2 
200 48.94 3000 5125 0.1 1950 0 .065 1.03E-02 98.17 8 1.71 0 67.5 248.3 
20 1 28.96 3000 5125 0.1 1950 487500 0 .11 8 7.48E-03 98.38 83.8 0 92.7 316.1 
202 .«.37 3000 5125 0.1 1950 487500 0.0717 1.22.E-02 12.8 0 0 56.7 618.1 
203 24.05 3000 5125 0.1 1950 487500 0. 1323 6.81 E-03 93.68 36.83 0 101.8 561 .1 
204 39.08 3000 5125 0.1 1950 487500 0.0814 1.04E-02 91 .46 14.64 0 66.5 445.3 
205 56.31 3000 5125 0.1 1950 487500 0.0565 2 .26 1 6.69E-03 99.36 93.59 35.91 103.6 205.8 
206 49.55 3000 5125 0.1 1950 487500 0.0642 3.184 5.67E-03 98.97 99.86 0 122.3 329.3 
207 4.14 3000 5125 0.1 1950 487500 0.1318 2 .365 1.45E-02 0 0 0 47.8 502.1 
208 32.01 3000 5125 0.1 1950 487500 0.0994 2 .898 1.39E-02 60.17 0 50 464 
209 27.12 3000 5125 0.1 1950 487500 0.1173 1.47 7.13E-03 98.85 88.54 97.3 2n.8 
210 52.24 3000 5125 0.1 1950 487500 0.0609 1.807 7.00E-03 99.43 9427 42.71 99 177.3 
21 1 58.05 3000 5125 0.1 1950 487500 0.0548 3.974 4.06E-03 99.35 93.53 35.26 170.6 350.8 
212 36.48 3000 5125 0.1 1950 497500 0.0872 2.296 8.76E-03 97.72 7722 0 79.2 322.5 
213 29.03 3000 5125 0. 1 1950 487500 0.1096 3.24 1 7.9BE-03 90.34 3.37 0 86.8 572.2 
214 26.53 3000 5125 0.1 1950 487500 0.1199 2.437 1.50E-02 34.52 0 0 46.3 4 70.8 
215 39.18 3000 5125 0.1 1950 487500 0.0812 3.195 8 .29E-03 15.83 95.22 52.25 0 83.6 417.9 
21 6 27 .5 3000 5125 0.1 1950 487500 0.1157 1.612 8.56E-03 39.98 97.98 79.&4 0 81 300.5 
217 4 1.86 3000 5125 0.1 1950 487500 0.078 1.694 8 .8 1E-03 25.89 98.99 89.92 78.7 207.4 
218 23.97 3000 5125 0.1 1950 487500 0.1327 1.507 8.94 E-03 31 .91 97.24 72.42 77.5 322.2 
219 32.73 3000 5125 0.1 1950 487500 0.097 3.798 1.34E-02 56.08 8.7 0 51.8 594.8 
220 24.1 3000 5125 0.1 1950 487500 0 .132 228 1.49E-02 90.82 43.07 0 46.6 484.8 
221 27.54 3000 5125 0.1 1950 487500 0.11 55 4 .082 9.32E-03 77.28 65.65 0 74.4 759.4 
= 50.58 3000 5125 0.1 1950 487500 0.0629 4.413 7.38E-03 72.24 97.23 7232 93.9 447.1 
223 2228 3000 5125 0.1 1950 487500 0.1429 2.578 8.45E-03 33.03 82.51 0 82.1 593.5 
224 42.42 3000 5125 0.1 1950 487500 0 .075 1.851 9.54E-03 11.89 9B.62 86.18 72.6 223.6 
225 30.24 3000 5125 0.1 1950 487500 0.1052 3.312 1.24E-02 48.73 41 .86 0 56.1 561 .2 
226 26.1 3000 5125 0.1 1950 487500 0.1216 3.969 7.31E-03 36.01 75.52 0 94.8 777.4 
227 27.24 3000 5125 0.1 1950 487500 0.1168 2.133 1.16E-02 29.89 88.38 0 0 59.9 401 .3 
228 21 .97 3000 5125 0.1 1950 487500 0.1448 2.198 1.40E-02 30.72 0 0 0 49.4 512.6 
22, 37.43 3000 5125 0.1 1950 487500 0.085 2.99 8 .49E-03 64.65 96.26 62.6 0 81.6 409.4 
230 43.11 3000 5125 0.1 1950 487500 0.0738 3.08 7.93E-03 38.12 97.4'1 74--;-36 0 87.4 366.2 
231 56.21 3000 5125 0.1 1950 487500 0.0568 6.73 8 .48E-03 3622 87.3 0 0 81 .8 613.7 
232 24.57 3000 5125 0.1 1950 487500 1.448 9 .43E-03 70.8 97.52 0 73.5 301.7 
23 46.99 3000 5125 0.1 1950 487500 3.11 8 3.41E-03 34.97 99.48 48.25 203 339.8 
234 24.28 3000 5125 0.1 1950 487500 1.414 1.00E-02 32.42 96.94 0 69.2 298.3 
235 28.43 3000 5125 0.1 1950 487500 '288 6.72E-03 53.87 87.17 0 103.1 772.5 
238 37.89 3000 5125 0.1 1950 487500 .307 1.42 -02 89.31 92.15 0 8.9 313.7 
237 33.74 3000 5125 0.1 1950 487500 3.256 1.50E-02 50.14 18.41 0 46.2 494.6 

29.65 3000 5125 0.1 1950 '87500 3.15 9.57E-03 27.89 79.46 0 72.4 544.5 
239 30.27 3000 5125 0.1 1950 487500 4.331 9.41 E.03 62.09 63.44 0 0 73.6 733.3 
240 35.75 3000 5125 0 .1 1950 487500 3.156 5.56E-03 26.35 98.1 8 1.25 0 124.8 452.7 
241 46.31 3000 5125 0 .1 1950 497500 5.248 1.91E-02 55.79 0 0 0 36.2 580.8 
242 54.66 3000 5125 0.1 1950 487500 5.153 1.00E-02 75.61 92.82 28.22 0 69.2 483.1 
243 27.83 3000 5125 0.1 1950 487500 3.055 1.20E-02 52.74 49.95 0 0 58 562.6 
244 39.92 3000 5125 0.1 1950 487500 2.303 1.18E-02 23.5 95.16 51.61 0 58.8 295.7 
245 59.02 3000 5125 0.1 1950 487500 3.016 3 .87E-03 87.95 99.56 95.62 .23 179 261.8 
246 56.27 3000 5125 0.1 1950 487500 5.989 6.27E-03 88.07 97.73 77.3 0 110.5 526.7 
247 23.69 3000 5125 0.1 1950 487500 2 .462 8.43E-03 65.51 91 .01 10.06 0 82.3 532.7 

48 53.29 3000 5125 0.1 1950 487500 2.876 1.22E-02 75.68 96.71 67.08 0 57 276.6 ,.. 60.48 3000 4480 5125 0.1 1950 487500 3.839 6.81 E-03 72.69 98.77 87.7 0 101.7 325.3 
2.50 32.1 3000 3830 5125 0.1 1950 487500 2 .597 1.74E-02 69.53 35.56 0 0 39.9 414.6 
251 3013 3000 1750 5125 0.1 1950 487500 1.773 3.37E-03 37.16 99.54 95.45 54.49 205.4 301.6 
252 29.4 3000 3840 5125 0.1 1950 487500 3.949 1.0SE-02 42.62 29.45 0 0 65.8 688.3 



S!mulalioo Paramet81'S and Results: 65% Inventory Case 

""'"'- Required Required Required 
Timeol Maximum Release Remaining Volume at or First Sounoe Sounoe -Maximum at Concentratio Rate al 1-0 C.,bon above Fixed Oroe, Cleanup Cleanup Cleanup Abiolic C.,oon 

Fixed Souroe Compliance n Compliance Complianc Sou,ce Sou,ce Streamlub .... Bulk Tetrachloride Sou,ce .... Longitudinal Percentage Percentage Percentage Reaction Tetrachloride 
Rea~zatio Velocity Concentralio - Bounda,y e Boundary Raio Duration e Length Porosity Oen•~ Sou"" Concentralio Porosity Kd Constant Dispersivity (5µgi\. (50 µg/l (500 µgl1. Half Time TravelTime 

" frnM n Iman.. ) M ·•"' /KO,,,) /KO,,,) 1,1 1ml fm3fm~ fKafm3
) (K ) n (m3l (m3/m11 lm1n<a) Retardation f 11v) Im) Comllliaoce\ Compliance) Compliance) M M 

253 45.84 3000 5760 

• 
82.2476 5927.23 51 25 0,1 1950 487500 800000 0.0694 3.45E-04 3.515 1.27E-02 53.99 87.82 0 0 54.8 393 

254 23.34 3000 1960 103.9994 4687.53 5125 0.1 1950 487500 1137500 0.1363 1.51E-04 1.559 9.65E-03 67.04 96.27 62.72 0 71.8 342.4 
255 51 .9 3000 4520 

112.2199 1 4344.151 
5125 0. 1 1950 487500 1275000 0.0613 2.86E-04 3.359 5.50E-03 65.89 99.09 90.89 8.92 126.1 331.7 

256 51.06 3000 1270 5125 0. 1 1950 487500 662500 0.0623 9.06E-05 1.735 6.89E-03 63.56 99.46 94.63 46.26 100.6 174.2 
257 36.69 3000 11 00 5125 0.1 1950 487500 1662500 0.0667 7.97E-05 1.465 5.08E-03 55.95 99.54 95.36 53.65 136.4 204.6 
258 24.12 3000 1010 5125 0.1 1950 487500 1025000 0. 1319 1.17E-04 1.447 1.15E-02 20.96 84.64 46.37 0 60.2 307.5 
259 54.76 3000 4440 5125 0.1 1950 487500 1387500 0.0581 4 .10E-04 4 .564 1.64E-02 50.34 55.04 0 0 42.3 427.2 
260 31.04 3000 2670 194.6437 2504.58 5125 0.1 1950 487500 2912500 0.1025 2 .65E-04 2 .307 1.75E-02 49.61 39.13 0 0 39.5 381 
261 42.76 3000 1830 174.0393 2801 .09 5125 0.1 1950 487500 2462500 0.0744 1.58E-04 2.071 1.87E-02 53 88.36 0 0 37.1 248.2 
262 28.05 3000 880 131 .9164 3695.52 5125 0.1 1950 487500 1625000 0.11 34 7.40E-05 1.33 1.34E-02 34.91 96.06 60.57 0 51 .7 242.9 
263 22.95 3000 2150 122.2668 3987. 18 5125 0.1 1950 487500 1450000 0.1386 1.91E-04 1.695 7.94E-03 47.16 9 7.04 70.37 0 87.3 378.5 
264 46.99 3000 5230 17.490023 0 .7452 127.8255 3813.79 5125 0.1 1950 487500 1550000 0.0677 6.45E-04 5.818 9 .24E-03 23.95 71.41 0 0 75 634.5 
265 37.04 3000 2410 41 5.503657 20.0995 145.1211 3359.26 5125 0.1 1950 487500 1875000 0.0859 1.67E-04 1.965 7.57E-03 66.88 98.8 87.97 0 91.6 274.7 
266 22.08 3000 4090 4.083945 0.1931 141 .878 

I 
5125 0.1 1950 487500 1812500 0.1442 6.34E-04 3.223 1.06E-02 4 7.86 0 0 0 65.6 748.7 

267 23.15 3000 1520 53.742142 2.2528 125.7554 5125 01 1950 487500 1512500 0.1374 1.76E-04 1.647 1.14E-02 27.37 90.7 6.96 0 60.7 364 ,5 
268 45.32 3000 6970 18.080 169 0.4535 75.2423 5125 0.1 1950 487500 700000 0.0702 5.36E-04 4 .857 1.10E-02 36.59 72.35 0 0 63.3 549.3 
269 29,9 3000 3660 75.094567 3.9642 158.3679 5125 0,1 1950 487500 21 37500 0.1064 5.51E-04 3.619 7.10E-03 74.71 93.34 33.42 0 97.6 620.4 
270 55.33 3000 6660 6.566208 0.231 105.5176 5125 0,1 1950 487500 

11625001 00571 I 
8.05 1.03E-02 26.45 23.85 0 0 67.4 745.7 

271 23.55 3000 2870 57.411456 2.6776 139.9143 5125 0.1 1950 487500 1.933 1.02E-02 56.85 91.29 12.91 0 67.9 420.7 
272 48.13 3000 2510 693.306496 25.9343 112.2199 4344.15 5125 0.1 1950 487500 2 .143 6 .71E-03 75.14 99.28 92.79 27.88 103.2 228.2 
273 27.03 3000 3440 46.358598 1.9859 128.5118 3793.42 5125 0.1 1950 487500 2 .173 1.13E-02 65.03 89.21 0 0 61.4 412.1 
274 38.84 3000 4280 5.401 743 0,2983 165.6929 2942.19 5125 0.1 1950 487500 5.106 1.11 E-02 28.19 7.44 0 0 62.7 672.1 
275 34.21 3000 4210 322.260315 11 .5772 107.7748 4523.32 5125 0.1 1950 487500 2 .444 6.52E-03 65.83 98.45 84.48 0 106.3 366.2 
276 29.9 3000 5180 127.540929 5.0172 118.0135 41 30.88 51 25 0,1 1950 487500 1375000 0.1064 4.083 4 .86E-03 30.7 96.08 60.8 0 142.6 699.8 
271 23.51 3000 4400 240.685627 9.2951 115.8579 4207.74 5125 0.1 1950 487500 ·~1 'i 3.37E-04 2 .261 5.42E-03 52.57 97.92 79.23 0 127.9 492.7 
278 48.79 3000 2970 56.888724 2.7028 142.5296 

:] 
5125 0.1 1950 487500 2.45E-04 2.898 1.40E-02 32.64 91 .21 12. 11 0 49.6 304.4 

279 50.74 3000 4020 88.197454 

OJ139.J 

5125 0,1 1950 487500 • 3.908 9.94E-03 41 .84 94.33 43.31 0 69.7 394.7 
280 43.05 3000 1930 495.608658 5125 0.1 1950 487500 1.973 7.97E-03 58.04 98.99 89.91 0 86.9 234 .9 
281 41 .21 3000 4020 18.487294 5125 0,1 1950 487500 3.924 1.10E-02 14.68 72.95 0 0 62.9 488 
282 23.07 3000 1770 971 .346034 5125 0.1 1950 487500 1.443 3.59E-03 62.94 99.49 94.85 48.53 193.1 320.5 
283 43.94 3000 3690 19.021123 5125 0.1 1950 487500 3.122 42.05 73.71 0 0 44.1 364 ,1 
284 25.97 3000 3840 19.211832 0.4989 77.906 6257.54 5125 0.1 1950 487500 737500 0.1225 3.37E-04 239 53.71 73.97 0 0 57.5 471 ,7 
285 24.43 3000 4080 5.338965 0.2188 122.9684 3964.43 5125 0.1 1950 487500 1462500 0.1302 3.79E-04 2.471 49 6.35 0 0 49.4 518.3 
286 39.28 3000 4420 21 .561963 0.9038 125.7554 3876.57 5125 0.1 1950 487500 1512500 0.081 4 .34E-04 3.705 

11 
16,77 76.81 0 0 64.1 483.5 

287 23.71 3000 5140 30.333647 ··rT~~I 5125 0.1 1950 487500 1200000 0.1342 5.97E-04 325 7. 38.38 83.52 0 0 95.3 702.6 
288 32.43 3000 1200 693.169955 5125 0.1 1950 487500 1700000 0.0981 1.02E-04 t.527 6. 43.48 99.28 92.79 27.87 112 241.3 
289 34.06 3000 5000 3.936271 5125 0.1 1950 487500 1250000 0.0934 

I 
3.872 1.29E-02 25.85 0 0 0 53.9 582.6 

290 46.65 3000 1270 393.605756 5125 0,1 1950 487500 11 25000 0.0682 1.806 1.06E-02 46.8 98.73 87.3 0 65.5 198.5 
291 46.78 3000 850 1387.248064 5125 0.1 1950 487500 825000 0,068 1.442 4 .94E-03 54 .98 99.64 96.4 63.96 140.3 157.9 
292 31.1 3000 5580 12.754912 5125 0.1 1950 487500 975000 0.1023 3.372 1.t OE-02 31 .78 60.8 0 0 63.3 565,7 
293 26.71 3000 4340 52.319956 5125 0.1 1950 487500 1387500 0. 1191 2.643 8.97E-03 58.98 90.44 4.4 3 0 77.3 507.1 
294 26.76 3000 4 310 339.843771 5125 0.1 1950 487500 1487500 0.1189 2.723 4 .30E-03 25.27 98.53 85.29 0 161 .3 521.6 
295 25.95 3000 1880 175.246611 5.2928 90.6061 5380.43 5125 0.1 1950 487500 925000 0. 1226 1.706 8.79E-03 44.36 97.15 71 .47 0 78.9 336.9 
296 34.02 3000 2080 473.007673 22.7793 144.4754 3374.28 5125 0.1 1950 487500 1862500 0.0935 1.55E-04 1.838 6 .94E-03 60.77 98.94 89.43 0 99.9 276.9 
297 21.47 3000 1830 52.380544 3.379 193.5283 2519.01 5125 0.1 1950 487500 2887500 0.1482 1.47E-04 1.501 1.22E-02 65.62 90.45 4.54 0 57 358.5 
298 35.71 3000 3400 48.466566 2.5185 155.8885 3127.24 5125 0.1 1950 487500 2087500 0.0891 3.49E-04 2.962 1.09E-02 54.4 3 89.68 0 0 63.6 428.1 
299 22.2 3000 4200 296.403933 12.4248 125.7554 3876.57 5125 0.1 1950 487500 1512500 0.1431 4.0JE-04 2.424 4 .36E-03 48.04 98.31 83.13 0 159 558.8 
300 39.37 3000 4110 10.674725 0.4621 5125 0.1 1950 487500 1587500 0.0808 4 .79E-04 3.998 1.40E-02 66,64 53.16 0 0 4 9.5 520.5 
301 23.29 3000 790 19.163524 0.8383 5125 0,1 1950 487500 1612500 0,1366 8.09E-05 1.299 1.81E-02 20.41 73.91 0 0 38,2 285.9 
302 41 .37 3000 3990 16.362823 0.7774 5125 0.1 1950 487500 1825000 0.0769 4 .44E-04 3.918 1.19E-02 26.77 69.44 0 0 58.3 485.4 
303 52.76 3000 4080 

II. 
5125 0.1 1950 487500 

I 
0.0603 2.50E-04 3.092 1.11E-02 55.24 96.6 66.02 0 62.8 300.4 

304 21 .5 3000 3730 5125 0,1 1950 487500 0.148 4 .62E-04 2 .577 8.67E-03 21 .35 73.99 0 0 80 614.3 
305 49.02 3000 4180 5125 0 .1 1950 487500 0.0649 3.85E-04 3.998 7.26E-03 17.11 96.91 69.08 0 95.5 418 
306 61.77 3000 2040 5125 0.1 1950 487500 0.0515 1.27E-04 2 .249 8.83E-03 67.87 99.2 91 .96 19.59 78.5 186.6 
307 50.42 3000 4460 5125 0,1 1950 487500 0.0631 3.12E-04 3.502 4.92E-03 31.1 99.1 90.96 9.63 140.9 356 
308 25.03 3000 3050 5125 o., 1950 487500 0 .127 1 3.46E-04 2 .376 1.17E-02 23.58 64.47 0 0 59.4 486.6 
309 34.39 3000 5170 5125 0.1 1950 487500 0.0925 6 .78E-04 4 .704 1.79E-02 51.09 0 0 0 38.7 701 
310 52.58 3000 820 5125 0.1 1950 487500 0.0605 5.87E-05 1.491 8.54E--03 59.4 99.44 94.38 43.79 81.1 145.3 
311 24.7 3000 3880 5125 0.1 1950 487500 0 .1288 4 .84E-04 2.899 4.19E-03 25.2 98.1 80.97 0 165.5 601 .5 
312 32.6 3000 4080 5125 0.1 1950 487500 1525000 0.0976 3.66E-04 2.895 t .63E-02 46.08 2.06 0 0 42.4 455.2 
313 27.62 3000 4360 0 .12627 0 .0057 135.9447 3586.02 5125 0.1 1950 487500 1700000 0.1152 7.53E-04 4.306 1.75E-02 4 5.57 0 0 0 39.7 799.1 
314 21 .82 3000 3690 7.421397 0.3887 157.1306 3102.51 5125 0.1 1950 487500 2112500 0.1458 6.0SE-04 3.108 1.01E-02 61 .34 32.63 0 0 68.9 730.1 
315 29.38 3000 5570 6,170523 0.2012 97.8112 4984.09 5125 o., 1950 487500 1037500 0.1083 6 .02E-04 3.81 1.09E-02 36.67 18.97 0 0 63.7 664 .7 



Simulation Parameters and Resulls: 65% lnvenlofy Case 

Maximum Required Required Required 

Timeof Maidmum Release Remaining Volume at or First Soun,e Souree "°""' Maidmumat Corlcentratio Raleat 1-D ca"'°" above Fixed """" Cleanup Cleanup Cleanup Abio!Jc Ca-
Fixed Souroe CompHaoce n Compliance Complianc Sou"'8 Sou"'8 Streamtub Bulk Tetrachloride So<,c, Percentage Percentage Percenlage Reaction Tetrad'lloricle 

ReaMz.atlo Velocity Concentralio - Boundary a Boundary Duration °"'"' Concenlratlo Porosity Kd (5µg/l (5011g/L (SOOµg/l HalfTme Travel nma 
" IL K ml/mJ (mlfK) Retarda\loo m Com ..,.,. Com ..,.,. Com 

316 3000 14 .1475 0. 1282 7.11 E-04 3 .604 28.61 98.33 83.29 785.6 
317 3000 0.0695 1.46E-04 2.065 46.28 97.45 74.54 231 .2 
318 3000 0.0792 1.83E-04 2.167 18.36 98.03 60.27 276.5 
319 3000 0.1011 1.60E-04 1.798 42.43 .. 22 922 292.8 
320 3000 0.1027 1.98E-04 1.975 44.07 96.52 65.17 326.8 
321 3000 1950 0.0837 2.09E-04 2.264 29.69 91 .8 17.96 305.3 
322 3000 1950 0.0674 5.25E-04 4.035 52.91 0 0 0 47.1 568.1 
323 3000 1950 0.0832 3.30E-04 3.007 1 0 0 0 37.9 403 
324 3000 1950 487500 0.0941 2.63E-04 2.413 46.39 ..... 89.56 0 132.9 365.8 
325 3000 1950 487500 0.1233 2.41E-04 1.987 30.93 60.38 0 0 46.9 394.8 
328 3000 1950 487500 0.1145 2.12E-04 1.938 20.16 96.35 63.49 0 78.4 357.4 
327 3000 1950 487500 0.1171 4.36E-04 2.883 27.41 91.41 14.09 0 90.1 543.9 
328 3000 1950 487500 0.1161 1.16E-04 1.505 7211 97.57 75.69 0 68.9 281.4 
329 3000 1950 487500 0.0567 6.25E-04 6.568 27.25 0 0 0 47.4 599.9 
330 3000 1950 487500 0.0959 1.26E-04 1.662 23.25 98.69 86.93 0 85.1 256.7 
331 3000 1950 487500 0.0819 7.60E--05 1.489 96.49 64.88 0 412 193.8 
332 3000 1950 487500 0.059 3.48E-04 3.978 96.73 67.29 0 83.9 378.1 
333 3000 1950 487500 0.1407 4.39E-04 2.576 93.63 36.33 0 107.5 583.8 
334 3000 1950 0.1335 1.n e -04 99.01 90.09 0.89 134.7 355.3 

5 3000 1950 0.091 7.31E-04 85.59 0 0 91 . 741 .7 
336 37.65 3000 1950 0.0845 1.91 E-04 99.19 91.89 18.86 122.8 291 .9 
337 28.92 3000 1950 0.11 9.33E-05 ... 2 91.95 19.55 110.3 253.2 
336 34.28 3000 1950 0.0928 7.88E-05 99.37 93.68 36.82 109.3 213.7 
339 37.47 3000 1950 0.0849 2.24E-04 99.49 94.91 49.06 191 .4 319.4 
340 23.64 3000 1950 0.1346 5.05E-04 84.69 0 0 88.5 
341 53.02 3000 1950 0.06 6.66E-04 95.03 50.27 0 110.3 639.1 
342 38.47 3000 1950 0.0827 3.43E-04 97.74 77.37 0 102.8 412.8 
343 60.03 3000 1950 0.053 6. 19E-04 92.89 28.95 0 92.2 589.5 
344 35.95 3000 1950 0.0885 2.39E-04 97.6 75.97 0 80 336.8 
345 50.9 3000 1950 0.0625 4.60E-04 96.79 67.85 0 101 474.9 
346 40.22 3000 1950 0.0791 5.76E--05 98.1 80.96 0 47.9 174,4 
347 51 .64 3000 1950 0.0616 2.49E-04 88.41 0 0 42.3 301.8 
348 38.56 3000 1950 0.0825 5.21 E-04 84.82 0 0 722 557.4 
349 50.86 3000 1950 0.0628 1.BOE-04 96.7 66.99 0 54 247.5 

23 3000 1950 0.1383 3.51E-04 75.37 0 0 64.9 508.3 
351 56.71 3000 1950 0.0561 1.40E-04 96.76 67.65 0 44.6 204.1 
352 21.25 3000 1950 0.1497 2.66E-04 96.55 65.48 0 984 457.7 
353 45.06 3000 1950 0.0706 3.3SE-04 97.2 n 0 87 386.8 
354 23.65 3000 1950 0.1345 4.36E-04 64.66 0 0 70.3 571.3 
355 5241 3000 1950 0.0607 6.87E-04 ..... 9.88 0 97,1 6572 
356 29.4 3000 1950 0.1062 8.74E.OS 96.83 68.25 0 56.B 245.5 
357 37.34 3000 1950 0.0652 1.10E-04 98.58 85.81 0 70.9 226.5 
358 2726 3000 1950 0.1167 2.SOE-04 83.61 0 0 55.lil 391 .9 
35 23.37 3000 1950 0.1361 3.07E-04 89.2 0 0 73.2 4692 
360 21.7 3000 1950 0.1466 3.33E-04 24.77 0 0 48.lil 5072 
361 41.8 3000 1950 0.0761 1.42E-04 ..... 86.SB 0 76.5 237.9 

37.1 3000 5125 0.1 1950 0.0857 1.83E-04 2 .082 36.73 96.27 62.74 0 61 . 287.4 
57.63 3000 5125 0.1 1950 0.0552 7.71E-04 8 .065 18.72 12.84 0 0 67,1 717.2 
35.99 3000 5 125 0.1 1950 0.0664 3.00E-04 2.718 44.02 97.96 79.56 387 

28.2 3000 5125 0.1 1950 0.1128 2.18E-04 1.976 38.22 97.57 75.73 359.1 
25.43 3000 5125 0 1 1950 0.1251 3.0SE.-04 2.234 26.39 67.43 0 0 450.2 
29.43 3000 5125 0.1 1950 0.1081 2.88E-04 2.348 24.36 65.4 0 0 ... 
29.29 3000 5125 0.1 1950 0.1086 1.92E-04 1.893 59.55 99.3 93.03 30.31 331 .2 
6214 3000 5125 0.1 1950 0.0512 3.70E-04 4.648 53.33 97.23 72.32 0 .4 
34.36 3000 5125 0.1 1950 0.0926 7.17E-04 4.91• 19.31 0 0 0 733.1 
26.89 3000 5125 0.1 1950 0.1183 4.45E-04 2.902 51 .73 95.6 55.97 0 553.1 
36.61 3000 5125 0.1 1950 0.0869 4.26E-04 3.475 29.02 86.12 0 0 486.5 
39.42 3000 5125 0.1 1950 0.0807 1.44E-04 1.899 2-4.39 98.51 85.11 0 2489 
54.38 3000 5125 0.1 1950 0.0585 4.12E-04 4.56 35.86 96.35 63.45 0 429.8 
29.05 3000 5125 0.1 1950 0.1095 5.30E-04 3.446 43.81 96.75 67.46 0 607.6 
4242 3000 5125 0.1 1950 0.075 2.69E-04 2.811 31 .96 92.53 25.29 0 339.6 

377 49.48 3000 5125 0.1 1950 0.0643 1.00E-04 1.809 76.02 ..... 89.87 0 187.4 
378 25.55 3000 5125 0.1 1950 0.1245 2.03E-04 1.823 66.37 96. 3 63.3 0 365.7 



SilfUBtioo Parameters and Results: 65% lnYllfllory Case 

Maximl#TI Required Requin:ld Required 
TI-of Maximum Release Remaining Voh.111-.eator A,.t Soun,e Sounoo Sounoo 

Maximum at Concentralio Rate at 1-0 c.rnon aboYe Fixed °""' Cleanup c,.,,.,,, Cleanup Abiolic c.rnon 
Axed Source CompMaoce nCornpliance Complianc """"" """"" Streamlub ""' Tetrachloride - ""' Percentage Percentage Percentage Reaction Tetrachloride 

Realizalio Velocity Concentratio Bounda,y - • Bounda,y Duration e Length Denso/ Concentratio POIOsity (51,gll. (50 µg/l (500119/L HatfTme TravelTime 

" IL ) K m K m'lm' Com iance) Com iaoco) Compliance 
379 3000 3900 5125 1950 487500 0.0588 .... .. 0 280.2 
390 3000 5125 1950 487500 0.1136 94.5 1 45.05 0 303.1 
381 3000 5125 1950 487500 0.1459 99.12 91.18 11 .76 317.2 
382 3000 5125 1950 487500 0.1294 0 0 0 693.4 
383 3000 5125 1950 487500 0.1055 94.93 49.29 0 403.6 
384 3000 5125 1950 487500 0.1283 0 0 0 522.• 
385 3000 5125 1950 487500 0.080• 97.34 73.4 0 49.8 204 .6 
386 3000 5125 1950 487500 0.0626 4 1,17 0 0 6 1.9 602.3 
387 3000 5 125 1950 487500 0.0564 75.7 0 0 43.6 360.7 
388 3000 5 125 1950 487500 0.1252 0 0 0 56.5 729.5 

9 3000 5125 1950 487500 0.0676 94.16 41 .58 0 105.1 612.5 
390 3000 5125 1950 487500 0.1021 87.82 0 0 6•.1 425.-4 
391 3000 5125 1950 487500 0.0783 "·" 0 0 50.6 '60.2 
392 3000 5125 1950 487500 0.0542 86.48 0 0 39.1 273.4 
393 3000 5125 1950 487500 0.1015 9923 92.35 23.45 135.8 311.8 
39• 3000 5125 0.1 1950 487500 0.056• 98.19 81 .92 0 96.8 359.9 
395 3000 5125 0.1 1950 487500 0.1372 98.67 86.72 0 177 552.4 
396 3000 5125 0.1 1950 487500 0.1491 0 0 0 48.1 13.4 
397 3000 5125 0.1 1950 487500 0.1309 98.31 83.08 0 168.8 620.9 
398 3000 5125 0.1 1950 487500 0.141 5 69.72 0 0 40.2 337.7 
399 3000 5 125 0.1 1950 487500 0.0652 90.46 4.61 0 40 256.5 
400 3000 5125 0.1 1950 487500 0.0711 78.55 0 0 71 532.9 
401 3000 5125 0.1 1950 487500 0.0787 99.6 95.95 59.51 121 .8 159.2 
402 3000 5 125 0.1 1950 487500 0.0966 99.28 92.8 28.05 212.6 458.4 
403 3000 5125 0.1 1950 487500 88.8 0 0 68.7 481 .8 
40• 3000 5125 0.1 1950 487500 96.6 1 66.13 0 97.1 442.7 
405 3000 5 125 0.1 1950 487500 93.63 36.3• 0 95.7 558 .,,. 3000 5 125 0.1 1950 487500 3.45E-04 91 .06 10.56 0 57.6 377.7 
407 3000 5125 0.1 1950 487500 4.89E-04 96.3 1 63.1 0 126.5 562.2 
408 3000 5125 0.1 1950 487500 3.14E-04 97.6 76 0 96.4 380 
409 3000 5125 0.1 1950 3.68E-04 2.927 89.97 0 0 70.7 
410 3000 5125 0.1 1950 4 .90E-04 '·"°' 97.9 79.19 0 120.2 
411 3000 5125 0.1 1950 4 .87E-04 4 .137 98.8 88.01 0 174.2 
412 3000 5125 0.1 1950 4 .24E-04 3.609 97.86 78.6 0 118.6 
413 3000 5125 0.1 1950 8.02E-05 1.285 ..... 69.61 0 69.1 

'" 3000 5125 0.1 1950 7.39E-04 5.30• 87.44 9-4 .62 46.17 112.7 
415 3000 5125 0.1 1950 4 .73E-04 5.631 22-67 23.17 0 45.9 
416 3000 5125 0.1 1950 2.27E-04 1.967 55.32 50.02 0 40.7 

"' 3000 5125 0.1 1950 4 .SOE-04 5.139 28.65 9122 12.16 71.5 
418 3000 5125 0.1 1950 1.41E-04 1.592 33.6• 97.53 75.28 77 
419 3000 5125 0.1 1950 3.76E-04 2.473 25.48 82.77 0 72.7 
420 3000 5125 0.1 1950 2.35E-04 2.841 1 .79 94.93 49.3 57.7 
421 3000 5125 0.1 1950 2.60E-04 1.875 36.15 94.01 40.14 0 83.7 
422 3000 5 125 0.1 1950 5.09E-04 3.02 91.3 9.75 0 0 51 
•23 3000 5125 0.1 1950 2 .74 E-04 2 .045 50.8 91 .82 18.25 0 72 
424 3000 5125 0.1 1950 4 .73E-04 2.66 1 86.8 90.42 4.2 0 89.2 
425 3000 5125 0.1 1950 2 .57E-04 2.568 42.91 95.51 55.1 0 672 
426 3000 5125 0.1 1950 2 .76E-04 2.13 75.48 96.25 62.51 0 86 
427 3000 5125 0.1 1950 5.34 E-04 4.406 13.19 80.25 0 0 77.4 
428 3000 5125 0.1 1950 1.33E-04 1.71 4 69.34 97.66 76.59 0 644 .,. 3000 5125 0.1 1950 5.88E-04 4,93 23.74 0 0 0 54.1 
430 29.48 3000 5 125 0.1 1950 1.25E-04 1.584 80.36 94.94 49.41 0 5 1.6 
431 21 .93 3000 5125 0.1 1950 3.59E-04 225 34.69 65.99 0 0 634 

"' 61 .53 3000 5125 0.1 1950 UIOE-04 1.977 26.87 99.42 94.19 41 .91 90.3 
433 22.39 3000 5 125 0.1 1950 2.SSE-04 1.909 57.67 98.95 89.51 0 158.4 . 5. 3 3000 5125 0.1 1950 •.29E-04 .<01 7 .85 117.65 76.51 "' 435 2-4.72 3000 5 125 0.1 1950 1.89E-04 1.743 58.72 97.78 n .85 92-1 

•38 55.91 3000 5 125 0.1 1950 3.36E-04 3.983 6848 97.77 n .11 857 

• 7 2-4.78 3000 5125 0.1 1950 2.84E-04 2.116 29.05 96.11 6 1.07 92.8 
23.57 3000 5125 0.1 1950 5.2 1E-04 2.95 73.84 40.5 0 60.5 
55.62 3000 5 125 0.1 1950 6.22E-04 6.-495 27.04 Ui7 0 53.4 
36.19 3000 5 125 0.1 1950 3.47E-04 2.997 55.88 82 54.5 

65 3000 5125 0.1 1950 2.04E-04 2.12• 92.4 97.•9 74.92 72.7 



Sirrulation P..ameters and ReSIJts: 65% lnvenlory case 

1-.. -1 Requifed Required Required 

Time of I Maidmum Release Remaining Volurneato,: Fl<>I Sou,ce s...ce Soun,e 

1-0 ca_, above Fixed °""'' Cleanup C\eaoop Cleanup AbloUo C.rt>o, 
Sou""' Sou""' Streamtub Ba~ ""' Tetrachloride Sounoo Roto Longitudinal Percentage Percentage Percentage Reaction Tetrachloride 

ReaNzatiol Velocity / Concentralio I Boundary I Booodary le Boundaryj Raio Duration e Length ~i!)' Denstr 5ou,.,. Concentralio P~osi!y ':" Constant Oisperslvlty (S11gn.. (501•g/l (SOOttgn.. HalfTime Travel Time 
Comoliancel Comoliancel Comoliancel M M 

48.12 0 0 45 410 
98.69 86.94 0 101 .6 317.3 
34.59 0 0 57. 618.7 

--
445 23.58 3000 870 63.580679 1.5372 

- ---
n5304 6721 .32 5125 0.1 1950 487500 662500 0.1349 7.75E--05 1.291 1.41E-02 29.77 92.14 21 .36 0 40 280.5 

446 26.06 3000 31"' 36.871007 1.1435 93.0387 5239.76 5125 0.1 1950 487500 962500 0.1221 2.68E-04 2.108 1. t7E-02 57.55 86.44 0 0 592 414 .5 
447 33.07 3000 2020 384.671653 18.8553 147.0497 3315.21 5125 0.1 1950 487500 1912500 0.0962 1.95E-04 2.024 6.73E-03 33.72 98.7 87 0 103.1 313.7 
448 35.11 3000 4110 12.857262 0.5625 131 .239 3714.6 5125 0.1 1950 487500 1612500 0.0906 5.SSE-04 4 .096 1.25E-02 85.72 61 .11 0 0 55.3 597.8 
449 61 .89 3000 25"' 437.978377 13.2278 90.6061 5380.43 5125 0.1 1050 487500 925000 0.0514 2.00E--04 2.962 8. tOE-03 28.93 ..... 88.58 0 85. 245.3 
450 26.21 3000 1720 261 .760809 15Zl69 174.62n 2791 .65 5125 0.1 1050 487500 2475000 0. 1214 1.26E-04 1.525 8.58E-03 67.37 ..... 80.9 0 80.8 298.3 
451 22.58 3000 4530 13.093697 0 .5336 1222668 3987.18 5125 0.1 1950 487500 1450000 0.141 5.52E--04 2.98 8.9BE-03 37.52 61 .81 0 0 772 m 
452 23.3-4 3000 3960 4 .434821 0.2193 148.3284 3286.63 5125 0.1 1050 487500 1937500 0.1363 6.BOE-04 3.521 1.07E-02 60.91 0 0 0 64.6 773 
453 26.8 3000 1020 864.546348 47.0514 163.2695 2985.86 5125 0.1 1050 487500 2237500 0.1187 8.SSE--05 1.364 4.83E-03 35.46 99.42 94.22 42.17 143.6 260.9 
454 38.61 3000 3230 303.71462 11 .8022 116.5786 4181.73 5125 0.1 1050 487500 1350000 0.0824 2.12E-04 2.3 8.02E-03 66.48 98.35 83.54 0 86.5 305.3 
455 40.68 3000 4520 75.590018 2.9374 116.5786 4181 .73 5125 0.1 1950 487500 1350000 0.0782 4 .41E--04 3.851 9.0JE-03 68.85 93.39 33.85 0 76.7 485.2 
456 32.46 3000 3400 240.034458 9.9507 124.3658 3919.89 5125 0.1 1950 487500 1487500 0.098 2.20E-04 2 .133 8. t2E-03 78.92 97.92 79.17 0 85. 336.8 
457 44.81 3000 1610 434.942036 12.8984 88.9661 5479.61 5125 0.1 1050 487500 900000 0.071 1.85E-04 2.317 7.40E-03 ,a 98.85 88.5 0 93.6 265 
458 21 .73 3000 3170 6.9465n 0 .3878 167.4988 2910.47 5125 0.1 1950 487500 2325000 0.1464 3.48E-04 2 .202 1.29E-02 40.25 28.02 0 0 53.7 519.3 
45 22.81i 3000 5380 45.758934 1.5395 100.929 4830.13 5125 0.1 1050 487500 1067500 0.1384 5.42E-04 2.98 6.66E-03 24.05 89.07 0 0 104 664.4 
460 22.44 3000 3460 34.151891 1.674 147.0497 3315.21 5125 0.1 1050 487500 1912500 0.1418 3.12E--04 2.111 1.09E-02 93.45 85.36 0 0 63.7 482.2 
461 50.74 3000 1280 178.778008 6 .6875 112.2199 4344.15 5125 0.1 1050 487500 1275000 0.0627 1.23E-04 1.994 1.45E-02 34.64 97.2 72.03 0 47.7 201 .4 
462 30.86 3000 1970 60.719498 2 .7784 137.2743 3551 .28 5125 0.1 1950 487500 ,n5000 0.1031 1.81E-04 1.887 1.33E-02 48.48 91 .77 17.65 0 52.1 31 3.3 
463 25.17 3000 1910 72.660948 3.1622 130.5599 3733.92 5125 0.1 1950 487500 1800000 0.1264 1.94E-04 1.777 1.0BE-02 35.56 93.12 31 .19 0 84.5 361 .9 
464 46.44 3000 3410 73.697018 3.0036 122.2668 3987.18 5125 0.1 1050 487500 1450000 0.0685 2.94E-04 3.167 1.11E-02 22.09 93.22 32.15 0 62. 349.5 
465 25.45 3000 1410 97.817719 2.9008 88.9661 5479.61 5125 0.1 1050 487500 900000 0.125 9.91E-05 1.401 1.30E-02 72.52 94.89 48.88 0 53.5 282 
466 41 .48 3000 1180 260.751272 7.0741 81 .3866 5989.78 5125 0.1 1050 487500 787500 0.0767 1.51E-04 ,. ... 1.01E-02 17.62 ..... 80.82 0 68.8 246.6 
467 21 .37 3000 11 20 382.975605 23.6423 186.7666 2610.21 5125 0.1 1950 487500 2737500 0.1489 1.28E--04 1.433 6.06E-03 20.12 98.69 8694 0 114.4 343.7 
488 50.26 3000 2780 336.238321 18.6384 166.2959 2931 .52 5125 0.1 1050 487500 2300000 0.0633 2.33E--04 2.862 7.74E-O 25.75 98.51 85.13 0 89.8 291 .8 
469 53.92 3000 2740 145.928274 9.6299 197.9711 2462.48 5125 0.1 1050 487500 2987500 0 .059 2.57E-04 3.201 1.03E-02 21.47 96.57 65.74 0 67 304.2 
470 35.87 3000 4300 13.286036 0 .5195 117.2971 4156.11 5125 0.1 1950 487500 1362500 0.0887 3.24E-04 2.847 1.60E-02 66.01 62.37 0 0 43.4 406.8 
471 45.06 3000 3650 36.811352 1.8744 152.7612 3191.25 5125 0.1 1950 487500 2025000 0.0706 4 .74E-04 4 .395 1.12E-02 71 .44 86.42 0 0 62 499.9 
472 41 .53 3000 2730 16.958704 0.707 125.0616 3898.08 5125 0.1 1950 487500 1500000 0.0766 2.91E--04 2.92 1.51E-02 18.1 70.52 0 0 45.8 360.3 
473 48.13 3000 4220 112.273445 5.2608 140.5704 3468.01 5125 0.1 1950 487500 1787500 0.0661 4 .93E--04 4 .769 7.29E-03 41 .6 95.55 55.47 0 95.1 507.9 

"' 34.32 3000 "'20 242.040042 7.1778 88.9661 5479.61 5125 0.1 1050 487500 900000 0.0927 2.42E-04 2 .321 7.SOE-03 64.81 97.93 79.34 0 88.0 346.6 
475 21 .54 3000 3030 69.761677 3.6105 155.2656 3139.78 5125 0.1 1950 487500 2075000 0.1477 3 .06E-04 2.046 8 .13E-03 35.13 92.83 26.33 0 85.2 486.8 
476 26.01 3000 1610 44.312891 2.1053 142.5296 3420.34 5125 0.1 1050 487500 182 0.1223 1.28E-04 1.529 1.52E-02 88.6 88.72 0 0 45.6 3012 
477 29.21 3000 6470 7.510632 0.1747 69.767 6987.55 5125 0.1 1950 487500 625000 0.1089 4.64E-04 3.153 1.41E-02 82-33 33.43 0 0 49.1 553.1 
478 25.35 3000 4550 1.822081 0.0818 134.6086 3621 .61 5125 0.1 1950 487500 1675000 0.1255 7.18E-04 3.892 1.14E-02 36.76 0 0 0 61 786.8 .,. 34.73 3000 1670 47.375785 1.7722 112.2199 4344.15 5125 0.1 1050 487500 1275000 0.0916 1.68E-04 1.927 1.SSE-02 38.8 89.45 0 0 44.8 284 .4 
480 47.41 3000 5900 14.346251 0.4215 88.1405 5530.94 5125 0.1 1050 487500 607500 0.0671 4.31E-04 4 .244 1.28E-02 21 . 65.15 0 0 54 3 458.7 
481 23.24 3000 3460 3.11784 0.1271 1222868 3987.18 5125 0.1 1950 487500 1450000 0.1369 3.78E-04 2.397 1.43E-02 30.83 0 0 0 48.6 528.7 
482 23.04 3000 2970 65.226786 3.9487 181 .614 2684.26 5125 0.1 1050 487500 2625000 0.1381 3.19E-04 2 .168 8 .31E-03 28.85 92.33 23.34 0 83.4 482.2 
483 21 .88 3000 2850 356.201077 ..... 83.9523 5806.87 5125 0.1 1050 487500 825000 0.1454 2 .38E-04 1.827 5.16E-03 48.59 98.6 85.96 0 1342 427.9 
484 23.69 3000 1410 8.526736 0.2529 88.9661 5479.61 5125 0.1 1050 487500 900000 0.1343 1.9BE-04 1.744 1.61E-02 17.23 41 .36 0 0 43.1 377.3 
485 24.91 3000 4160 53.522039 2.3776 133.2659 3658.1 5125 0.1 1050 487500 1650000 0.1277 4.nE-04 2 .889 7.26E-03 31 .63 90.66 6.58 0 95.5 594 .4 ... 49.94 3000 2650 308.261068 12.4911 121 .5631 4010.26 5125 0.1 1950 487500 1437500 0.0637 1.93E-04 2 .528 9.21E-03 44.4 98.38 83.78 0 75.3 259.4 
487 54.95 3000 4350 87.761923 3.5768 122.2668 3987.18 5125 0.1 1050 487500 1450000 0.0579 3.95E-04 4 .447 9 .97E-03 55.58 94.3 43.03 0 89.8 414.8 ... .. 1.59 3000 31110 67.937~ 145.1211 .>359.26 5125 0.1 1950 487500 187 0.0765 .55E-04 2 .685 1.24c-0 4u.8 92.64 26.4 0 56 .>30.8 
489 37.65 3000 4240 8.993718 0 .3934 131 .239 3714.6 5125 0.1 1950 487500 1612500 0.0845 6.29E-04 4 .762 1.29E-02 81.01 44.41 0 0 53.8 648.2 
490 37.34 3000 3690 18.36646 0 .8566 139.9143 3484.28 5125 0.1 1050 487500 1775000 0.0852 3.21E-04 2.903 1.46E--02 48.14 72.78 0 0 47.6 398.5 
401 38.1 3000 3720 485.989012 19.2334 118.7276 4106.04 5125 0.1 1950 487500 1387500 0.0635 2.28E-04 2.377 6.0tE-03 66.23 98.97 89.71 0 115.3 319.8 
492 23.09 3000 3700 9.565825 0.479 150.2362 3244.89 5125 0.1 1050 487500 1975000 0.1378 4.67E-04 2.712 1.05E-02 34.33 47.73 0 0 65.7 602.1 
493 26.67 3000 3150 25.937578 1.4378 166.2959 2931 .52 5125 0.1 1850 487500 2300000 0.1193 3.54E--04 2.498 1.17E-02 77.69 80.72 0 0 59.4 480.2 
494 25.39 3000 1400 403.434284 17JXM4 126.4473 3855.36 5125 0.1 1950 487500 1525000 0.1253 9.93E--05 1.401 7.33E-03 60.26 98.76 87.61 0 94.6 282.7 
495 46.17 3000 2490 511 .548031 25.6177 150.2362 3244.89 5125 0.1 1050 487500 1975000 0.0689 2.07E-04 2.522 6.50E-03 32.7 99.02 90.23 2.26 106.7 279.9 
496 24.97 3000 3340 51.227628 1.8911 11 0.7481 4401 .88 5125 0.1 1950 487500 1250000 0.1274 3.23E-04 2.283 9.23E-03 34.77 9024 2 .4 0 75.1 468.6 .., 61 .3 3000 2950 100.246418 3.0003 89.788 5429.46 5125 0.1 1050 487500 012500 0.0519 1.79E-04 2.739 1.69E-02 78.04 95.01 50.12 0 40.9 229 
498 30.71 3000 1490 209.773662 .. ..., 142.5296 3420.34 5125 0.1 1950 487500 1825000 0.1036 1.64E-04 1.8 9.09E-03 2622 97.62 76.16 0 76.2 300.4 
4 .. 83.5 3000 4570 826.20882 33.4788 121 .5631 4010.26 5125 0.1 1950 487500 1437500 0.0501 3.67E-04 4 .698 3.SOE-03 24.57 99.39 93.95 39.48 198.1 3792 
500 52.93 3000 4400 155.520474 2.Til68 53.9497 9036.19 5125 0.1 1050 487500 425000 0.0601 2 .52E--04 3.12 1.0BE-02 58.41 96.78 67.85 0 64 302 
501 36.66 3000 3790 139.9695 14 5.7373 1229684 3964.43 5125 0.1 1050 487500 1462500 0.0863 2 .86E--04 2.678 8 .79E-03 -42.31 96.43 64.28 0 78.9 372.3 
502 34.21 3000 3500 139.768169 7.0289 150.8694 3231 .27 5125 0.1 1050 487500 1987500 0 .093 3.17E--04 2.721 7.87E-03 28.37 96.42 64.23 0 88.1 407.7 
503 25.78 3000 5770 34.752305 1.0684 92.2314 5285.62 5125 0.1 1950 487500 950000 0.1234 6 .61E-04 3.706 7.SSE-03 76.67 85.61 0 0 91.8 1 736.7 
504 22.48 3000 2370 217.75682 10.108 139.2566 3500.73 5125 0.1 1950 487500 1762500 0.1415 1.60E--04 1.573 7.82E-03 86.2 97.7 77.04 0 88.6 ! 358.6 



Simulation Parameter.. and Results: 65% Inventory Case 

Maximum Required Required Required 
Time of Maximum Release Remaining Volume at or First - Sou,ce Source 

Maximum a t Concentralio Rate at 1-0 C.rt>on above Fixed 0•"" Cleanup c1ea..., Cleanup Abiotic C.rtxm 
Fixed Source Compliance n Compliance Complianc Sou,ce Sou,ce Slrnamtub .. ~ Bulk Teltachloride - Rate Longltudinal Percentage Percentage Pen::entage Reaction Tetrachloride 

Realizalio v~7 Concentralio ""';;f"' Bounda,y ollrunda,y ""' Duration e Length Porosity Dom~ Sou,ce Concentratio Porosity "' Constant Dispersivity (5>¢ (50 µgll (S0011gn.. Half Time Travel Time 

" , (,,..IL) (Kg/y) (y) (m) (m3/m~ (KQ/ms) (Kg) n(m3) (ml/ms) (m' JKg) Retardation (1fy) (m) Compliance) Compliance) Compliance) (y) (y ) 
505 37.08 3000 3800 155.2656 3139.78 5125 0.1 1Q50 487500 2075000 0.0858 5.10E-04 4 .008 6.30E-03 58.17 96.44 64.37 0 11 0.1 553.9 
506 24.19 3000 3600 237 126 36 5125 0.1 1950 487500 0.1315 3.75E-04 2.44 5.04 E-03 22.64 97.9 78.95 0 137.5 516.9 
507 24.43 3000 4650 2 115. .74 5125 0.1 1950 487500 0. 1302 5.81E-04 3.256 1.26E-02 53.51 0 0 0 55.1 683 
508 30.98 3000 1630 286.179106 14.692 .26 5125 0.1 1950 487500 0.1027 1.24 E-04 1.611 9.22E-03 61.59 98.25 82.53 0 752 266.6 
509 25.25 3000 2430 333.620871 14.8949 .74 5125 0.1 1950 487500 0. 126 2.07E-04 1.83 6 .13E-03 47.11 98.5 85.01 0 113.1 371 .5 
510 45.32 3000 2130 

II 
5125 0. 1 1950 487500 0.0702 1.48E-04 2.068 7.72E-03 61.26 99.06 90.58 5.83 89.8 233.8 

511 43.82 3000 3730 33 5125 0.1 1950 487500 0.0726 2 .39E-04 2.662 6 .20E-03 65.42 98.97 89.74 0 111 .8 311 .4 
512 23.48 3000 2190 9 3286.63 5125 0.1 1950 487500 0. 1355 1.96E-04 1.73 1.52E-02 65.29 71 .38 0 0 45.7 377.5 
513 30.27 3000 2670 5903 3793.42 5125 0. 1 1950 487500 0.1051 1.99E-04 1.957 9.13E-03 64.31 97.18 71 .78 0 75.9 331 .3 
514 28.2 3000 2020 39 134.6086 3621 .61 5125 0.1 1950 487500 0.1128 1.65E-04 1.74 7.20E-03 52.28 98.51 85.09 0 96.2 316.1 
515 36.4 3000 4880 8 107.0251 4555.01 5125 0.1 1950 487500 0.0874 4 .22E-04 3.441 1.47E-02 32.68 11 .62 0 0 47,1 484 .5 
516 21 .27 3000 3370 5 155.8885 3127.24 5125 0.1 1950 487500 0. 1496 4.16E-04 2.406 1.42E-02 74.9 0 0 0 48.8 579.9 
517 22.55 3000 3940 66 139.2566 3500.73 5125 0.1 1950 487500 0.1411 4.23E-04 2.517 :I 24.15 97.78 77.85 0 148.7 572 
518 32.23 3000 4430 1 120.1495 4057.44 5125 0.1 1950 487500 0.0987 4.37E-04 3.237 57.52 97.31 73.12 0 116.5 514.7 
51g 22.92 3000 2250 :.:::1 .199658 1.3077 185.057 2634.32 5125 0.1 1950 487500 2700000 0.1388 2.24 E-04 1.816 ,. 43.63 76.41 0 0 52.8 406.1 
520 57.22 3000 5330 51 .547022 1.6671 97.024 5024.53 5125 0. 1 1950 487500 1025000 0.0566 4 .42E-04 5.019 ,. 74.79 90.3 3 0 59.1 449.5 
521 26.14 3000 2240 462.687238 20.031 1 129.879 3753.49 5125 0.1 1950 487500 1587500 0.1217 2 .01E-04 1.634 5. 41.83 98.92 89.19 0 129.7 359.6 
522 23.02 3000 2140 58.987234 1.9693 100.1541 4867.5 5125 0.1 1950 487500 

I 
1.91E-04 1.7 ,. 53.74 91 .52 15.24 0 62.4 378.5 

523 32.17 3000 4420 1.035428 0.042 121.5631 4010.26 5125 0.1 1950 487500 9 5.47E-04 3.7~ 1.12e-0; 51.28 0 0 0 40.3 604.4 
524 26.1 3000 3000 9.98425 0.4656 139.9143 3484.28 5125 0. 1 1950 487500 9 2 .60E-04 2.078 1.63E-02 71 .31 49.92 0 0 42.6 408.1 
525 34.39 3000 2780 82.723005 5 .1969 2586.64 5125 0.1 1950 487500 5 2 .63E-04 2.438 1.07E-02 48.24 93.96 39.56 0 64.8 363.4 
526 33.24 3000 2040 446.10414 19.4144 3733.92 5125 0.1 1950 487500 7 

I 
2.274 5.52E-03 17.92 98.88 88.79 0 125.6 350.6 

527 22.22 3000 6090 8.182307 0.2267 5866.28 5125 0.1 1950 487500 2 2.848 1.13E-02 78.8 38.89 0 0 61.3 657 
528 24.87 3000 3850 67.544595 3.1649 3468.01 5125 0.1 1950 487500 9 2.669 7.45E-03 40.21 92.6 25.97 0 93.1 549.9 
529 25.57 3000 1630 106.063276 2.878 5989.78 5125 0.1 1950 487500 44 1.643 1.06E-02 40.5 9529 52.87 0 65.5 329.3 
530 34.73 3000 4300 100.496141 4.1427 5125 0.1 ,.so 487500 6 3.169 7.78E-03 33.81 95.02 50.25 0 89.1 -467.6 
531 24.7 3000 3410 19.65531 0.6814 5125 0.1 1950 487500 8 2.474 1.03E-02 22.04 74.56 0 0 67.2 513.3 
532 51.39 3000 6870 326.933699 8.1018 5125 0.1 1950 487500 • 4.404 5.61E-03 58.32 98.47 84.71 0 123.6 439.1 
533 39.42 3000 3250 68.07079 2.111 1 5125 0.1 ,.so 487500 962500 0.0807 2.88E-04 2.904 1.10E-02 28.58 92.65 26.55 0 63 364 .5 
534 37.92 3000 5630 264.978879 7.9306 5125 0.1 1950 487500 912500 0.0839 3.49E-04 3.103 6.24E-03 53.15 98.11 81 .13 0 111 .1 419.4 
535 3125 3000 4710 84.454841 3.0969 5125 0.1 1950 487500 1237500 0.1018 4.48E-04 3.223 8.00E-03 81 .85 ~ .08 40.8 0 86.7 528.6 
536 31.59 3000 1560 187.151852 10.2233 2974.79 5125 0.1 1950 487500 2250000 0.1007 2.08E-04 2.044 8.51 E-03 15.12 97.33 73.28 0 81.5 331.6 
537 59.8 3000 3180 670.973986 37.8642 2879.59 5125 0. 1 1950 487500 2362500 0.0532 2.84E-04 3.7 4.98E-03 50.93 99.25 92.55 25.48 139.1 317.1 
538 53.56 3000 5600 36.510149 1.2471 4757.49 5125 0.1 1950 487500 1112500 0.0594 6.69E-04 6 .697 9.44E-03 64.69 86.31 0 0 73.4 640.8 
539 39.72 3000 5910 45.220226 1.378 5332.5 5125 0.1 1950 487500 

I 
0.0801 5.70E-04 4.6 8.37E-03 48.92 88.94 0 0 82.8 593.5 

540 39.72 3000 3430 131 .766578 6.2029 141 .2249 345UM 5125 0.1 1950 487500 0.0801 3.27E-04 3.062 8.18E-03 18.57 96.21 62.05 0 84 .7 395.1 
541 23.43 3000 1630 193.616485 7.2898 112.9522 4315.99 5125 0. 1 1950 487500 0.1358 1.12E-04 1.416 9.33E-03 72.01 97.42 74.18 0 74.3 309.7 
542 35.59 3000 1370 367.646802 20.4532 166.8979 2920.95 5125 0.1 1950 487500 0.0894 1.20E-04 1.677 8.96E-03 45.27 98.64 86.4 0 77.3 241 .5 
543 24.36 3000 1480 153.434897 8.75 171 .0818 2849.51 5125 0.1 ,.so 487500 0.1306 1.75E-04 1.678 8.61E-03 23.16 96.74 67.41 0 80.5 353.1 
544 34.84 3000 4200 85.111743 3.2252 11 3.6821 4288.27 51 25 0.1 1950 487500 0.0913 3.80E-04 3.102 8.16E-03 20.6 1 94.13 41.25 0 85 4562 
545 26.34 3000 3720 5.474484 0 .2695 147.6897 3300.84 5125 0.1 1950 487500 0.1208 4 .27E-04 2 .785 1.27E-02 25.38 8.67 0 0 54.8 541 .9 
546 63.25 3000 4190 31 .62726 1.65 156.5102 3114.81 5125 0.1 1950 487500 2100000 0.0503 6.76E-04 7.791 1.07E-02 71.86 84.19 0 0 65.1 631 .3 
547 45.13 3000 4380 86.236208 3.3096 115.1349 5125 0.1 1950 487500 1325000 0.0705 3.15E-04 3.257 1.t SE-02 88.3 Q4.2 42.02 0 60.2 369.9 
548 22.11 3000 2130 69.1 18074 2.9292 127. 5125 0.1 1950 487500 1537500 Is 1.747 1.01 E-02 43.03 92.77 27.66 0 685 393.2 
549 24.53 3000 6600 96.329297 2.3581 5125 0.1 1950 487500 675000 3.012 5.82E-03 32.12 94.81 48.09 0 119.1 629.2 
550 26.25 3000 2420 25.8292951 0.915 5125 0.1 1Q50 487500 1175000 2 .009 1.30E-02 40.72 80.64 0 0 53.1 392.2 
551 2292 3000 1260 33 5125 0.1 1950 487500 1150000 1.418 9.61E-03 36.4 1 96.79 67.86 0 n, 317.1 
552 28.61 3000 4110 65 174.0393 5125 0.1 1950 487500 2462500 0.1112 7.23E-04 4 .288 7.32E-03 40.12 78.75 0 0 94.7 768.2 
553 25.27 3000 1340 8 157.1306 5125 0 .1 1950 487500 21 12500 0.1259 1.53E-04 1.615 1.54E-02 27.96 79.25 0 0 45.1 327.5 
554 58.59 3000 3970 3 5125 0 .1 1950 487500 1462500 0.0543 2.09E-04 2.941 7.41E-03 61 .01 99 89.98 0 93.5 257.2 
555 26.6 3000 3630 68.823972 1.8274 5125 0.1 1950 487500 762500 0.1 196 2.70E-04 2.142 1.02E-02 73.92 92.74 27.35 0 67.9 412 .7 

556 2242 3000 4040 377.848115 16.4439 5125 0. 1 1950 487500 1600000 0.1419 3.81E-04 2 .356 4.02E-03 48.28 99.68 86.77 0 172.3 538.6 
557 45.77 3000 1690 78.503651 2.9366 5125 0.1 1950 487500 1275000 0.0695 1.70E-04 2.237 1.52E-02 29.49 93.63 36.31 0 45.5 250.5 
558 25.15 3000 3390 8 3795911 0 2819 

5125 0.1 1950 487500 1087500 0.1265 3.89E-04 2.556 1.20E-02 20.67 40.33 0 0 57.9 520.8 
559 26.38 3000 2170 98 5125 0.1 1950 487500 1075000 0.1206 1.88E-04 1.787 1.37E-02 60.23 87.06 0 0 50.7 347.2 
560 30.92 3000 "'° , 5125 0.1 1950 48'500 0.1029 1.18E-04 1.58 1.SOE-02 73.24 87.76 0 D 38.5 261.9 
561 36.82 3000 1310 22 5125 0.1 1950 487500 0.0864 1.SOE-04 1.936 1.40E--02 21 93.55 35.46 0 49.6 269.5 
562 38.05 3000 4980 9 5125 0.1 1950 487500 0.0836 7.02E-04 5.247 7.59E-03 97.42 92.01 20.06 0 91 .4 706.7 
563 27.88 3000 3790 6 5125 0 .1 1950 487500 0.1141 6.04E-04 3.675 1.32E-02 13.81 0 0 0 52.4 675.6 

564 27.86 3000 2190 29.610217 0.87 5530.94 5125 0.1 1950 487500 0.1142 2.19E-04 1.971 1.37E-02 40.31 83.11 0 0 508 362.7 
565 32.53 3000 -4110 630.397173 21.2085 4830.13 5125 0.1 1950 487500 0.0978 2.66E-04 2.377 -4 .34E-03 57.03 99.21 92.07 20.68 159.8 374.5 
566 27.1 3000 4640 222.612013 7.7172 4687.53 5125 0.1 1950 487500 0.1174 4.20E-04 2.808 5.07E-03 24.23 97.75 77.54 0 136.8 531 
567 22.45 3000 2420 18.049683 0.7649 4 3834.44 5125 0.1 1950 487500 0.1417 2.22E-04 1.792 1.38E-02 56.93 72.3 0 0 50.3 409.2 



Simulation Parameters end Resulls: 65% Inventory Case 

Maximum Required Required """"""' Timeof Maximum Release Remaining Volume et or First Sou,ce - Sou,ce 

Maximum at Concentratio Rate at 1-0 Camon above Fixed o ... , Cleanup Cleanup Cleanup AbioUc Cart>Oo 
Fixed Source Compff""8 n Compliance Compliaoc Sou= Sou= Streamtub .... Bulk Telrachloride ~ Rale Loogiludinel Percentage Percentage Percentage Reaction Tetrachlaide 

Reallzalio Velocity Concentralio Bounda<y Bouodacy e Boundary Rale Duration e Length Porosity Den, ~ Sou= Concentralio Porosily Kd Constant Dispersivity (5119/1.. (50 11g/L (500 µg/L HalfTlme Travel Time 

" lnw) n Imo/I.. ) <•) '"oil \ (Kalv) (Ko/Y) M (m) Cm' lm'} (Kohn') (Ko) n (m3) (m'1m') (m' fKg) Retardation (1fy) (m) Compliance) Compliance ComDliancel M M 
568 22.9 3000 4550 73.656 174 2.7911 113.6821 4288.27 5125 0.1 1950 487500 1300000 0.1389 4.00E-04 2.455 7.34E-03 49.53 93.2 1 32.12 0 94.4 549 .3 
569 48.72 3000 108() 250.034033 10.6536 127.8255 3813.79 5125 0.1 1950 487500 1550000 0.0653 1.07E-04 1.829 1.33E-02 35.74 .. 90 0 52 192 .4 
570 23.15 3000 5270 107.043416 3.49 97.811 2 4984.09 5125 0.1 1950 487500 1037500 0. 1374 4.71E-04 2.734 6 .20E-03 70.98 95.33 53.29 0 111 .7 605.2 
571 37.78 3000 740 1041 .2663 45.5516 131 .239 3714.6 5125 0.1 1950 487500 1612500 0.0842 8.53E-05 1.512 5.19E-03 20.78 99.52 95.2 51 .98 133.5 205.1 
572 49.32 3000 4190 225.77042 9.2542 122.9684 3964.43 5125 0 .1 1950 487500 1462500 0.0645 3.08E-04 3.41 3 7.63E-03 26.69 97.79 n.85 0 90.8 354.6 
573 23.27 3000 2520 192.268059 5.6489 88.1405 5530.94 5125 0 .1 1950 487500 887500 0.1367 2.05E-04 1.757 7.49E-03 58.25 97.4 73.99 0 92.5 387 
574 35.31 3000 4460 92.810878 4 .2468 137.2 743 3551 .28 5125 0.1 1950 487500 1725000 0.0901 5.88E-04 4 .302 6.23E-03 40.9 94.6 1 46.13 0 111.3 624.4 
575 47.84 3000 810 998.058968 47.6339 143.1797 3404.81 5125 0.1 1950 487500 1837500 0.0665 4.52E-05 1.344 7.82E-03 79.28 99.5 94.99 49.9 88 6 143.9 
576 35.31 3000 1510 153.618982 4 .1676 81 .3886 5989.78 5125 0.1 1950 487500 787500 0.0901 1.79E-04 2 .005 1.0SE-02 21.22 96.75 67.45 0 66.2 291 
577 32.07 3000 11 30 191.93499 7.8224 122.2668 3987. 18 5125 0.1 1950 487500 1450000 0.0992 1.32E-04 1.673 1.05E-02 23.31 97.39 73.95 0 66 267.3 
578 22.8 1 3000 4520 12.506029 0 .483 115.8579 4207.74 5125 0.1 1950 487500 1337500 0.1395 4 .53E-04 2.64 1.04E-02 44.71 60.02 0 0 66.6 593.2 
579 46.31 3000 4290 156.706224 4 .6041 88.1405 5530.94 5125 0.1 1950 487500 887500 0.0687 2.75E-04 3.026 9.51E-03 4 5.15 96.81 68.09 0 72.9 334 .9 
590 35.95 3000 4670 21 .884337 0 .9672 132.592 3676.69 5125 0.1 1950 487500 1637500 0 .0885 6 .51E-04 4.719 8.65E-03 40.35 77. 15 0 0 60.1 672.7 
581 42.08 3000 4520 154.93677 6.8826 133.2659 3658.1 5125 0.1 1950 487500 1650000 0.0756 6.20E-04 5.148 5.72E-03 72.46 96.77 67.73 0 121 .1 627 
582 21.22 3000 2680 16.390466 0.8551 156.5102 3114.81 5125 0.1 1950 487500 21 00000 0.1499 3.74E-04 2.261 9.84E-03 13.52 69.49 0 0 70.5 546 
583 56.81 3000 4510 101 .231914 4.7434 140.5704 3468.01 5125 0.1 1950 487500 1787500 0.056 5.29E-04 5.772 7.38E-03 35.61 95.06 50.61 0 93.9 520.7 
584 49.25 3000 3290 471.9n312 24.3288 154.6414 3152.45 5125 0.1 1950 487500 2062500 0 .0646 2.30E-04 2.802 6 .74E-03 62.11 98.94 89.41 0 102.8 29 1.6 
585 37.74 3000 1380 4 7.8 10466 2.2922 143.8283 3389.46 5125 0.1 1950 487500 1850000 0 .0643 1.24E-04 1.744 1.88E-02 54.7 89.54 0 0 368 236.8 
586 39.62 3000 4700 48.171804 1.7664 110.0086 443 1.4 7 5125 0. 1 1950 487500 1237500 0 .0803 3.94E-04 3.478 1.06E-02 56.24 89.62 0 0 65.2 449.9 
587 27.74 3000 3740 721.098281 32.3554 134.6086 3621.61 5125 0.1 1950 487500 1675000 0.1147 2.36E-04 2.039 3.95E-03 76.8 99.31 93.0 7 30.66 175.6 376.8 
588 38.66 3000 1510 654.990019 26.0773 119.4396 408 1.56 5125 0.1 1950 487500 1400000 0.0823 1.11 E-04 1.68 1 7.0JE-03 59.99 99.24 92.37 23.66 98.6 222.9 
589 32.86 3000 4440 642.543332 24.6597 11 5.1349 4234.16 5125 0.1 1950 487500 1325000 0.0968 3.24E-04 2.69 3.88E-03 69.65 99.22 92.22 22.18 178.7 41 9.6 
590 48.28 3000 1340 160.685573 5.1968 97.024 5024.53 51 25 0.1 1950 487500 1025000 0.0659 1.31E-04 2.004 1.43E-02 33.89 96.89 68.88 0 48.5 212.7 
591 31.97 3000 3060 224.11543 9.2908 124.3658 3919.89 5125 0.1 1950 487500 1487500 0.0995 2 .31E-04 2.178 7.90E-03 56.74 97.77 77.69 0 87.7 348.7 
592 34.47 3000 1340 8 12.57999 22.0449 8 1.3886 5989.78 5125 0.1 1950 487500 787500 0.0923 1.06E-04 1.581 5.67E-03 51.95 99.38 93.85 38.4 7 122.2 235.1 
593 26.98 3000 3270 40.693882 2.0465 150.8694 3231.27 5125 0 1 1950 487500 1987500 0.11 79 3.0SE-04 2.307 1.05E-02 37.35 87.71 0 0 65.9 438.2 
594 25.05 3000 4720 3.585836 0 .1315 110.0086 4431 .4 7 5125 0.1 1950 487500 1237500 0 .127 5.20E-04 3.07 1.37E-02 70.07 0 0 0 50.4 628.1 
595 23.9 3000 1450 722.53194 20.0146 83.1021 5866.28 5125 0.1 1950 487500 81 2500 0.1331 1.57E-04 1.597 4.21E-03 25.76 99.31 93.08 30.8 164.8 342.4 
596 50.42 3000 4950 693.578 183 25.6042 11 0 .7481 440 1.88 5125 0.1 1950 487500 1250000 0.0631 4.19E-04 4 .357 3.46E-03 37.39 99.28 92.79 27.91 200 3 442 .9 
597 52. 15 3000 2570 1122.769622 50.1272 133.9381 3639.74 5125 0.1 1950 487500 1662500 0 .061 1.66E-04 2.372 4.32E-03 53.26 99.55 95.55 55.47 160.5 233.1 
598 27.01 3000 4060 2.426547 0 .1045 129.1963 3773.33 5125 0.1 1950 487500 1575000 0. 1178 4.90E-04 3.103 1.56E-02 67.99 0 0 0 44.3 5888 
599 40.02 3000 2380 433.233343 14 .9084 103.2361 4722.19 51 25 0.1 1950 487500 1125000 0.0795 1.49E-04 1.947 8.25E-03 85.12 98.85 88.46 0 84 249.3 
600 42.3 3000 5320 253.201993 8.4531 100.1541 4867.5 5125 0.1 1950 487500 1075000 0.0752 4 .26E-04 3.863 5.57E-03 29.4 98.03 9025 0 124.4 468 
601 34 .69 3000 4930 51 .638773 2.0681 120.1495 4057.44 5125 0.1 1950 487500 1412500 0 .091 7 6 .36E-04 4 506 7.11 E-03 46.46 90.32 3.17 0 97.4 665.6 
602 44.43 3000 4250 165.2 77201 6.8899 125.0616 3898.08 5125 0.1 1950 487500 1500000 0 .0716 3.69E-04 3.602 7.52E-03 38.04 96.97 69.75 0 92.2 4 15.5 
603 38.24 3000 6950 106.608687 2 .7371 77.0232 6329.26 5125 0.1 1950 487500 725000 0 .0832 5.69E-04 4 .456 6 .17E-03 35.68 95.31 53.1 0 112.4 597.2 
604 34.5 3000 1400 92.619999 3.3042 107.0251 4555.01 5125 0.1 1950 487500 118 7500 0.0922 1.27E-04 1.695 1.46E-02 46.62 94.6 46.02 0 47.6 251.8 
605 48.35 3000 1190 11 85.801 52 59.6337 150.8694 3231.27 5125 0.1 1950 487500 1987500 0.0658 9 .58E-05 1.736 5.12E-03 46.18 99.58 95.78 57.83 135.4 184 
606 39.03 3000 1190 71 .956703 3.1152 129.879 3753.49 5125 0.1 1950 487500 1587500 0.0815 t .38E-04 1.654 1.59E-02 25.11 93.05 30.51 0 43.7 243 .4 
607 51.15 3000 570 1791.854662 93.4812 156.5102 3 11 4.81 5125 0 1 1950 487500 21 00000 0.0622 4.SOE-05 1.365 3.79E-03 40.58 99.72 97.21 72.1 183 136.8 
608 40.63 3000 4320 64.071077 2.4898 118.5786 4181 .73 5125 0 .1 1950 487500 1350000 0.0783 2 .96E-04 2.909 1.21E-02 70.71 92.2 21.96 0 57.3 367 
609 24.53 3000 1050 249.426548 7.1899 86.4774 5637.3 1 5125 0 .1 1950 487500 662500 0.1297 6.78E-05 1.264 9.73E-03 54 .57 .. 79.95 0 71 .2 264.2 
610 27.64 3000 1570 53.905155 2 .0427 113.6821 4288.27 5125 0 .1 1950 487500 1300000 0.11 51 1.74E-04 1.763 1.28E-02 31 90.72 7.24 0 54.1 326.9 
611 56.11 3000 4290 822.932146 31.5827 11 5.1349 4234.16 5125 0.1 1950 487500 1325000 0.0567 1.89E-04 2 .685 5.61E-03 93.99 99.39 93.92 39.24 123.5 245.2 
612 36.48 3000 3510 316.564 716 17.8643 169.2951 2879.59 5125 0.1 1950 487500 2362500 0.0872 4 .32E-04 3 .504 4 .79E-03 32.02 98.42 84.21 0 144.6 4 92.2 
613 36.28 3000 4720 2.159754 0.0959 133.2659 3658.1 5125 0.1 1950 487500 1650000 0.0877 6 .68E-04 4 .85 1.27E-02 29.48 0 0 0 54.6 685.2 .,. 32.7 3000 44 ,0 28.443272 1.4896 157.1306 3102.51 5125 o, 1950 487500 2112500 0.0973 7.21E-04 4.748 7.36E-03 41 .51 82.42 0 0 942 744 2 
815 54.1 3000 750 1657. 122258 70.6075 127.8255 3813.79 5125 0.1 1950 487500 1550000 0 .0588 6 .07E-05 1.522 4 .15E-03 45.52 99.7 96.98 69.83 167 144 .2 
616 28.74 3000 1600 316.580802 12.378 117.2971 4 156.11 5125 0.1 1950 487500 1362500 0.1107 1.17E-04 1.538 8.56E-03 63.6 7 98.42 84.21 0 8 1 274 
617 26.27 3000 900 210 .239318 7.3947 105.5176 4620.08 5125 0. 1 1950 487500 1162500 0.1211 9 .42E-05 1.393 9.95E-03 23.87 97.62 76 .22 0 69.7 271.8 
618 58.05 3000 1190 570.61 1644 21.4839 112.9522 431 5.99 5125 0.1 1950 487500 1287500 0.0548 9.SOE-05 1.904 t .02E-02 45.35 99.12 91 .24 12.37 68.3 168.1 
619 27.4 7 3000 7170 11.863459 0 .2868 72.5304 6721.32 5125 0. 1 1950 487500 662500 0.1158 5 .84E-04 3.547 9 .42E-03 32.94 57.85 0 0 73.6 66 1.7 
620 25.91 3000 3300 21.618584 1.1809 163.877 2974.79 5125 0. 1 1950 487500 2250000 0.1228 3 .65E-04 2.503 1.08E-02 34.07 76.87 0 0 64.3 495.1 
621 28.69 3000 1890 143.98224 1 5.2441 109.2665 4461 .57 5125 0.1 1950 487500 1225000 0.1109 1.96E-04 1.894 9.29E-03 31.13 96.53 65.27 0 74.6 338.3 
622 59.58 3000 5320 21 .4 19321 0 .7316 102.4699 4 757.49 5125 0.1 1950 487500 1112500 0.0534 4 .77E-04 5.511 1.26E-02 38.46 76.66 0 0 55.2 474.1 
623 51.31 3000 630 1693.895738 92.5302 163.877 2974.79 5125 0.1 1950 487500 2250000 0.062 4 .74E-05 1.386 4.16E-03 46 .56 99.7 97.05 70.48 166.7 138.5 
624 23.07 3000 1590 567.197139 34 .0092 179.8802 2710. 14 5125 0.1 1950 487500 2587500 0.1379 1.18E-04 1.433 5.36E-03 54.16 99.12 91 .18 11 .85 129.3 3 18.4 
625 28.4 3000 2970 326.112076 18 .9188 174.0393 2801.09 5125 0. 1 1950 487500 2462500 0.11 2 2.52E-04 2 .138 6.04E-03 54 .3 98.47 84.67 0 114 .7 385.8 
626 25.21 3000 1030 605.150413 21 .74 10 7.7748 4523.32 5125 0.1 1950 487500 1200000 0. 1262 8.79E-05 1.352 5.91E-03 34.29 99.17 9 1.74 17. 38 117.3 274.9 
627 33.66 3000 2900 188.4 74618 8.2024 130.5599 3733.92 5125 0.1 1950 487500 1600000 0 .0945 2.60E-04 2.392 7.93E-03 33.5 97.35 73.47 0 87.4 384.2 
628 47.13 3000 2730 217.6 77052 8.5629 118.0 135 41 30.88 5125 0. 1 1950 487500 1375000 0.0675 2.43E-04 2.81 7 8.87E-03 24.98 97.7 77.03 0 78.1 306.3 
629 48.94 3000 1370 868.230408 63.0652 217.9093 2237.17 5125 0.1 1950 487500 3450000 0 .065 1.31E-04 2.016 5.97E-03 32.09 99.42 94.24 42.41 11 6.2 211 .1 
630 46.51 3000 4230 8.53803 0.44 19 155.2656 3139.78 5125 0. 1 1950 487500 2075000 0.0684 5.84E-04 5.317 1.18E-02 29.55 4 1.44 0 0 58.7 585.9 



Sirrw.Jlalion Paramet&B and Results: 65% lnY'ltfltory C.ae 

""""""' Roquln,d Required Required 
Release Remaining Volooieator .....,. 

"°""'' 5ou<eo 
1-D Caroon Cleanup Clos..., Cleanup Ablolic earoon .... . ... Peroeotage Percentage Percentage Reaclion Telt8chloride 

ReaNzatlo Porosity Densty (5µ;,1. (SOµg/l (500 µgll HalfTtme Travel Time 
n m m'fm' K m' Com iana, Com iance Com -631 5125 0.1 1950 Q1.37 13.67 0 5Q.8 387.8 

632 5125 0.1 1950 3.91E-04 0 0 0 38.2 438.1 
633 5125 0.1 1950 2.49E-04 95.17 51.67 0 70.1 349. .,. 29.16 5125 0.1 1950 1.53E-04 .... 65.99 0 67.7 299JI 
635 25.37 5125 0.1 1950 7.36E-04 89.15 0 0 106.3 801 .5 
636 3'.58 5125 0.1 1950 5.01E-04 95.75 57.54 0 112.5 1 5 
637 53.11 5125 0.1 1950 3.09E-04 94.52 45.15 0 57.7 347.8 
638 60.03 5125 0.1 1950 2.00E-04 98.57 85.71 0 75.-4 248.5 
639 2a.76 5125 0.1 1950 5.54E-04 3.618 842" 0 0 77.8 623 
6'0 43.17 5125 0.1 1950 2.48E-04 2.7 99.49 94.88 48.76 189.1 320.6 
6'1 42.0 3000 5125 0.1 1950 4 .01E-04 3.679 76.89 0 0 55 448.6 
642 21.39 3000 5125 0.1 1950 7.49E-05 1.255 92.96 29.59 0 52.6 3006 
6'3 32.8 3000 5125 0.1 1950 1.08E-04 1.564 98.61 86.13 0 78.6 244 4 
644 26.21 3000 5125 0.1 1950 1.39E-04 1.58 84.04 0 0 44 309 
845 31.07 3000 5125 0.1 1950 9 .15E-05 1.452 99.23 92.25 22.53 105.5 39.5 
6'6 43.05 3000 5125 0.1 1950 487500 2 .17E-04 2 .484 98.31 83.15 0 84 295.8 .. , 35.51 3000 5125 0.1 1950 487500 5.62E-04 4.17 96.26 62.58 0 115.2 602 
648 22.95 3000 5125 0.1 1950 487500 5.60E-04 3.043 0 0 0 54 679.4 ... 21.25 3000 5125 0.1 1950 487500 3.0JE-04 2.023 96.22 62.22 0 ... , 487.8 
650 21 .58 3000 5125 0.1 1950 487500 4 .02E-04 2.38 55.6 0 0 63.1 565.1 
651 28.18 3000 5125 0.1 1950 487500 1.74E-04 1.781 97.98 79.77 0 86.6 323.9 
652 54.76 3000 5125 0.1 1950 487500 1.69E-04 2.467 99.47 94.75 47.5 137.4 230.9 
653 36.91 3000 5125 0.1 1950 487500 6.99E-05 1.41 99.53 95.28 52.82 126.9 195.8 
654 52.07 3000 5125 0.1 1950 487500 9.64E-05 1.798 99.55 95.4 7 54.69 120.7 177 
655 42.59 3000 5125 0.1 1950 487500 2.29E-04 2.548 98.8 88.03 0 99.1 306.6 
656 29.11 3000 5125 0.1 1950 487500 2.88E-04 2.33 79.23 0 0 55.6 410.3 
657 38.8 3000 5125 0.1 1950 487500 8.2SE-05 1.509 99.16 91.6 15.96 ... 199.3 
656 22.72 3000 5125 0.1 1950 487500 6.81E-04 3 .459 0 0 0 45.4 780.1 
659 34.02 3000 5125 0. 1 1950 -487500 3.32E-04 2 .795 91 .87 18.68 0 62.8 421 
660 25.66 3000 5125 0.1 1950 487500 5.SSE-04 3.264 82.39 0 0 634 652 
661 22.76 3000 5125 0.1 1950 487500 4 .06E-04 2 .468 96.52 65.24 0 117.-4 555.7 
662 46.85 3000 5125 0.1 1950 487500 4 .75E-04 4.534 0 0 0 -41.6 496 
663 30.« 3000 5125 0.1 1950 487500 0.1045 2.17E-04 2.048 97.49 74.94 0 85.9 344.7 ... 41 ,1 3000 5125 0.1 1950 487500 o.On4 2.02E-04 2.319 92.7 ,._ .. 0 " 2892 

.5 3000 5125 0.1 1950 487500 0.1043 2.44E-04 2.18 75.59 0 0 46.1 '664 
666 22.72 3000 5125 0.1 1950 487500 0.14 4 .31 E-04 2.556 93.38 33.n 0 102.5 5766 
667 24.34 3000 5125 0.1 1950 487500 0.1307 6 .99E-04 3.703 0 0 0 61 .6 1 .1 
666 60.6 3000 5125 0.1 1950 487500 0.0525 1.53E-04 2.473 99.44 94.45 44.46 116 209.1 
669 36.15 3000 5125 0.1 1950 487500 0.088 5.64 E-04 4236 95.66 56.62 0 1144 600.8 
670 48.42 3000 5125 0.1 1950 487500 0.0657 5.40E-04 5.156 96.78 67.77 0 11 6.7 545.7 
671 22.37 3000 5125 0.1 1950 7500 0.1422 3. IIE-04 2.105 9422 42.19 0 89.3 482.3 
672 30.89 3000 5125 0.1 1950 487500 0.103 4.15E-04 3.038 87.9 0 0 77.6 504 .1 
673 39.28 3000 5125 0.1 1950 487500 0.081 6.51E-05 1.406 98.16 81 .59 0 50.9 183.5 
67• 21 .-45 3000 5125 0.1 1950 487500 0.1483 1.0SE-04 1.357 97.26 72.63 0 79 324.2 
675 22.05 3000 5125 0.1 1950 487500 0.1443 1.52E-04 1.532 85.88 0 0 52.5 356 
676 53.-47 3000 5125 0.1 1950 487500 0.0595 1.49E-04 2.264 98.27 82.75 0 58.9 217 
677 23.37 3000 5125 0.1 1950 487500 0.1361 5.13E-04 2 .905 0 0 0 43.3 636.6 
678 44.25 3000 5125 0.1 1950 487500 0.07 19 1.71E-04 2. 199 99.1-4 91.42 14.24 105.7 254 .7 
679 39.13 3000 5125 0 .1 1950 487500 0.08 13 5.45E-04 4 .386 9.56 0 0 52.7 574 .4 
660 51 .8 1 3000 5125 0.1 1950 487500 0.0614 2.98E-04 3.452 67.03 0 0 39.2 341 .4 
661 25.64 3000 5125 0.1 1950 487500 0.1241 3.18E-04 2 .297 98.33 83.27 0 12 .9 45 . 
662 28.28 3000 5125 0.1 1950 487500 0.11 25 2.57E-04 2 .157 51 .96 0 0 43.9 390.8 
663 26.91 3000 5125 0.1 1950 487500 0.1182 3.62E-04 2.546 0 0 0 45.9 484 .9 
664 51.9 3000 5125 0.1 1950 487500 0.06 13 3.83E-04 4.155 96.36 63.79 0 63 410. 

3000 5125 0.1 1950 487500 • 0.0552 1.06E-04 1.973 99.22 92.19 21 .87 75.7 175.4 
3000 5125 o., ••so ... 0.1231 7.69E-04 4.158 1 .95 75.53 0 0 , .. 8248 
3000 5125 0.1 1950 487500 0.0632 2.34E-05 1.187 50.66 98.91 89.11 0 43.7 120.9 
3000 5125 0.1 1950 487500 0 .077 3.18E-04 3.087 72.89 97.3 73.02 65 383 
3000 5125 0.1 1950 487500 0.0606 1.66E-04 2.042 35.31 95.98 59.82 55.3 2651 

690 3000 5125 0.1 1950 487500 0.11 63 4 .83E-04 3.098 81 .26 93.9 39.01 0 95 580.4 
691 3000 5125 0.1 1950 487500 0.0513 1.29E-04 2.273 76.88 99.17 91 .71 17.08 11 187.9 
692 3000 5125 0.1 ••so 487500 0.1242 9 .52E-05 1.387 50.62 98.54 65.'4 0 66.2 2n.6 
693 3000 5125 0.1 1950 487500 0.1175 1.59E-04 1.683 33.18 95.61 56.15 0 65.2 318.5 



Si!T'Ualion P&n!lmeter. and Results: 65% l"ven'°'Y case 

1-.. -1 
I I .I 

Required Required Requirad 

Maximum Release Remairing Volume al or Fl"" Scu,ce Scu,ce -1-D ca-. aboYe Fixed """" Clearup Clearup Cleanup AbioCic c.ton 
Source Streamtub Base ""' Telrachloride Scu,ce Ra~ Longitudirlal ."""' .... ."""' .... Pete80tage Reaction T elr&chloride 

Pornol1y Dens~ Souroo Concentralio Porosity l(d Constant Oispersivity (5µg/l (50 µgll (500 µg/l Half Tme Tra\181 Tlm8 
m' 1m>-i tKc1m' 1 /Ka) nlm31 lms1m11 (m'n<a) Retardation """ /ml Comoliancel Compliance) Comoliancel /vi M 

0.1 1950 487500 1562500 0 .111 2 .16E-04 1.964 t.76E-02 472 52.37 0 0 39.4 35<.8 
0.1 1950 487500 912500 0.0657 5.66E-04 5.355 4 .12E-03 22.27 98.47 84.69 0 168.5 566.7 
0.1 1950 487500 1287500 0.0866 3.56E-04 3.08 8.68E-03 48.33 95.03 50.32 0 79.9 429.7 
0.1 1950 487500 2•12500 0.1402 1.38E-04 1.•98 9.72E-03 63.81 9627 62.66 0 71 .3 338.3 
0.1 1950 487500 1812500 0.0957 6.53E-04 4.448 3.54E-03 49.91 98.46 84.56 0 195.8 665.7 
0.1 1950 487500 1700000 0.11 13 2.61E-04 2 .185 5.18E-03 71.8 98.87 88.68 0 133.9 391 .7 

700 21.31 3000 4320 10.442228 0 .4008 11 5.1349 4234.16 5125 0.1 1950 467500 1325000 0.1493 3.82E-04 2 .294 1.19E-02 63.16 52.12 0 0 59.2 551.7 
701 41 .75 3000 810 726.5 12455 15.982 65.9946 7386.97 5125 0.1 1950 467500 575000 0.0762 6.22E-05 1.545 7.57E-03 29.07 99.31 93.12 31 .18 91 .6 189.7 
702 30.83 3000 1840 129.248979 4 .8978 11 3.6821 4288.27 5125 0.1 1950 467500 1300000 0.1032 1.35E-04 1.663 t .23E-02 77.47 96.13 61 .31 0 56.5 276.4 
703 28.53 3000 5710 90.337403 2.8016 93.0387 5239.76 5125 0.1 1950 487500 962500 0.1115 5.34E-04 3.423 6.31E-03 46.11 94.47 44.65 0 109.8 61U 
704 4.42 3000 1950 200.111327 12.458 186.7666 26 10.21 5125 0.1 1950 487500 2737500 0.1303 2.03E-04 1.769 7.43E-03 32.47 97.5 75.01 0 93.3 375.5 
705 34.77 3000 4540 6.376221 0.2569 120.8573 4033.68 5125 0. 1 1950 487500 1425000 0.0915 6.12E-04 4.382 1.29E-02 67.75 21 .58 0 0 53.6 645.9 
706 28.61 3000 3060 10.902558 0 .4645 127.8255 3813.79 5125 0.1 1950 487500 1550000 0.1112 2.72E-04 2.236 1.61E-02 59.92 54.14 0 0 43.1 400.6 
707 41 .69 3000 2620 272.203719 8 .22 11 90.6061 5380.43 5125 0 .1 1950 487500 925000 0.0763 1.67E-04 2.103 1.02E-02 96.19 98.16 81.63 0 682 258.5 
708 22.85 3000 3360 206.879912 7.6372 110.7481 4401 .88 5125 0.1 1950 487500 1250000 0.1392 3.12E-04 2.133 5.82E-03 36.31 97.58 75.83 0 11 9.2 47n.4 
709 5'.29 3000 5950 228.122904 6 .7023 88.1405 5530.94 5125 0.1 1950 487500 887500 0.058< 4 .33E-04 •.731 6 .88E-03 80.79 97.81 78.08 0 100.8 ..... 
710 33.52 3000 1530 47.25283 2.1307 135.2775 3603.7 5125 0.1 1950 487500 1687500 0.0949 1.42E-04 1.754 1.66E-02 50.99 89.42 0 0 41 .7 268.1 
711 25.03 3000 3990 166.471205 7.3576 132.592 3676.69 5125 0.1 1950 487500 1637500 0.1271 3.96E-04 2.583 5.89E-03 52.88 97 ..... 0 117.7 528.8 
712 28.79 3000 2730 11 .513271 0.47 19 122.9684 3964.43 5125 0.1 1950 487500 1462500 0.1105 2.91 E-04 2.33 1.44E-02 29.12 56.57 0 0 48.1 414.8 
713 25.68 3000 4880 1.415321 0.059 125.0616 3898.08 5125 0.1 1950 487500 1500000 0.1239 7.84E-04 4 .198 1.15E-02 40.79 0 0 0 60.< 837.8 
714 27.93 3000 1140 153.661 159 6.7221 131 .239 3714.6 5125 0.1 1950 487500 1612500 0.1139 1.08E-04 1.479 1.13E-02 3626 96.75 67.46 0 61 .4 271.3 
715 24.93 3000 710 455.521214 27.8384 163.3396 2658 5125 0.1 1950 487500 2662500 0.1276 5.15E-05 1204 7.71E-03 26.56 98.9 89.02 0 90 247.5 
716 22.53 3000 920 75.45906 4.5536 181 .037 2692.82 5125 0.1 1950 487500 2612500 0.1412 9.08E-05 1.325 1.25E-02 23.92 93.37 33.74 0 55.5 301.4 
717 62.38 3000 1090 1181.161344 48.6907 123.6681 39<2 5125 0.1 1950 487500 1475000 0.051 6.71E-05 1.665 6 .97E-03 75.19 99.59 95.77 57.67 99.5 136.8 
718 32.46 3000 2900 1.742395 0.0865 148.9657 3272.57 5125 0.1 1950 487500 1950000 0.098 3.77E-04 2.947 1.68E-02 10.71 0 0 0 41 .4 465.3 
719 30.04 3000 3970 141 .562305 6.0318 127.6255 3813.79 51 25 0.1 1950 487500 1550000 0. 1059 3.16E-04 2.507 8 .10E-03 90.< 96.47 64.68 0 85.5 427.8 
720 32.7 3000 3920 60.596291 2.65 1 131 .239 3714.6 51 25 0.1 1950 '87500 1612500 0.097 1 3.22E-04 2.678 1.02E-02 46.01 91.75 17.49 0 68 418.8 
721 22.87 3000 3280 103.227779 5.7014 165.6929 2942. 19 5125 0.1 1950 '87500 2287500 0.1391 3.84E-04 2 .396 6 .80E-03 52.63 95.16 51.56 0 102 536.9 
722 24.23 3000 1870 1235.258928 48.0016 11 6.5786 4181 .73 5125 0.1 1950 487500 1350000 0.1313 1.39E-04 1.534 2 .78E-03 56.12 .... 95.95 59.52 249.8 32•.6 
723 42.59 3000 3870 40.018758 1.63 1 122.2668 3967.18 5125 0.1 1950 487500 1450000 0.0747 2.95E-04 2.996 1.31E-02 38.17 87.51 0 0 52.B 360.5 
724 42.7 3000 1560 76.111119 3.0302 11 9.4396 4081 .56 5125 0.1 1950 487500 1400000 0.0745 1.97E-04 2 .339 1.34E-02 15.2 93.43 34.31 0 51 .6 280.7 
725 47.27 3000 3960 37.0084 14 1.4203 11 5.1349 4234.16 5125 0.1 1950 487500 1325000 0.0673 3.09E-04 3.:u-1 1.32c -02 28.01 86.49 0 0 52.6 360 
728 22.64 3000 5480 94.946428 3.2431 102.4691> 4 757.49 5125 0.1 1950 487500 1112500 0.1405 6.37E-04 3.291 5.02E-03 37.59 94.73 47.34 0 138 744 .9 
727 2 .93 3000 5940 9.820233 0.2404 73.4399 6638.08 5125 0. 1 1950 487500 675000 0.1276 5.25E-04 3.08 9 .87E-03 26.95 49.08 0 0 70.2 633.2 
728 27.96 3000 710 553.54963 16 .5674 89.788 5429.46 5125 0.1 1950 '87500 912500 0.1138 5.17E-05 1.23 7.5 E--03 31.07 99.1 90.97 9.67 91 .3 = .4 
729 21.85 3000 2250 118.967872 5.4174 136.6103 3568.54 5125 0.1 1950 487500 1712500 0.1456 2 .44E-04 1.846 7.72E-03 30.42 95.8 57.97 0 89.8 433 
730 37.3 3000 2810 934.989828 38.9771 125.0616 3898.08 5125 0 .1 1950 487500 1500000 0.0853 2.40E-04 2.42 3.57E-03 32.14 99.47 94.65 46.52 194.3 332.5 
731 35.83 3000 8440 183,447904 3.5529 58.1021 8300.4 5125 0.1 1950 487500 475000 0.0888 4.49E-04 3.556 5.98E-03 45.92 97.27 72.74 0 11 5.9 508.7 
732 30.13 3000 4890 6.54 1012 0 .2495 114.4096 4261 5125 0.1 1950 487500 1312500 0.1056 6.53E-04 4 .128 1.11e-02 54.76 23.56 0 0 62.5 702.2 
733 32.86 3000 1510 27.408425 1.4805 162.0511 3008.31 5125 0.1 1950 487500 2212500 0.0968 1.82E-04 1.949 1.B1E-02 24.52 81 .76 0 0 43 304 
73< 25.86 3000 5470 3.994769 0.1292 97.024 5024.53 5125 0.1 1950 487500 1025000 0 .123 5.73E-04 3.355 1.17E-02 41 .31 0 0 0 59 664 .8 
735 27.7 3000 2890 268.950347 13.4687 150.2362 3244.89 5125 0.1 1950 487500 1975000 0.1146 2.40E-04 2.06 6 .63E-03 47.04 98.14 81.41 0 104.5 380.3 
738 21.67 3000 3570 26.462797 0.8489 96.2335 5065.8 5125 0.1 1950 487500 1012500 0.1468 3.06E-04 2.055 1.09E-02 64.14 81.11 0 0 63.5 486 
737 27.43 3000 6040 16.757581 0.4642 83.1021 5866.28 5125 0.1 1950 '87500 812500 0.11 6 4 .SSE-04 2.981 1.17E-02 84.65 70.16 0 0 59.3 557.1 
738 33.84 3000 3270 52..142329 3.00<4 172.8593 2820.21 5125 0.1 1950 '87500 2437500 0.09< 4 .99E-04 3.68< 9 .14E-03 88.81 90.41 4.11 0 75.8 557 .8 
739 42.53 3000 4080 727.945121 31 .3493 129.1963 3773.33 5125 0.1 1950 '87500 1575000 0.0748 3.33E-04 3252 3.75E-03 42.49 99.31 93.13 31 .31 184.8 391 .9 .. ""·51 3000 5930 56.-406246 1.657 88.1-405 5530.IM 5125 0.1 '950 ~87500 887500 0.12 5.36E-04 3.256 ~9.w,;i 91 .1-4 11 .36 97.5 629 .• 
741 30.8 3000 3170 159.807688 9.05 169.8917 2869.47 5125 0.1 1950 487500 2375000 0.1033 3.30E-04 2.613 7.15E-03 40.67 96.87 68.71 0 96.9 434 .9 
742 24.99 3000 4650 3.716419 0 .1-471 118.7276 -4106.04 5125 0.1 1950 487500 1387500 0. 1273 5.59E-04 3.22 1.16E-02 33.1 0 0 0 60 660.3 
743 29.51 3000 3700 38.960569 12498 96.2335 5065.8 5125 0.1 1950 487500 1012500 0. 1078 2.97E-04 2 .391 1.17E--02 .... 87.17 0 0 59.5 415.2 
744 22.69 3000 2630 10.051162 0 ,5712 170.4873 285945 5125 0.1 1950 '87500 2387500 0 .1402 2.81E-04 2 .015 1.35E~ 35.77 50.25 0 0 51 455 
74 5 47.62 3000 1410 207.486483 7.6596 110.7481 4401 .88 5125 0.1 1950 487500 1250000 0.0668 1.37E-04 2 .039 1.26E..Q2 34.46 97.59 75.9 0 54.9 219.4 
746 29.84 3000 4000 0.716856 0 .0351 147.0497 3315.21 5125 0 .1 1950 487500 1912500 0.1066 5.BOE-04 3.749 1.SSE-02 32.23 0 0 0 « .7 643.9 
74 7 37.04 3000 730 940.63794 52.3302 166.8979 2920.95 5125 0.1 1950 487500 2312500 0.0659 6 .17E-05 1.363 6.22E-03 34.72 99.47 94.68 46.84 111 .5 188.6 
748 29.76 3000 3970 1.118676 0.0577 154.6414 3152.45 5125 0.1 1950 487500 2062500 0.1069 5.57E-04 3.633 1.40E-02 19.59 0 0 0 49.5 625.7 
74 21 .88 3000 2590 83.533177 3.3257 119.4396 4081 .56 5125 0.1 1950 487500 1400000 0.1454 2.80E-04 1.973 8.0Sc-03 28.48 94.01 40. 14 0 86.1 462 . .il' 
750 61 .18 3000 5930 5.012348 0.2181 130.5599 3733.92 5125 0.1 1950 487500 1600000 0 .052 7.60E-04 8.393 1.14E..Q2 24.68 0.25 0 0 60.9 703.1 
751 29.24 3000 31 10 99.033488 5 .8227 176.3872 2763.81 5125 0.1 1950 -487500 2512500 0.1088 3.SJE-04 2.641 7.86E-03 37.91 94.95 49.51 0 88.2 <63 
752 28.46 3000 1770 350.468867 12.0603 103.2361 4722.19 5125 0.1 1950 487500 11 25000 0.1118 1.62E-04 1,733 7.0BE-03 40.16 98.57 85.73 0 97.9 312.2 
753 54.95 3000 1960 287.88853 1 9 .980 1 103.8994 4687.53 5125 0.1 1950 487500 11 37500 0.0579 1.46E-04 2.275 1.16E-02 51 .07 98.26 82.63 0 59.6 212.2 
754 42.93 3000 5420 69.054806 2.5151 109.2665 4-461 .57 5125 0.1 1950 48750C 1225000 0.0741 6.26E-04 5.269 6 .99E-03 42.75 92.76 27.59 0 99. 6=, 
755 37.17 3000 1180 869.794897 31.03 107.0251 4555.01 5125 0.1 1950 487500 1187500 0.0859 8.43E-05 1.498 6 .13E-03 60.79 99.43 94.25 42.52 11 3.2 206.6 
756 27.01 3000 2170 21.375578 0.7246 101 .7009 4793.-4 7 5125 0.1 1950 487500 1100000 0.1178 2.10E-04 1.903 1.48E.Q2 44.96 76.61 0 0 46.8 361.1 



Simulation Panimeters and Results: 65% Inventory case 

Required Required Required 
A,.t - So.Kee -"""" cteooup Cleaoup Cleanup Abtotlo c.roon 

Percentage Peroentage Pe«:eniage Reection Tetntchlorlde 
Realizalio Porosity Oenstr (5µg/L (5011g/L (500 µg,1. HalfTme TravelTime 

m m3/m K Com iana, Com iana, Com .• ..,. 
757 5125 0.1 1950 99.25 92.49 24.86 343.9 
786 5125 0.1 1950 99.64 96.39 63.87 251 .9 
759 5125 0.1 1950 95.36 53.64 0 281 .6 
760 5125 0.1 1950 98.82 88.17 0 •18.3 
761 5125 0.1 1950 0 0 0 707.5 
762 5125 0 .1 1950 98.45 84 .5 0 •16.9 
763 5125 0 .1 1950 98.87 88.69 0 247.3 
764 5125 0.1 1950 1.541 93.6 35.98 0 34a.< 
765 30.59 3000 5125 0.1 1950 2.944 59.22 0 0 4D3.3 
766 27.62 3000 5 125 0.1 1950 3.056 94.33 43.3 0 567.2 
767 32.3 3000 5125 0.1 1950 3.407 54.22 0 0 540.6 
788 24.01 3000 5125 0.1 1950 1.806 80.6 0 0 ..... 
769 26.31 3000 5 125 0.1 1950 2.259 57.1 0 0 440.1 
770 28.35 3000 5125 0.1 1950 1.538 98.22 82.2 0 277.ll 
771 60.71 3000 5125 0.1 1950 2.392 99.34 93.39 33.89 201 .9 
772 21.•5 3000 5125 0.1 1950 2.502 61 .17 96.oa 60.84 0 119.ll 597.7 
773 21 .64 3000 5125 0.1 1950 1.96 50.03 86.53 0 0 67.6 464 .2 
m 30.3 3000 5125 0.1 1950 487500 3.7 59.2 1 97.67 76.67 0 147.6 625.3 
775 21.52 3000 5125 0.1 1950 487500 3.241 43.6 93.79 37.88 0 134.4 771.8 
776 59.13 3000 5125 0.1 1950 487500 2.729 28.09 96.49 64.92 0 51 .5 236.6 
777 62.38 3000 5125 0.1 1950 487500 1.426 59.3 99.66 96.8 68.02 123.3 11 7.1 
778 23.78 3000 5125 0.1 1950 487500 1.891 30.84 82.13 0 0 57.4 407.5 
779 3 1.44 3000 5125 0. 1 1950 487500 2 .699 59.8• 97.79 77.87 0 109.1 440 
780 26.82 3000 5125 0.1 1950 487500 3.62 39.91 87.91 0 0 99.8 691 .6 
781 49.63 3000 5125 0.1 1950 487500 2.073 68.42 99.44 94.42 44.24 118.9 214 
782 25.53 3000 5125 0.1 1950 487500 2288 39.11 98.54 85.39 0 141 .3 459.3 
783 3.27 3000 5125 0.1 1950 487500 3205 16.37 96.64 66.45 0 158.1 705.7 
784 •3.76 3000 5125 0.1 1950 487500 4 .958 19.76 94.6 45.99 0 108.5 580.7 
785 35.71 3000 5125 0.1 1950 487500 2.264 54.35 98.39 83.93 0 94.3 325 
786 5 .35 3000 5125 0.1 1950 487500 1.455 42.35 99.57 95.7 57.04 91 125.7 
787 39.82 3000 5 125 0.1 1950 487500 1.194 25.69 99.55 95.52 55.21 107.1 153.7 
788 46.04 3000 5125 0.1 1950 487500 3.067 31 .47 97.06 70.61 0 78.7 343.7 
789 23.92 3000 5125 0.1 1950 487500 1.467 6227 99.17 91.67 16.69 131 .6 314.3 
790 28.89 3000 5 125 0.1 1950 487500 1.294 •0.92 99.45 94.48 44.76 131.2 229.S 
791 21 .6Q 3000 5125 0.1 1950 487500 3.565 69.•3 80.83 0 0 100.1 842.5 
792 32.5 3000 5125 0.1 1950 487500 3.688 8424 0 0 0 45.2 578.5 
793 22.36 3000 5125 0.1 1950 487500 2.642 56.57 0 0 0 48.7 605.8 
794 3000 5125 0.1 1950 487500 2.997 58.78 81 .96 0 0 65 510.3 

3000 5125 0.1 1950 487500 3.589 67.09 98.82 88.15 0 145 448 
3000 5125 0.1 1950 487500 2.373 33.42 86.34 0 0 52.Q 457.2 
3000 5125 0.1 1950 487500 3.94 4Q.68 51 .12 0 0 81 .3 811 .3 
3000 5125 0.1 1950 487500 2.036 48.56 98.62 86.21 0 116.3 369. t 
3000 5125 0. 1 1950 487500 3.036 76.41 93.27 32.67 0 83.8 521 .8 
3000 5125 0.1 1950 487500 1.727 70.53 96.79 67.86 0 84.9 387.9 
3000 5125 0.1 1950 487500 2.361 87.1Q 1:13.26 32.6 0 54.7 335.1 
3000 5 125 0 .1 1950 487500 3.175 61 .63 97.9 79.02 0 149 596.9 
3000 5 125 0.1 1950 487500 2.63 53.65 96.16 61.59 0 86.9 289.4 
3000 5 125 0.1 1950 487500 2 .522 35.51 93.27 32.74 0 77.9 442.5 
3000 5125 0.1 1950 487500 2 .511 62.73 98.87 88.66 0 138.9 407 
3000 5 125 0.1 1950 487500 1.659 55.68 99. 15 91 .48 14.8 106 256.9 
3000 5125 0.1 1950 487500 2.551 30.S 95.19 51.91 0 512 261 
3000 5125 0.1 1950 487500 2.118 51 .14 89.3 0 0 53.2 347.7 
3000 5 125 0.1 1950 487500 2 .015 6626 98.03 80.26 0 84.8 321 .7 
3000 5125 0. t 1950 487500 3.329 20.86 87.96 0 0 866 362.9 
3000 5125 0.1 1950 5.167 68.81 95. t 51 .04 0 108.2 6492 
3000 5125 0. t ,.,. 1.SSE-04 1.602 35.18 83.6 0 99.5 6 
3000 5125 0.1 1950 5.48E-05 1.31 27.69 99.32 93.2 31 .95 92 168.6 
3000 5125 0.1 1950 7.07E-04 4.022 51 .65 92.35 23.46 0 120.5 765.8 
3000 5125 0.1 1950 1.70E-04 1.894 38.9 97.73 7726 0 74.8 292.6 
3000 5125 0.1 1950 2.21E-04 3.001 51 .85 1:17 .82 78.18 0 67.3 269.3 
3000 5125 0.1 1950 2.38E-04 1.804 84.89 87.95 0 0 62.3 434.1 
3000 5125 0.1 1950 2.13E-04 2.685 57.15 99.07 90.68 6.79 ,ou 265.8 
3000 5125 0.1 1950 1.54E-04 1.582 62.3 97.98 79.78 0 ... 341 .3 



Siin.ilatlon Parameters and Results: 65% lnwntoty case 

Maximum Required Required Required 
Timeof Maximum Release Remaining Volume at« Fin.I - ...... "°""" Maxirrumat Concentralio Raleat 1-0 c,,_ above Fixed Cle,u,up Clea""" Cleanup Abiotic C""""1 

Axed Source Compliance n Compliance Complianc Sou= Sou= Strsamlub BaM B~k Tetrachloride - Percenlage Percenlage Percentage Reaction Telrad'lloride 
Realizalio Velocity Concentratio Bou,1<1,,y Bounda<y e Boundary .... Duration e Length Porosity Oen•~ Sou= Porosity Kd (5µQ,'1. (50 µg/L (500 µQ/1. Half Time TrawlTlme 

" m) m3/m K m' Com "'""' Com iance Com 
820 5125 0.1 1950 95.66 56.59 106.5 536.5 
821 5125 0.1 1950 99.41 94.11 41 .1 153.7 291 .5 
822 5125 0.1 1950 96.22 62.16 0 59.8 279.4 
823 5125 0.1 1950 47.59 89.19 0 0 47.3 301.1 
824 5125 0.1 1950 76.18 99.42 94.22 42.18 113.5 209.5 
825 5125 0.1 1950 24.9 38.83 0 0 592 591 .5 
826 5125 0.1 1950 86.65 60.05 0 0 48.3 569.7 
827 5125 0.1 1950 49.45 85.87 0 0 60.1 483.9 
828 5125 0.1 1950 55.31 98.34 83.36 0 62.1 217.6 
829 5125 0.1 1950 30.36 94.49 44.85 0 75.4 400.9 
830 5125 0.1 1950 69.85 99.18 91.83 18.3 233.7 563.7 
831 5125 0.1 1950 38.99 92.79 27.85 0 108.7 646.1 
832 5125 0.1 1950 23.65 99.44 94.45 44.45 96.5 168. 
833 3000 5125 0.1 1950 25.16 92.15 21.47 0 61 .2 353.9 
834 3000 5125 0.1 1950 78.25 98.94 89.35 0 105.2 310.7 
835 3000 5125 0.1 1950 12.55 97.8 78.04 0 92.4 348.3 
838 3000 5125 0.1 1950 70.92 95.64 56.38 0 6'.9 326 
837 3000 5125 0.1 1950 52.49 93.44 34.44 0 50 278.8 
838 40.53 3000 5125 0.1 1950 25.54 ... , 0 0 69 580.8 
839 38.99 3000 5125 0.1 1950 60.33 98.26 82.64 0 91 .7 331 .7 
840 29.7 3000 5125 0.1 1950 45.73 SB.95 89.49 0 155.2 429.4 
841 28.56 3000 5125 0.1 1950 33.77 87JKI 0 0 71 .9 m 
842 30.68 3000 5125 0.1 1950 27.12 89.43 0 0 63.9 402.8 
843 47.48 3000 5125 0.1 1950 487500 28.34 99.09 90.89 8.94 75.6 188.2 
844 25.07 3000 5125 0.1 1950 487500 16.63 97.03 70.35 0 70.6 297.2 
845 29.98 3000 5125 0. 1 1950 487500 84.02 71.55 0 0 66.9 6082 
846 21 .94 3000 5125 0.1 1950 487500 28.12 99.13 91.34 13.42 150.2 362.1 
847 24.03 3000 5125 0.1 1950 487500 29.98 67.16 0 0 82.9 696 
848 31 .85 3000 5125 0.1 1950 487500 60.5 97.4 73.96 0 125 550.7 
849 23.97 3000 5125 0.1 1950 487500 30.03 67.94 0 0 89.5 753 
850 26.16 3000 5125 0.1 1950 487500 64.16 79.2 0 0 51 .1 400.1 
851 32.97 3000 5125 0.1 1950 487500 46.31 97.18 71 .84 0 133 595.8 
852 26.06 3000 5125 0.1 1950 487500 53.38 0 0 0 50.3 684.8 
853 24.62 3000 5125 0.1 1950 487500 45.94 63.7 0 0 79.5 720.9 
854 35.35 3000 5125 0.1 1950 487500 57.74 99.24 92.42 24.19 96.1 215.3 
855 43.88 3000 5125 0.1 1950 487500 22.88 83.2 31.95 0 71 .7 406 
856 30.4 1 3000 5125 0 .1 1950 487500 40.48 99.2 91 .97 19.74 152.7 355.3 
857 44.43 3000 5125 0.1 1950 487500 4 5.85 96.1 81 .01 0 61 .1 223.4 
858 36.95 3000 5125 0.1 1950 487500 16.14 96.82 68.19 0 53.1 2.29.5 
859 61 .77 3000 5125 0.1 1950 487500 71.89 97.69 76.89 0 74 324.7 
860 46.51 3000 5125 0.1 1950 487500 57.4 99.32 93.17 31.66 103.5 217.2 
861 26.64 3000 5125 0.1 1950 487500 62.38 99 89.98 0 160.3 492.9 
862 23.53 3000 5125 0.1 1950 487500 41 .41 94.56 45.58 0 562 293.5 
863 33.38 3000 5125 .1 1950 487500 29.3 9029 2.92 0 60.5 1 374.9 ... 21 .77 3000 5125 0.1 1950 487500 66.12 90.14 1.37 0 71 .4 463.9 
865 25.25 3000 5125 0.1 1050 487500 24.71 97.84 78.39 0 83.2 313.5 
866 40.02 3000 5125 0.1 1050 487500 23.47 98.89 88.9 15 .1 •31 
867 28.13 3000 5125 0.1 1950 487500 28.74 89.05 0 96 6262 
868 32.66 3000 5125 0.1 1950 22.86 96.2 61.97 0 104.1 •90 
869 31.59 3000 5125 0.1 1950 79.96 99.24 92.45 24.46 145.4 332.2 
870 22.44 3000 5125 0.1 1950 29.9 88.05 0 0 59.6 382.8 
871 24.83 3000 5125 0.1 1950 53.1 0 0 0 56.3 716.8 
872 27.1 3000 5125 0.1 1950 22 86.84 0 0 62.9 412.9 
873 27.96 3000 5125 0.1 1950 47.73 92.38 23.8 0 68.6 •08.1 
874 27.5 3000 5125 0.1 1950 42.95 7.56 0 0 43.5 447 
875 26.44 3000 5125 0 .1 1950 63.89 0 0 0 40.8 60• .7 
876 30.8 3000 5125 0.1 1950 28.71 98.89 88.92 0 110.9 308.9 
877 23.85 3000 5125 0.1 1950 27.84 96.57 65.73 0 109.7 496.9 
878 3021 3000 5125 0.1 1950 44 .21 90.02 0.2 0 40.5 251 .4 
879 23.39 3000 5125 0.1 1950 51.22 97.52 75.17 81 .4 330.1 
880 57.42 3000 5125 0.1 1950 44 .62 88.02 0 71 536.1 
881 35.23 3000 5125 0.1 1950 32.37 96.85 68.5 73.7 325.7 
882 23.2 3000 5125 0.1 1950 83.46 75.46 0 72.9 650.4 



SirT'Uation P .. met .. and Resi.tts: 65% lnYenloty C.N 

-- _, ... ......... 
n- o1 Maxl"'-lm ·- Remaining Volwne at or F1nl Sou-ca Sou<, 

Maximum al Con<on .... Rataat 1-0 C.n,on al:>cNe Fixed Clea""" ...,., Cart,on 
Fixed Source Compli- n Compllance Complianc Sou"" Streamtub Tetrachloride "°""" Percenl&ge Reaction Teirachlorlde 

Reallzallo Velocity Concentratlo Bounda,y Boun""'Y e Bounda,y Duration e l ength Sou"9 Concentrallo (50 µg/L Half Time TravelTime 
K 

58.78 
71 .86 .. 92.25 

21.85 3000 0 
2348 3000 21 .99 

.. 1 3000 56.12 
892 3000 73.12 
893 3000 95.19 ... 3000 80.0 1 
895 3000 48.07 ... 3000 43.35 0 "' 456.8 .. , 3000 211. 2 0 7 .9 .... 9 ... 3000 57.93 0 46.4 438.6 ... 3000 37.42 0 653 5539 
900 3000 70.51 2216 .. 697.4 
901 3000 18.9 74.39 0 1059 00.2 
902 3000 40.44 75. -42 0 ... 356 
903 40..32 3000 60.56 "·" 0 601 ,4 ... 30.33 3000 56.52 0 0 364.5 
905 58.37 3000 43.7-4 96.82 68.16 1 ... 38.28 3000 22.18 75.99 0 419.9 .. , 30.71 43.85 83.45 0 237.7 ... 26.25 3000 25.33 96.17 61.6 7 0 462.6 ... 36.23 3000 30.22 0 0 630.1 
010 37.96 3000 3-4.03 ..... 89.77 0 411 .1 
911 314' 3000 79.08 .... 0 0 720 .7 
91 3000 ,. .. .... 0 556 
9\3 3000 n.21 81 .69 0 0 so 1 3 .. 
9\• 32.75 , ... 79.5 0 12-41 465.1 
015 3000 487500 -4 2.87 .. , ..... 0 76 231.a 
916 3000 487500 30.95 97.85 78.-49 0 1030 3961 
917 3000 487500 36.3 ..... ..... 8.83 21 .7 539.6 
910 3000 487500 63.31i1 82.87 0 0 608 520.9 
919 487500 35.1 99.47 94.71 47. 109 184 .3 
920 3000 487500 71.53 70.-45 0 0 52.3 451.3 
921 3000 487500 9.34 97.5 75.91 0 82. 330.2 
922 3000 487500 79.72 92.32 23.18 0 6!il.9 447.6 
923 3000 487500 36 1 60.6lil 0 0 n8 632.4 
924 3000 487500 30.34 lil9.15 91.51 15.12 8 4 195.8 
925 3000 487500 52.12 .. 81 88.13 0 1084 315.9 
926 487500 44.61 .. 31 83.1-4 0 102.7 3641 
921 3000 487500 57.08 95.59 55.93 0 S0.5 25' 3 

--928 3000 487500 51.49 89 42 0 0 95.9 711 .5 
929 487500 24.27 ... 0 57 447.1 
930 3000 487500 17.43 98.23 82.28 0 55.4 192.6 
931 3000 487500 8.55 99.0 7 ..... 6.8' .. 244 .7 
932 3000 487500 74.45 93.92 39.21 0 ... 3 373.7 
933 3000 487500 30.2 16.42 0 0 •>6 -4 14 .8 .,. 3000 487500 14 .27 97.57 75.69 0 699 272.9 
935 3000 487500 18.97 91.1 10.99 0 52.3 305.2 
936 3000 487500 -4 1.56 90.01 0.14 0 1004 .... 9 

3000 487500 62.66 2941 0 0 484 547.1 
2$.01 ... ..... 0 1288 3566 

3000 59.1 so .. 0 0 43.4 400.5 
3000 20.38 93.17 31 .73 0 600 332.6 

57.38 .. ..... 0 ,. 257 .1 

3000 69.76 98.23 82.3 0 118.3 476.7 
3000 57 0 ... .1 
3000 47.82 99.19 91.89 18.88 77.1 179.8 

168E-02 ... , 0 0 0 " 5041 



Slmulelion P .. met .. and RUUts: 1% lnvenlory Case 

rme of ........ ·-Maximum Remaining Volume at or Firat - Saum, Required 
1-0 """""' above Fixed OnW °""""" ""'-• Source Cleanup Abio1k """""' Tetrachloride Soun,e Rate Longitudinal Percentage Percentage Percentage Re&ellon Telrachioride 

"°""" Kd Conatanl Diaper&Mty (5 11gll (50 1•Qll (50011o,1.. Half Time Travel Time 

Com """" """" 0 
0 

7Ul2 .... 44.35040652 
16.2 0 

1a.n 0 
7 87.35 0 

• 0 0 

• 300() 0 0 
10 300() .. ... 0 
11 300() 77. 15 0 
12 300() 95.24 52.39 
13 300() 0 0 

300() 0.1 0 
300() 0.1 
300() 0.1 98.45 84.49 
300() 0.1 ..... 60.93 
300() 0.1 ... 0 
300() 0.1 ... 22 62.2 199.7 
300() 0.1 0 0 451 
300() 0.1 0 645.8 
3000 0.1 0 46 1.8 
3000 0.1 72.74 368.6 
3000 0.1 66.86 578.4 
3000 0.1 74.35 
3000 0.1 69.83 0 849.3 
3000 0.1 52.15 0 417.9 
300() 0.1 82.78 0 317.9 
300() 0.1 .. .26 8~56 202.6 
300() 0.1 53.•2 0 2994 
300() 0.1 76.00 0 0 •967 
3000 0.1 0 0 508.2 
3000 0.1 69.96 0 207.7 
3000 0.1 0 0 383.5 
300() 0.1 0 0 574.3 
3000 0.1 0 0 62• 
3000 0.1 92.2 21.98 145.5 
3000 0.1 72. 11 0 319.7 
3000 0.1 0 0 531 .7 
3000 0.1 0 0 380.6 

" 3000 0.1 0 0 389• 
• 3000 0.1 0 0 517.9 
•3 3000 0.1 0 0 311.2 .. 3000 0.1 0 0 357.5 
•5 3000 0.1 71.7 0 206.5 .. 3000 0.1 0 0 526 3 

" 3000 5125 0.1 0 
48 3000 5125 0.1 7500 38.86 0 98 552.1 
49 3000 5125 0.1 7500 0 122. 524. 
50 3000 5125 0.1 7500 0 81.9 361.3 
51 3000 5125 0 1 7500 10 1.3 570.6 
52 3000 5125 0.1 323.5 
53 3000 51 25 0.1 7500 1 .. 
5• 3000 5125 0.1 7500 414.5 
55 3000 5125 0.1 7500 477.7 
58 3000 5125 0.1 7500 440.5 
57 3000 5125 0.1 7500 41.63 272..5 
58 3000 5125 0.1 7500 0 6901 
59 3000 5125 0.1 7500 0 472.8 
60 3000 5125 0.1 7500 0 324.5 
61 300() 5125 0.1 7500 0 451.8 
62 3000 5125 0.1 7500 0 0 667.6 
63 3000 5125 0.1 7500 .... 69.87 199.9 



Skn.Aation P .. met .. and R91Uts: 65% imlenlOl'y CHe 

Maximum Required Required 
romeo! Maximum ....... Remaining Volume at or Soun,e Soun,, 

Maximum at Concentralio Rate at ,.o c.,,_ above Fixed Cieo""P Clean"" ""'°"' C8ri>on 
A_,"°""8 eom,,,anoe nCompllance Complianc ""'""' ""'""' Streamtub ... , Tetrachloride "°""" Percentage Percentage Reaction Tetrachloride 

Reellzalio Velocity Concenlr8Uo Bounda<y - ' """""'">' ""' DuraUoo e Length Densty ConcentraUo Kd (5011g/L (500119/L Half Time Travel Time 
n II. K Com iaoce) Com . 

046 3000 0 406.9 
.. 7 3000 40.26 482.5 
.. 8 3000 94.95 151 .8 ... 3000 0 692.1 ..., 3000 88.66 3877 .. , 3000 0 3 ... 
952 3000 0 621 .5 

3000 0 4561 ... 38.42 3000 9948 94.59 187.2 326.1 
955 32.01 3000 .. -08 90.75 HM.4 265.8 ... 35.51 3000 95.63 56.29 05. 512.5 
957 24.25 3000 67.42 B628 0 49.2 342.6 ... 5374 3000 82.52 98.93 89.25 250. 
059 264 3000 17.74 ..... 86.6 3105 
860 40.27 3000 19.29 .. ,. 93.77 350.6 
061 22.59 3000 28.« 97.79 n.89 5'7~ 
962 28.35 3000 82.77 94.37 43.B6 661 .3 
963 22.06 3000 32. 98.88 88.8 ,.., ... 3000 20.22 .... 88.88 206 
965 3000 38.58 " 74.42 381 . 
966 3000 0.1 ,,. .. 98.6 1 86.08 135.1 
967 3000 o., 30.78 98.81 86.08 419.9 ... 0.1 56.33 47.7 0 7.8 
969 3000 o., 14.64 98.19 81 .94 228.3 
970 3000 0.1 43.5 70.36 0 600.S 
971 3000 0.1 36.81 .... ..... .. . 208.8 
972 3000 0.1 27.9 9719 71.85 339.8 
073 3000 0.1 37.83 88.57 0 0 416 7 
97' 3000 0.1 23.07 95.11 51 .1 0 "' 075 3000 0.1 53.5' 99.15 91 .-46 .... 235.5 
976 3000 0.1 25.62 .. 77 87.71 0 210.5 
017 3000 0.1 60.45 96.1 81.27 0 458.8 .,. 3000 ~ I 68.96 86.75 0 0 668.3 .,. 3000 0.1 -43.93 .. ., 94.27 ,2.n 258.7 
860 3000 0.1 61.82 "'·' 3'.02 17 
981 3000 0.1 '87500 32.8 50.47 0 778.7 .. , 3000 0.1 '87500 43.2-4 0 0 510 
1183 3000 0.1 '87500 8.91E-05 50.7 85.42 0 284.2 ... 3000 0.1 '87500 1.20E-04 29.59 87.99 0 212.8 
985 3000 0.1 '87500 1.63E-04 38.'8 93.63 36.33 2252 ... 3000 o., '87500 1.73E-04 72.32 68.02 0 2n.3 
987 3000 0.1 '87500 2.93E-04 59. 5 88.03 0 4364 ... 3000 0.1 487500 3.63E-04 36.51 0 0 502.1 ... 3000 0.1 '87500 U3E-04 27.79 68.53 0 2888 
090 3000 o., '87500 7.58E-04 48.08 0 0 804 779 .8 
.. 1 3000 o., '87500 1.16E-04 30.5' 88.59 0 102.3 2886 

o., '87500 1.19E-04 22.3' 96.-41 64.11 237.3 ,.. 
3000 o., 487500 7.12E-05 24.09 94.62 46.17 96.8 164 .8 

o., 487500 1.32E-04 30.3 67.58 0 44.1 196 
3000 o., 487500 31.25 0 0 388 333.1 
3000 o., 487500 39.05 76.-45 0 79.2 313 
3000 o., 487500 28.92 97.65 76.47 0 74,1 292.8 
3000 o., 487500 30.8 98.18 81 .79 0 .. 8 333.5 
3000 o., '87500 30 9 69.3 0 0 51 .3 4486 

1000 3000 0 1 1950 '87500 80.2 9959 95.92 5916 1699 22-4 .1 
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