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1.0 INTRODUCTION

Atlantic Wood Industries, Inc. (AWI) is performing a Remedial
Investigation/Feasibility Study (RI/FS) at their Portsmouth, Virginia facility. A
draft Remedial Investigation Report was submitted to the U.S. EPA Region III
(EPA) and the Virginia Department of Waste Management (VDWM) in September
1990. Based upon a review of the RI Report, EPA determined that additional RI
tasks were required to fully characterize the nature and extent of contamination. In
a letter dated June 21, 1991, EPA provided a general outline for additional tasks to
fulfill the data requirements. The letter also suggested that AWI prepare a
Focussed Feasibility Study to determine interim measures addressing potential
sources of contamination, such as "highly contaminated" soils and dense non-
aqueous phase liquid (DNAPL). During a meeting on July 16, 1991, EPA suggested
using the Multimedia Exposure Assessment Model (Multimed) (EPA, 1991) to
determine interim soil cleanup goals that are protective of groundwater.

This report describes the application of Multimed to the Portsmouth site and
develops interim soil cleanup goals for potential constituents of concern (PCOCs),
which were identified in the Public Health and Environmental Assessment (PHEA)
(Keystone, 1991). The remainder of Section 1.0 discusses background, approaches,
and lists PCOCs to be modeled for development of interim soil cleanup goals.
Section 2.0 discusses the site application objectives of the Multimed model; Section
3.0 discusses parameters defining the input and output files of the model; Section
4.0 discusses the use of the model output data in deriving site-specific interim soil
cleanup goals; Section 5.0 presents the results of the modeling, as well as the interim
soil cleanup goals derived from the model output; Section 6.0 presents the
uncertainties associated with the modeling efforts; and Section 7.0 summarizes the
highlights of this report.

1.1 Background
Analytical groundwater data acquired for the shallow, unconfined aquifer during the

Remedial Investigation revealed that detectable concentrations of PCOCs were
present in the groundwater.  These PCOCs include polycyclic aromatic

ENVIRONMENTAL RESOURCES, INC.
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hydrocarbons (PAHs) phenolics (including pentachlorophenol), volatile organic
compounds (VOCS), and metals (arsenic, copper and zinc). The PCOCs were
identified in the PHEA, that was performed as part of the Final Remedial
Investigation Report (Keystone, 1991) for the site. Analytical data acquired during
the Remedial Investigation also revealed the presence of the same classes of
PCOCGs, in addition to dioxins and furans, in the unsaturated zone soils above the
shallow aquifer. The presence of these PCOCs in the soil and groundwater implies
the possibility of downward vertical movement of organic leachate from the
unsaturated zone to the groundwater of the Columbia Aquifer. Once in the
groundwater, the transport of PCOCs from the saturated zone to potential receptor
domestic and industrial wells and the Elizabeth River becomes a likely scenario.
Although the aquifer is not currently being used as a potable water supply, it could
be used a such in the future. Domestic and industrial wells are therefore considered
to be potential receptors in a future scenario. The Elizabeth River is also
considered a potential environmental receptor for those PCOCs which have leached
from the soil into the shallow aquifer at the Portsmouth site.

For the purposes of the Focussed Feasibility Study, it becomes necessary to develop
interim soil cleanup goals that will be protective of groundwater and the Elizabeth
River. It has been suggested by EPA that this task be performed by applying EPA’s
Multimed Model to a designated source area at the Portsmouth site.

1.2  Approach

Multimed is a model that is capable of simulating PCOC release, in leachate form,
from a source (or designated area) at the site to soils directly beneath the source. In
addition, Multimed can be used to further simulate PCOC fate and transport in the
unsaturated and saturated zones, followed by possible interception of the subsurface
plume by a specified receptor (e.g., a well or surface stream).

This section introduces the soil PCOCs for which interim soil cleanup goals will be
derived, and the approach for using Multimed in developing these interim cleanup
goals that are protective of the Columbia aquifer beneath the site and the Elizabeth
River.

ENVIRONMENTAL RESOURCES, INC.
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12.1 Soil PCOCs to be Modeled Using Multimed

The soil PCOCs for which interim cleanup goals will be developed that are
protective of the Columbia Aquifer and the Elizabeth River include the following:

polycyclic aromatic hydrocarbons (PAHs)

benzo(a)anthracene
benzo(a)pyrene
benzo(b)fluoranthene
benzo(k)fluoranthene
chrysene

dibenzo(a,h)anthracene
indeno(1,2,3-cd)pyrene

acenaphthene
acenaphthylene
anthracene
benzo(g,h,i)perylene
fluoranthene
fluorene
naphthalene
phenanthrene

pyrene

additional PAHs

2-methylnaphthalene
dibenzofuran

volatile organic compounds

benzene
toluene

styrene
total xylenes

Atlantic Wood/Multimedia Model Report

375600-08 LM/DCC#R0204 3/92

1-3

\KEYSL@SE



" phenolic compounds
pentachlorophenol
phenol
2,4-dimethylphenol
2-methylphenol
4-methylphenol

. dioxins/furans
2,3,7,8-tetrachlorodibenzo-p-dioxin

. metals
arsenic
copper
zinc

12.2 Groundwater Approach

Multimed will be used to establish interim soil cleanup goals protective of
groundwater beneath the Portsmouth site at a designated downgradient receptor
well location. Monitoring well MW-102, installed in the Columbia aquifer, at the
western side of the property, has been selected as the receptor well location,
because it is situated downgradient from a groundwater mound at the site and
PCOCs were detected in groundwater samples collected from this location. In
addition, it is more likely that property west of the site, rather than any other parts
of the site, may potentially undergo residential development in the future (AWI,
1992). The approach for using Multimed to establish interim soil cleanup goals
protective of the surficial Columbia aquifer involves the following steps: 1) model
assumed PCOC leachate concentrations from a designated source area, through the
unsaturated and saturated zones beneath the Portsmouth site, to predict
groundwater concentrations of PCOCs at receptor location MW-102; 2) derive
dilution-attenuation factors from the assumed initial leachate concentrations at the
source and the modeled groundwater concentrations at receptor location MW-102;
3) multiply the dilution-attenuation factors (derived in step 2) by groundwater
performance standards for the PCOCs to obtain targeted PCOC leachate

Atlantic Wood/Multimedia Model Report
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concentrations at the source; and 4) apply simple mathematical partitioning to the
target PCOC leachate concentrations to derive corresponding soil concentrations at
the source (interim soil cleanup goals).

A more descriptive and detailed discussion of the approach for establishing interim
soil cleanup goals protective of the Columbia aquifer beneath the site is provided in
Section 4.0 of this report.

1.2.3 Elizabeth River Approach

The approach for using Multimed to establish interim soil cleanup goals protective
of the Elizabeth River involves the following steps: 1) model an assumed PCOC
leachate concentration from a designated source area, through the unsaturated and
saturated zones beneath the Portsmouth site, to predict groundwater concentrations
of PCOCs at the Elizabeth River; 2) derive dilution-attenuation factors from the
assumed initial leachate concentrations at the source and the modeled groundwater
concentrations at the Elizabeth River; 3) multiply an assumed river mixing
(dilution) factor by a set of targeted PCOC river concentrations (ambient water
quality criteria) to obtain targeted groundwater PCOC concentrations at the point
of groundwater discharge into the river; 4) multiply the dilution-attenuation factors
(derived in step 2) by the targeted groundwater PCOC concentrations (derived in
step 3) to obtain a targeted leachate concentration at the source; and 5) apply
simple mathematical partitioning to the target PCOC leachate concentrations to
derive corresponding soil concentrations at the source (interim soil cleanup goals).

The river mixing factor mentioned in the third step assumes a 50:1 dilution to the
PCOCs of the Elizabeth River. This factor, although very conservative, is
recommended by the State of Virginia for use in NPDES permits when flow data is
not available, as discussed in the PHEA (Keystone, 1991).

A more descriptive and detailed discussion of the approach for establishing interim
soil cleanup goals protective of the Elizabeth River is provided in Section 4.0 of this

report.

E
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1.3 Description of Multimed

The fate and transport of a PCOC(s) released from a source, when using Multimed,
is modeled incorporating the known responses of the PCOC to a number of complex
physical, chemical and biological processes the PCOC encounters as it moves in the
multimedia environment. These responses are incorporated as chemical-specific
variable input data by the model user. Other variable input data, such as source-
specific and aquifer-specific data, must also be incorporated by the user. For some
of the variable input data, the model provides the user with an option to either
manually specify values for the variable input data (constant input), or have the
model mathematically derive the variable input data from other constant input
(derived input).

After all relevant input data have been defined and the type of output desired has
been specified, the multimedia transport of each PCOC is mathematically simulated
by the model. An output file is then generated showing final concentrations of
specific constituents and any other pertinent information (i.e., times of
concentration occurrences or statistical distributions resulting from multiple
iterations). The final downgradient concentration(s) produced by the model can be
used to represent potential toxic exposure concentration(s) that may occur to human
and/or environmental receptors.

The following summarizes the functions of Multimed that can be used to establish
interim soil cleanup goals for the Portsmouth site:

= solutions for either of two sets of boundary conditions, gaussian or
patch, for saturated zone transport that specify concentration
distributions emanating from a source;

. steady-state modeling of flow and transport in the unsaturated and
saturated zones;

= transient-state modeling through the unsaturated and saturated zones,
as a function of time, to produce either maximum concentrations or

Atlantic Wood/Multimedia Model Report
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time-stepped concentrations at a designated downgradient receptor

location;

. deterministic simulations for steady-state and transient-state
modeling;

u Monte-Carlo simulations for steady-state modeling;

" generation of random numbers over multiple iterations using the

Monte-Carlo simulations; and

. performance of statistical analyses resulting from multiple iterations
of Monte-Carlo simulations.

Atlantic Wood/Multimedia Model Report
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2.0  SITE APPLICATION OBJECTIVES OF THE MULTIMED MODEL

This section discusses the specific capabilities and functions of Multimed that were
utilized to model leachate flow and transport in the unsaturated zone, and PCOC
dilution-attenuation during transport through the saturated zone beneath the
Portsmouth site. This section also provides a general discussion of some of the
equations used by Multimed that describe transport in both the unsaturated and
saturated zones. Finally, the assumptions and limitations inherent with each module
(unsaturated and saturated zone modules) of Multimed will be characterized.

For this report, the Multimed model was applied to the Portsmouth site using two
types of flow and transport simulations for development of downgradient
groundwater PCOC concentrations in the Columbia Aquifer, for each of the two
receptor locations (MW-102 and the Elizabeth River). These two simulations are
the deterministic and the Monte-Carlo simulations, and are being performed as
suggested by U.S. EPA Region III (U.S. EPA, 1991b).

Discussions of flow and transport in the unsaturated and saturated zones, as well as
descriptions of steady-state conditions, and deterministic and Monte-Carlo
simulations of Multimed are provided in the following subsections.

2.1 . Flow in the Unsaturated Zone

Multimed simulates flow in the unsaturated zone as a steady, downward flow to the
water table. The overall equation governing flow in the unsaturated zone is given by
a form of Darcy’s law (U.S. EPA, 1991a):

- Kok [ (81/62)-1] = O

where:

T the pressure head (m);

Zz
Ky

the depth coordinate (m);
the saturated hydraulic conductivity (m/yr);

NVIRONMENTAL RESOURCES, INC.
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Ky the relative hydraulic conductivity (dimensionless); and

Q

the percolation rate (m/yr).

The following lists the assumptions and limitations, as presented in the User’s
Manual (U.S. EPA, 1991a), on which the unsaturated zone flow model is based:

. Flow of the fluid phase is considered isothermal, one-dimensional and
governed by Darcy’s Law.

. The flow field is considered to be steady.

" The simultaneous flow of the second phase (i.e., air) can be
disregarded.

. Hysteresis effects are neglected in the specification of the

characteristic curves.
2.2  Transport in the Unsaturated Zone

The transport of PCOCs in the unsaturated zone is treated as a one-dimensional
problem with dispersion occurring in the vertical direction. Linear adsorption and
first-order decay of the PCOCs are also considered by the model as important fate
and transport mechanisms. The overall transport equation for the unsaturated zone
module can be expressed as (U.S. EPA, 1991a):

R,(§C/6t) = D,(62C/622) - V,(§C/562) - TuR,C,

where:
C = the dissolved phase PCOC concentration in the unsaturated
zone (mg/L);
D, = the dispersion coefficient in the unsaturated zone (m2/yr);

ENVIRONMENTAL RESOURCES, INC.

Atlantic Wood/Multimedia Model Report
37560008 LM/DCC#R0204 3/92 2-2 KEYSTONE



Ty

= the first-order degradation rate within the unsaturated zone

(1/yr);
= the unsaturated zone retardation factor (dimensionless);
B unsaturated zone seepage velocity (m/yr);
= time (yr); and

the vertical coordinate which is positive downwards (m).

The following lists the assumptions and limitations, as presented in the User’s
Manual (U.S. EPA, 1991a), on which the unsaturated zone transport model is

based:

The flow field within the unsaturated zone is steady-state.

Seepage velocity and other model parameters (e.g., the dispersion and
partition coefficients) are uniform in each layer. Each layer is
homogeneous and isotropic.

Transport is assumed to be strictly one-dimensional. Lateral and
transverse advection and dispersion are neglected.

Adsorption and decay of the solute may be described by a linear
equilibrium isotherm and a first-order decay constant, respectively.
The products of chemical and biochemical decay are neglected.

Each layer is approximated as being infinite in thickness. This
assumption is valid and introduces negligible errors if the ratio of
dispersivity to the layer thickness is small (< <1.0).

Atlantic Wood/Muitimedia Model Report
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2.3  Saturated Zone Transport

The three-dimensional solute transport equation on which the saturated zone
module is based can be expressed as (U.S. EPA, 1991a):

Dy(6°C/6x%) + Dy(6°C/6y%) + Dy(§2C/52°) - Vy(sC/6x) =

where:

Xz

Dy, Dy, D,

I's

Atlantic Wood/Muitimedia Model Report
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Ry(8C/8t) + RsTyC + Ry(qC/Be),

spatial coordinates in the longitudinal, lateral and
vertical directions, respectively (m);

dissolved concentration of PCOC (mg/L);

dispersion coefficients in the x, y and z directions,
respectively (mz/yr);

one-dimensional, uniform seepage velocity in the x
direction (m/yr);

retardation factor in  the saturated zone
(dimensionless);

elapsed time (yr);

effective first-order decay coefficient in the saturated
zone (1/yr);

net recharge outside the facility, percolating directly
into and diluting the PCOC plume (m/yr);

thickness of the saturated zone (m); and

effective  porosity for the  saturated zone
(dimensionless).
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The flow domain for the saturated zone is regarded as semi-infinite in the x-
direction, infinite in the y-direction, and finite in the z-direction.

Solution of the above equation requires selection of a boundary condition at the
source with respect to the distribution of the PCOC along the vertical source plane.
The boundary condition used for the Portsmouth site was a gaussian distribution of
PCOC concentrations in the lateral direction and uniform distribution over the
vertical mixing or source penetration depth (H). Figure 2-1 presents a schematic of
the flow domain for this boundary condition (U.S. EPA, 1991a). The maximum
dissolved concentration of the solute at the source occurs at the center of the
gaussian distribution. The spread of a plume away from a gaussian source is
considered by the model as the standard deviation of a gaussian distribution, ¢, and
can be approximated by the following:

o = W/
where: W = the width of the source.

The following lists the assumptions and limitations, as presented in the User’s
Manual (U.S. EPA, 1991a), on which the saturated zone transport model is based:

. A single aquifer with uniform thickness is modeled. The saturated,
porous medium properties are isotropic and homogeneous.

. The groundwater flow velocity is steady and uniform. This implies
that the recharge through the source and into the groundwater plume
is small in comparison with the natural (regional) flow. Also, the tidal
effects within the Columbia Aquifer are ignored by the model.

] PCOC degradation/transformation follows the first-order rate law
and is restricted to biodegradation and hydrolysis. Both processes
were assumed to be negligible, for conservatism, when modeling for
the Portsmouth site.
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POINT DOWNGRADIENT FROMN THE SOURCE AREA.

0" = STANDARD DEVIATION OF THE SOURCE (GAUSSIAN SPREAD), m.
X = LONGITUDINAL DIRECTION FROM SOURCE.
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B = AQUIFER THICKNESS, m.
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FIGURE 2-1

SCHEMATIC DIAGRAM OF THE GAUSSIAN SOURCE BOUNDARY
CONDITION FOR THE SATURATED ZONE TRANSPORT MODULE
OF THE MULTIMED EXPOSURE ASSESSMENT MODEL
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. PCOC adsorption follows a linear isotherm. Adsorption takes place
instantaneously and the adsorbed phase is in local equilibrium.

. The initial PCOC concentration in the Columbia Aquifer is zero.
2.4  Steady-State Conditions

Steady-state conditions in the model were used for the approximation of a system
mass balance in which water entering the flow system is balanced by the water
leaving the system. There is no significant temporal variation in the system. Thus,
the assumption of a steady-state system basically simplifies the mathematical
equations used in describing the flow and transport processes, and reduces the
amount of input data, since no information on temporal variability is necessary.

The assumption of steady-state flow and transport requires that the source be of
sufficiently large mass to ensure that the final downgradient PCOC concentration in
the groundwater is maintained at the receptor location. The source is assumed to
be continuous and constant, without source decay or any other temporal variation.

2.5 Deterministic and Monte-Carlo Simulations

The Multimed model was run within both a deterministic framework and a Monte-
Carlo framework for the steady-state conditions. In the deterministic framework,
each input variable is of fixed value and is assumed to have a fixed mathematical
relationship with the other variables. Each run of a deterministic model can result
in either the output of one maximum concentration or time-stepped concentrations
occurring over the modeled time interval.

The deterministic mode of the Multimed model should only be applied to a
particular modeling situation(s) in which all values for the input variables are
known, or can be assumed with a high level of confidence. If uncertainty in the
values of input variables exists, then the simulation(s) may be performed within the
Monte-Carlo framework, where the randomness and uncertainties of values
inherent with the modeled system can be evaluated.

Atlantic Wood /Multimedia Mode! Report
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The Monte-Carlo method provides a means of applying the known uncertainty
associated with an input variable to that variable. This uncertainty is expressed as a
cumulative probability distribution. For each uncertain input variable, a probability
distribution must be specified that best describes the frequencies of occurrences of
measured values for that variable. As the Monte-Carlo simulation is run over a
large number of iterations (the number of iterations is specified by the user) random
values generated from a specified probability distribution are assigned to the
variable. The probability distribution may be specified as uniform, logjg uniform,
normal, logjp normal, exponential, empirical, or the Johnson System of
distributions.  Relating the input variable to any one cumulative probability
distribution may be difficult. The difficulty arises from the fact that the specification
of a distribution for an input variable requires a large amount of site-specific data
on that variable that may not be available.

Atlantic Wood/Multimedia Model Report
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3.0 PARAMETERS DEFINING INPUT AND OUTPUT FILES OF MULTIMED

This section presents a summary of the values used in defining all input variable
parameters associated with the unsaturated and saturated zone modules, as well as
the options selected for generation of model output.

All values defining the input variable parameters used in the deterministic models
of the steady-state conditions assumed for the Portsmouth site are presented in
Tables 3-1 through 3-3. Likewise, all values defining the input variable parameters
used in the Monte-Carlo models of the steady-state conditions assumed for the
Portsmouth site are presented in Tables 3-4 through 3-7. Randomly generated
values for input variables not found in Tables 3-4 through 3-7 can be found in
Appendix B of this report. Tables 3-1 through 3-7 provide the following information
associated with the input data: the name of the variable; the units; numerical value
of the variable or range of values for an uncertain variable; type of value input (i.e.,
constant, derived, or distribution type); and the referenced source for the entered

value or range of values.

The type of values assigned to the deterministic, steady-state variables were constant
and derived inputs. The type of values assigned to the Monte-Carlo, steady-state
variables were constant inputs, derived inputs, or ranges of uniform distribution. A
uniform distribution of values was specified for select input variables due to the lack
of site-specific data. For a uniform distribution, only minimum and maximum
values must be specified. Other distributions (i.e., normal and lognormal) require
more information, such as a mean value and standard deviation, which was not
available for any of the input variables, due to the lack of site-specific data.

3.1  Input Values for Unsaturated Flow and Transport

Tables 3-1, 3-4, and 3-6 present the deterministic and Monte-Carlo steady-state
input values for variables associated with leachate flow and transport of PCOCs in
the unsaturated zone. Information from the RI Report (Keystone, 1991) indicates
the unsaturated zone beneath the source area generally consists of a silty, sandy soil
with some gravel present; this soil was modeled as a single layer. The thickness of

Atlantic Wood/Multimedia Model Report KEYSTONE
375600-08 LM/DCC#R0204 3/92 3-1 ENVIRONMENTAL RESOURCES. INC.



TABLE 3-1
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE UNSATURATED ZONE FOR MODELING TO MW-102 AND THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
DETERMINISTIC MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

INPUT
INPUT VARIABLE UNITS | VALUE TYPE COMMENTS
UNSATURATED ZONE MATERIAL VARIABLES
Depth of Unsaturated Zone ' m 1 CONSTANT n
Number of Layers - 1 CONSTANT )]
Saturated Hydraulic Conductivity cm/hr 4.42 CONSTANT )
Unsaturated Zone Porosity - 0.38 CONSTANT 3)
UNSATURATED ZONE FUNCTION VARIABLES
ALFA Coefficient l/em 0.075 CONSTANT 4)
Residual Water Content - 0.065 CONSTANT 5)
Van Genuchten Exponent - 1.89 CONSTANT “4)
UNSATURATED ZONE TRANSPORT VARIABLES
Bulk Density of Soil for Layer glce 1.49 CONSTANT 6)
Longitudinal Dispersivity of Layer m 0.042 DERIVED @)
Percent Organic Matter — 0.5 CONSTANT (8)
Thickness of Layer m 1 CONSTANT ()]

NOTES:

(1) Directly obtained or derived from information presented in the Atlantic Wood
Final Remedial Investigation Report, September 1991 (Keystone, 1991).
(2) Literature value obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-2, for sandy loam.
(3) Value obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-3. Represents average porosity
for sand (fine and coarse), gravel (fine and coarse), silt, and clay.
(4) Literature value obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-5, for sandy loam.
(5) Literature value obtained from Multimed User's Manual (U.S. EPA, 1991a), Table 64, for sandy loam.
(6) Literature value obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.

(7) Value obtained from the following calculation:
av = 0.02 + 0.022L,

where av = longitudinal dispersivity (unsaturated flow in the vertical direction)

L = depth of the unsaturated zone = Im

(8) Literature obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-7, for Group B soils.
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TABLE 3-2

SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO RECEPTOR WELL LOCATION MW-102
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
DETERMINISTIC MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.

PORTSMOUTH, VA

TABS3-13.WK! REVISED 06-Mar-92

INPUT
INPUT VARIABLE UNITS | VALUE TYPE COMMENTS
CHEMICAL-SPECIFIC VARIABLES
Acid Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT )]
Base Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT )
Biodegradation Coefficient (Sat. Zone) lyr 0 CONSTANT nH
Dissolved Phase Decay Coefficient lyr 0 CONSTANT (D
Distribution Coefficient, Kd - — DERIVED )
Neutral Hydrolysis Rate Constant lyr 0 CONSTANT (1)
Normalized Distribution Coefficient, Koc ml/g - CONSTANT (1)
Overall Chemical Decay Coefficient l/yr 0 CONSTANT 3)
Overall First-Order Decay Coefficient lyr 0 DERIVED )]
Reference Temperature C 25 CONSTANT (&)
Solid Phase Decay Coefficient l/yr 0 CONSTANT N
SOURCE-SPECIFIC VARIABLES
Area of Western Source sq.m. 8,260 CONSTANT (6)
Duration of Pulse yr - CONSTANT )
Infiltration Rate m/yr 0.317 CONSTANT @)
Initial Concentration of Leachate mg/L 100 CONSTANT 8)
Length Scale of Source m 90.88 DERIVED 6)
Near Field Dilution — >1 DERIVED )
Recharge Rate m/yr 0.317 CONSTANT ©)
Source Decay Constant l/yr 0 CONSTANT 3)
Spread of Contaminant Source m 15.1 DERIVED (10)
Width Scale of Source m 90.88 DERIVED (6)
AQUIFER-SPECIFIC VARIABLES
Angle off Centerline of Plume degree 0 CONSTANT (&)
Aquifer Porosity — 0.38 CONSTANT (1
Aquifer Thickness m 5.34 CONSTANT (©))]
Bulk Density glce 1.49 CONSTANT (12)
Distance to Receptor, Xr m 183 CONSTANT (13)
Groundwater Seepage Velocity m/yr - DERIVED (14)
Hydraulic Conductivity m/yr 442 CONSTANT ()
Hydraulic Gradient - 0.006 CONSTANT )
Longitudinal Dispersivity m 18.3 CONSTANT (15)
Mixing Zone Depth m — DERIVED (14)
Organic Carbon Content (Fraction), foc — 0.005 CONSTANT (16)
Particle Diameter cm 0.03 CONSTANT (17
Retardation Coefficient — - DERIVED (18)
Temperature of Aquifer C 18 CONSTANT )
Transverse Dispersivity m 6.1 CONSTANT (15)
Vertical Dispersivity m 1.02 CONSTANT (15)
pH — 6.5 CONSTANT (5)
3-1b
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TABLE 3-2 (CON'T.) ‘
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO RECEPTOR WELL LOCATION MW-102
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
DETERMINISTIC MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

NOTES FOR TABLE 3-2:

(1) Literature value obtained from Aquatic Fate Process Data for Organic
Priority Pollutants (U.S. EPA, 1982).

(2) Distribution coefficient (not presented by model output) was derived from the

following calculation:
Kd = Koc ¥ foc,
where Koc = normalized distribution coefficient
foc = organic carbon content (fraction)
(3) Conservative input value assumed.
(4) Value will be zero since it is derived from solid and dissolved phase
coefficients, which themselves were assigned a value of zero.
(5) Temporal factors are ignored under steady-state conditions.
(6) Area was designated as shown in Figure 3-1. Model assumed area is square,
approximated area at 8,260 sq.m, with length = width = 90.88 m.
(7) Infiltration and recharge rates selected for model represents minimum value derived from
Hydrological Evaluation of Landfill Performance (HELP) model.
(8) Assumed value. See Section 3.2.2 for discussion.
(9) Directly obtained or derived from information presented in the Atlantic Wood
Final Remedial Investigation Report, September 1991 (Keystone, 1991).
(10) Spread of gaussian contaminant source = width of source/6.
(11) Value represents mean of the mean porosity values for materials ranging from fine
sand to clay - Table 6-3, Multimed User’s Manual (U.S. EPA, 1991a).
(12) Literature value obtained from Muitimed User’s Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.
(13) Determined from Figure 3-1.
(14) Model-derived value unknown to user; not presented in model output (Appendix A).
(15) Longitudinal Dispersivity, aL = 0.1*Xr
Transverse Dispersivity = aL/3
Vertical Dispersivity = 0.056*aL
(16) No site~specific foc data available. Input value of 0.005 is 2 model default value
which falls within range of foc values derived from fom values obtained from Multimed
User's Manual, Table 6-7, for Group B soils using the following equation:
foc = fom/172.4.
(17) Mean particle diameter assumed from range given for medium sand in Table 6-10 of
Multimed User’s Manual (U.S. EPA, 1991a).
(18) Actual model-derived Rd value unknown to user; not presented in model output (Appendix A).
See discussion in Section 3.2.3.
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TABLE 3-3
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
DETERMINISTIC MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

INPUT
INPUT VARIABLE UNITS | VALUE TYPE COMMENTS
CHEMICAL-SPECIFIC VARIABLES
Acid Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT n
Base Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT 9]
Biodegradation Coefficient (Sat. Zone) l/yr 0 CONSTANT 9]
Dissolved Phase Decay Coefficient I/yr 0 CONSTANT (3]
Distribution Coefficient, Kd - - DERIVED (2)
Neutral Hydrolysis Rate Constant l/yr 0 CONSTANT )]
Normalized Distribution Coefficient, Koc ml/g — CONSTANT (1)
Overall Chemical Decay Coefficient l/yr 0 CONSTANT 3)
Overall First—-Order Decay Coefficient lyr 0 DERIVED 4)
Reference Temperature C 25 CONSTANT (5)
Solid Phase Decay Coefficient l/yr 0 CONSTANT (N
SOURCE-SPECIFIC VARIABLES
Area of Eastern Source sq.m. 10,000 CONSTANT (6)
Duration of Pulse yr - CONSTANT (5)
Infiltration Rate m/yr 0.317 CONSTANT 0]
Initial Concentration of Leachate mg/L 100 CONSTANT 8)
Length Scale of Source m 100 DERIVED 6)
Near Field Dilution — >1 DERIVED @)
Recharge Rate m/yr 0.317 CONSTANT 7
Source Decay Constant l/yr 0 CONSTANT 3)
Spread of Contaminant Source m 16.7 DERIVED (10)
Width Scale of Source m 100 DERIVED 6)
AQUIFER-SPECIFIC VARIABLES
Angle off Centerline of Plume degree 0 CONSTANT 5)
Aquifer Porosity - 0.38 CONSTANT an
Aquifer Thickness m 5.34 CONSTANT )
Bulk Density glcc 1.49 CONSTANT (12)
Distance to Receptor, Xr m 244 CONSTANT (13)
Groundwater Seepage Velocity m/yr - DERIVED (14)
Hydraulic Conductivity m/yr 320 CONSTANT %)
Hydraulic Gradient - 0.006 CONSTANT )
Longitudinal Dispersivity m 24.4 CONSTANT (15)
Mixing Zone Depth m - DERIVED (14)
Organic Carbon Content (Fraction), foc - 0.005 CONSTANT (16)
Particle Diameter cm 0.03 CONSTANT an
Retardation Coefficient — - DERIVED (18)
Temperature of Aquifer C 18 CONSTANT %)
Transverse Dispersivity m 8.13 CONSTANT (15)
Vertical Dispersivity m 1.37 CONSTANT (15)
pH — 6.5 CONSTANT (&)
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_ TABLE 3-3 (CON'T.)
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
DETERMINISTIC MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

NOTES FOR TABLE 3-3:
(1) Literature value obtained from Aquatic Fate Process Data for Organic
Priority Pollutants (U.S. EPA, 1982).
(2) Distribution coefficient (not presented by model output) was derived from the
following calculation:
Kd = Koc * foc,
where Koc = normalized distribution coefficient

foc = organic carbon content (fraction)
(3) Conservative input value assumed.
(4) Value will be zero since it is derived from solid and dissolved phase
coefficients, which themselves were assigned a value of zero.
(5) Temporal factors are ignored under steady—-state conditions.
(6) Area was designated as shown in Figure 3-1. Model assumed area is square,
approximated area at 10,000 sq.m, with length = width = 100 m.
(7) Infiltration and recharge rates selected for model represents minimum value derived from
Hydrological Evaluation of Landfill Performance (HELP) model.
(8) Assumed value. See Section 3.2.2 for discussion.
(9) Directly obtained or derived from information presented in the Atlantic Wood
Final Remedial Investigation Report, September 1991 (Keystone, 1991).
(10) Spread of gaussian contaminant source = width of source/6.
(I1) Value represents mean of the mean porosity values for materials ranging from fine
sand to clay - Table 6-3, Multimed User’s Manual (U.S. EPA, 1991a).
(12) Literature value obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.
(13) Determined from Figure 3-1.
(14) Model-derived value unknown to user; not presented in model output (Appendix A).
(15) Longitudinal Dispersivity, aL = 0.1*Xr
Transverse Dispersivity = aL/3
Vertical Dispersivity = 0.056*aL
(16) No site-specific foc data available. Input value of 0.005 is & model default value
which falls within range of foc values derived from fom values obtained from Multimed
User’s Manual, Table 6-7, for Group B soils using the following equation:
foc = fom/172.4.
(17) Mean particle diameter assumed from range given for medium sand in Table 6-10 of
Multimed User’s Manual (U.S. EPA, 1991a).
(18) Actual model-derived Rd value unknown to user; not presented in model output (Appendix A).
See discussion in Section 3.2.3.
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TABLE 34
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE UNSATURATED ZONE FOR MODELING TO MW-102

U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL

MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS

ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

INPUT
INPUT VARIABLE UNITS VALUE(S) TYPE COMMENTS
UNSATURATED ZONE MATERIAL VARIABLES
Depth of Unsaturated Zone m 0.613-1.33 UNIFORM 0)]
Number of Layers - 1 CONSTANT N
Saturated Hydraulic Conductivity cm/hr 1.0-150 UNIFORM 2)
Unsaturated Zone Porosity - 0.250 - 0.500 UNIFORM 2)
UNSATURATED ZONE FUNCTION VARIABLES
ALFA Coefficient 1/em 0.005 - 0.145 UNIFORM 3)
Residual Water Content - 0.034 - 0.100 UNIFORM )
Van Genuchten Exponent - 1.09 - 2.68 UNIFORM 3)
UNSATURATED ZONE TRANSPORT VARIABLES
Bulk Density of Soil for Layer glec 1.25-1.76 UNIFORM &)
Longitudinal Dispersivity of Layer m — DERIVED 6)
Percent Organic Matter — 0.180 - 1.30 UNIFORM @)
Thickness of Layer m 0.500 - 2.00 UNIFORM (1)

NOTES:
(1) Directly obtained or derived from information presented in the Atlantic Wood
Final Remedial Investigation Report, September 1991 (Keystone, 1991).
(2) Range of values recommended by Keystone Project Hydrogeologist.
(3) Literature values obtained from Multimed User's Manual (U.S. EPA, 1991a), Table 6-5, for sandy loam.
(4) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 64, for sandy loam.
(5) Literature values obtained from Multimed User’'s Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.
(6) Value obtained from the following calculation:
av = 0.02 + 0.022L,
where av = longitudinal dispersivity (unsaturated flow in the vertical direction)
L = depth of the unsaturated zone = Im
Derived values shown in Appendix B-2.
(7) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-7, for Group B soils.
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TABLE 3-5
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO RECEPTOR WELL LOCATION MW-102
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

INPUT
. |INPUT VARIABLE UNITS VALUE(S) TYPE COMMENTS

CHEMICAL~SPECIFIC VARIABLES
Acid Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT 1
Base Catalyzed Hydrolysis Rate 1/ M=-yr 0 CONSTANT Q)
Biodegradation Coefficient (Sat. Zone) I/yr 0 CONSTANT ¢)]
Dissolved Phase Decay Coefficient I/yr 0 CONSTANT )]
Distribution Coefficient, Kd -— — DERIVED 2)
Neutral Hydrolysis Rate Constant l/yr 0 CONSTANT (N
Normalized Distribution Coefficient, Koc ml/g 14.2 - 5,500,000 UNIFORM (1
Overall Chemical Decay Coefficient Hyr 0 CONSTANT 3)
Overall First-Order Decay Coefficient l/yr 0 DERIVED “4)
Reference Temperature C 25 CONSTANT (5)
Solid Phase Decay Coefficient lyr 0 CONSTANT )]

SOURCE-SPECIFIC VARIABLES
Area of Western Source sq.m. 8,260 CONSTANT (6)
Infiltration Rate m/yr 0.317 - 0.587 UNIFORM )
Initial Concentration of Leachate mg/L 100 CONSTANT 8)
Length Scale of Source m 90.88 DERIVED (6)
Near Field Dilution - 1 DERIVED @)
Recharge Rate m/yr 0.308 - 0.744 UNIFORM )]
Source Decay Constant lyr 0 CONSTANT 3)
Spread of Contaminant Source m 15.1 DERIVED (10)
Width Scale of Source m 90.88 DERIVED (6)

AQUIFER-SPECIFIC VARIABLES
Angle off Centerline of Plume degree 0 CONSTANT )
Aquifer Porosity - 0.26 - 0.57 UNIFORM (n
Aquifer Thickness m 4.57-6.10 UNIFORM )
Bulk Density glcc 1.25-1.76 UNIFORM (12)
Distance to Receptor, Xr m 183 CONSTANT (13)
Groundwater Seepage Velocity m/yr - DERIVED (14)
Hydraulic Conductivity m/yr 347 - 536 UNIFORM %)
Hydraulic Gradient - 0.0011 -0.0100 UNIFORM )
Longitudinal Dispersivity m 18.3 CONSTANT (15)
Mixing Zone Depth m - DERIVED (14)
Organic Carbon Conteat (Fraction), foc - 0.0010 - 0.0076 UNIFORM (16)
Particle Diameter cm 0.0004 - 0.2000 UNIFORM (17
Retardation Coefficient — - DERIVED (18)
Temperature of Aquifer Cc 16 - 25 UNIFORM 4)
Transverse Dispersivity m 6.1 CONSTANT (15)
Vertical Dispersivity m 1.02 CONSTANT (15)
pH — 6.00 -9.00 CONSTANT 5)
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TABLE 3-5 (CON'T.)
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO RECEPTOR WELL LOCATION MW-102
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

NOTES FOR TABLE 3-5:
(1) Literature values obtained from Aquatic Fate Process Data for Organic
Priority Pollutants (U.S. EPA, 1982).
(2) Distribution coefficient was derived from the following equation:
Kd = Koc * foc,
where Koc = normalized distribution coefficient

Foc = organic carbon content (fraction)

Model-derived values for Kd are presented in Appendix B-2.
(3) Conservative input value assumed.
(4) Value will be zero since it is derived from solid and dissolved phase

coefficients, which themselves were assigned a value of zero.
(5) Assumed value(s).
(6) Area was designated as in Figure 3-1. Model assumed area is square,

approximated area at 8,260 sq.m., with length = width = 90.88 m.
(7) Infiltration rates selected for model represents the minimum and maximum values

derived from the Hydrological Evaluation of Landfill Performance (HELP) model.
(8) Assumed value. See Section 3.2.2 for discussion.
(9) Directly obtained or derived from information presented in the Atlantic Wood

Final Remedial Investigation Report, September 1991 (Keystone, 1991),
(10) Spread of gaussian contaminant source = width of source/6. Values presented in Appendix B-3.
(11) Porosity values represent range from fine sand to clay - Table 6-3, Multimed User’s Manual (U.S. EPA, 1991a).
(12) Literature values obtained from Multimed User's Manual (U.S. EPA, 1991a), Table 6~8, for sandy loam.
(13) Determined from Figure 3-1.
(14) Model-derived values presented in Appendix B-4.
(15) Longitudinal Dispersivity, alL = 0.1*Xr

Transverse Dispersivity = aL/3

Vertical Dispersivity = 0.056*aL
(16) No site—specific foc data available. Input value range obtained from Multimed

User’s Manual, Table 6-7, for Group B soils using the following equation:

foc = fom/172.4.

(17) Particle diameter range assumed for particle types ranging from fine silt to coarse gravel,

given in Table 6-10 of the Multimed User’s Manual (U.S. EPA, 1991a).
(18) Actual model~derived Rd values are presented in Appendix B—4.
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TABLE 3-6

'SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING

PCOC LEACHATE FLOW AND TRANSPORT THROUGH

THE UNSATURATED ZONE FOR MODELING TO THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS

ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

INPUT
INPUT VARIABLE UNITS VALUE(S) TYPE COMMENTS
UNSATURATED ZONE MATERIAL VARIABLES
Depth of Unsaturated Zone m 0.500 - 2.00 UNIFORM 1
Number of Layers - 1 CONSTANT @)
Saturated Hydraulic Conductivity covhr 1.0 - 150 UNIFORM (2)
Unsaturated Zone Porosity - 0.250 - 0.500 UNIFORM 2)
UNSATURATED ZONE FUNCTION VARIABLES
ALFA Coefficient l/em 0.005 - 0.145 UNIFORM 3)
Residual Water Content — 0.034 - 0.100 UNIFORM (CY)
Van Genuchten Exponent -— 1.09 - 2.68 UNIFORM 3)
UNSATURATED ZONE TRANSPORT VARIABLES
Bulk Density of Soil for Layer glce 1.25-1.76 UNIFORM )
Longitudinal Dispersivity of Layer m - DERIVED 6)
Percent Organic Matter - 0.180 - 1.30 UNIFORM @)
Thickness of Layer m 0.500 - 2.00 UNIFORM ¢))

NOTES:

(1) Directly obtained or derived from information presented in the Atlantic Wood
Final Remedial Investigation Report, September 1991 (Keystone, 1991).

(2) Range of values recommended by Keystone Project Hydrogeologist.
(3) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-5, for sandy loam.
(4) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 64, for sandy loam.
(5) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.
(6) Value obtained from the following calculation:

av = 0.02 + 0.022L,

where av = longitudinal dispersivity (unsaturated flow in the vertical direction)

L = depth of the unsaturated zone = Im
Derived values shown in Appendix B-2.

(7) Literature values obtained from Multimed User’s Manual (U.S. EPA, 1991a), Table 6-7, for Group B soils.
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. TABLE 3-7
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

: INPUT
INPUT VARIABLE UNITS VALUE(S) TYPE COMMENTS
'[CHEMICAL-SPECIFIC VARIABLES

Acid Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT (€))
Base Catalyzed Hydrolysis Rate 1/M-yr 0 CONSTANT (hH
Biodegradation Coefficient (Sat. Zone) lyr 0 CONSTANT (1
Dissolved Phase Decay Coefficient I/yr 0 CONSTANT (1)
Distribution Coefficient, Kd - - DERIVED (2)
Neutral Hydrolysis Rate Constant /yr 0 CONSTANT (1)
Normalized Distribution Coefficient, Koc ml/g 14.2 - 5,500,000 UNIFORM (0]
Overall Chemical Decay Coefficient lyr 0 CONSTANT 3)
Overall First-Order Decay Coefficient l/yr 0 DERIVED 4)
Reference Temperature C 25 CONSTANT 5)
Solid Phase Decay Coefficient lyr 0 CONSTANT nH

SOURCE-SPECIFIC VARIABLES
Area of Eastern Source sq.m. 10,000 CONSTANT (6)
Infiltration Rate m/yr 0.317 - 0.587 UNIFORM @)
Initial Concentration of Leachate mg/L 100 CONSTANT (8)
Length Scale of Source m 100 DERIVED (6)
Near Field Dilution — 1 DERIVED @)
Recharge Rate m/yr 0.308 - 0.744 UNIFORM ®
Source Decay Constant lyr 0 CONSTANT 3)
Spread of Contaminant Source m 16.7 DERIVED (10)
Width Scale of Source m 100 DERIVED 6)

AQUIFER-SPECIFIC VARIABLES
Angle off Centerline of Plume degree 0 CONSTANT (5)
Aquifer Porosity - 0.26 - 0.57 DERIVED (1)
Aquifer Thickness m 4.57-6.10 UNIFORM 9)
Bulk Density glce 1.25-1.76 UNIFORM (12)
Distance to Receptor, Xr m 244 CONSTANT (13)
Groundwater Seepage Velocity m/yr - DERIVED (14)
Hydraulic Conductivity m/yr 142 - 3,780 UNIFORM %
Hydraulic Gradient — 0.0059 - 0.0068 UNIFORM 9)
Longitudinal Dispersivity m 244 CONSTANT (15)
Mixing Zone Depth m - DERIVED (14)
Organic Carbon Content (Fraction), foc — 0.0010 - 0.0076 UNIFORM (16)
Particle Diameter cm 0.0004 - 0.2000 UNIFORM (17
Retardation Coefficient — - DERIVED (18)
Temperature of Aquifer Cc 16 - 25 UNIFORM (5)
Transverse Dispersivity m 8.13 CONSTANT (15)
Vertical Dispersivity m 1.37 CONSTANT (15)
pH — 6.00 - 9.00 CONSTANT (5)
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TABLE 3-7
SUMMARY OF INTERIM INPUT PARAMETERS USED IN MODELING
PCOC LEACHATE FLOW AND TRANSPORT THROUGH
THE SATURATED ZONE OF THE COLUMBIA AQUIFER
TO THE ELIZABETH RIVER
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
MONTE-CARLO MODEL OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

NOTES FOR TABLE 3-6:
(1) Literature values obtained from Aquatic Fate Process Data for Organic
Priority Pollutants (U.S. EPA, 1982).
(2) Distribution coefficient was derived from the following equation:
Kd = Koc * foc,
where Koc = normalized distribution coefficient

Foc = organic carbon content (fraction)

Model-derived values for Kd are presented in Appendix B-2.
(3) Conservative input value assumed.
(4) Value will be zero since it is derived from solid and dissolved phase

coefficients, which themselves were assigned a value of zero.
(5) Assumed value(s).
(6) Area was designated as in Figure 3~1. Model assumed area is square,

approximated area at 10,000 sq.m., with length = width = [00 m.
(7) Infiltration rates selected for model represents the minimum and maximum values

derived from the Hydrological Evaluation of Landfill Performance (HELP) model.
(8) Assumed value. See Section 3.2.2 for discussion.
(9) Directly obtained or derived from information presented in the Atlantic Wood

Final Remedial Investigation Report, September 1991 (Keystone, 1991).
(10) Spread of gaussian contaminant source = width of source/6. Values presented in Appendix B-3.
(11) Porosity values represent range from fine sand to clay - Table 6-3, Multimed User’s Manual (U.S. EPA, 1991a).
(12) Literature values obtained from Multimed User's Manual (U.S. EPA, 1991a), Table 6-8, for sandy loam.
(13) Determined from Figure 3-1.
(14) Model-derived values presented in Appendix B—4.
(15) Longitudinal Dispersivity, al. = 0.1*Xr

Transverse Dispersivity = aL/3

Vertical Dispersivity = 0.056*aL
(16) No site-specific foc data available. Input value range obtained from Multimed

User’s Manual, Table 6-7, for Group B soils using the following equation:

foc = fom/172.4.

(17) Particle diameter range assumed for particle types ranging from fine silt to coarse gravel,

given in Table 6-10 of the Multimed User’s Manual (U.S. EPA, 1991a).
(18) Actual model-derived Rd values are presented in Appendix B—4.
(18) Actual model-derived Rd values are presented in Appendix B—4.
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this layer varies (approximately) from 0.5 to 2.0 meters on the eastern side of the
site. The thickness of this layer on the western side of the site varies
(approximately) from 0.613 to 1.33 meters. This range of values was used as input
for the Monte-Carlo, steady-state model. A value of 1.0 meter was assumed to be
the thickness of the unsaturated zone in the deterministic, steady-state models for
both the eastern and western areas of the site.

Values and value ranges for other input variables for the unsaturated zone module,
such as residual water content, saturated hydraulic conductivity, porosity, the ALFA
coefficient, and the Van Genuchten exponent were obtained from either the RI
Report (Keystone, September 1991) or the Multimed user’s manual (U.S. EPA,
1991a). The values assigned to these variables in the deterministic, transient-state
models are: 0.065 (unitless), 4.42 cm/hr , 0.38 (unitless), 0.075 (unitless), and 2.68
(unitless), respectively. The ranges for residual water content, saturated hydraulic
conductivity, porosity, the ALFA coefficient, and the Van Genuchten exponent used
in the Monte-Carlo, steady-state model are 0.034 to 0.100 (unitless), 1.00 to 150
cm/hr, 0.25 to 0.50 (unitless), 0.005 to 0.145 (unitless), and 1.09 to 2.68 (unitless),
respectively.

Values for the longitudinal dispersivity (ay) of the unsaturated layer was derived by
the model using the following equation (U.S. EPA, 1991):

ay = 0.02 + 0.022L.
Where: L = depth of the unsaturated zone.

For the deterministic, steady-state models, a value of 0.042m was entered for the
longitudinal dispersivity. For the Monte-Carlo, steady-state model, a value range
(of uniform distribution) of 0.031m to 0.064m was derived for longitudinal
dispersivity.

The range for percent organic matter (fym) in site soils was obtained from the
Multimed user’s manual (U.S. EPA, 1991a) for Group B soils (sandy loams). A
value for fom of 0.5 was used for the deterministic, transient-state models. A range
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of fom values with a minimum of 0.180 and a maximum of 1.30 was used for the
Monte-Carlo steady-state model.

3.2 Input Values for Transport in the Saturated Zone
32.1 Input Values for Chemical-Specific Variables

The values for the chemical-specific input variables associated with the PCOCs
selected for the Portsmouth site, were entered into the saturated zone module of the
Multimed model. Tables 3-2 and 3-3 present summaries of the chemical input
values used in the deterministic, steady-state models. Tables 3-5 and 3-7 present
summaries of the chemical input volumes used in the Monte-Carlo, steady-state

models.

Tables 3-2 and 3-3 provide values for the transport variables in the saturated zone
deterministic models for the development of output groundwater concentrations at
monitoring well MW-102 and the Elizabeth River, respectively.

Tables 3-5 and 3-7 provide values for the transport variables in the saturated zone
Monte-Carlo models for the development of output groundwater concentrations at
monitoring well MW-102 and the Elizabeth River, respectively.

Literature (U.S. EPA, 1982) indicates that the values for the acid and base catalyzed
hydrolysis rates and the neutral hydrolysis rate constant were equal to zero for all
modeled PCOCs. For the sake of conservatism, the biodegradation coefficient was
also assumed to be equal to zero. The model-derived input values for the solid and
dissolved phase decay coefficients, the overall chemical decay coefficient, and the
overall first-order decay coefficient were also equal to zero.

The values for the normalized distribution coefficients (constant input) and the
distribution coefficients (derived input) for the deterministic, steady-state models
are presented in Table 3-8. Values for the normalized distribution coefficient (kgc)
were obtained from literature (U.S. EPA, 1982). Under steady-state conditions,
varying values of Koc’s in both the deterministic and Monte-Carlo models will not

Atlantic Wood/Multimedia Model Report ; KEYSTONE
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TABLE 3-8
CALCULATION SUMMARY FOR DISTRIBUTION AND RETARDATION COEFFICIENTS
USED IN DEVELOPMENT OF INTERIM SOIL CLEAN-UP GOALS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

Input Variable: Effective
Fraction Normalized Porosity of
Organic Distribution Distribution Bulk Saturated Retardation
Carbon, Foc |CoefTicient, Koc| CoefTicient, Kd Density, p Zone, P CoefTicieat, Rd
Units: (unitless) (cm3/g) (cm3/g) (g/cm3) (unitless) (unitless)
Equation for Derivation: [Constant] [Constant] [Kd=Foc*Koc] [Constant] [Constant] |[[Rd=1+{Kd*p)/P)]
Parameter
Polynuclear Aromatic Hydrocarbons
Benzo(a)anthracene 0.005 | 1,380,000 6,900 1.49 0.38 27,056
Benzo(a)pyrene 0.005 5,500,000 27,500 1.49 0.38 107,830
Benzo(b)fluoranthene 0.005 550,000 2,750 1.49 0.38 10,784
Benzo(g,h,i)perylene 0.005 1600000 8000 1.49 0.38 31369
Benzo(k)fluoranthene 0.005 550,000 2,750 1.49 0.38 10,784
Chrysene 0.005 200,000 1,000 1.49 0.38 3,922
Dibenzo(a,h)anthracene 0.005 3,300,000 16,500 1.49 0.38 64,698
Indeno(123-cd)pyrene 0.005 1,600,000 8,000 1.49 0.38 31,369
Pyrene 0.005 38,000 190 1.49 0.38 746
Acenaphthene 0.005 4,600 23 1.49 0.38 91.2
Acenaphthylene 0.005 2,500 12.5 1.49 0.38 50.0
Anthracene 0.005 14,000 70 1.49 0.38 275
Fluoranthene 0.005 38,000 190 1.49 0.38 746
Fluorene 0.005 7,300 36.5 1.49 0.38 144
Naphthalene 0.005 940 4.7 1.49 0.38 194
Phenanthrene 0.005 14,000 70 1.49 0.38 275
Semivolatile Organic Compounds
2-Methylnaphthalene 0.005 940 4.7 1.49 0.38 19.4
Dibenzofuran 0.005 - — - -— —
Volatile Organic Compounds
Benzene 0.005 65 0.325 1.49 0.38 2
Toluene 0.005 300 1.5 1.49 0.33 7
Ethylbenzene 0.005 1100 5.5 1.49 0.38 23
Styrene 0.005 — — - — —
Total Xylenes (1) 0.005 166 0.83 1.49 0.38 4
Phenolic Compounds
Pentachlorophenol 0.005 53,000 265 1.49 0.38 1,040
Phenol 0.005 14.2 0.071 1.49 0.38 1
2,4-Dimethylphenol 0.005 96 0.48 1.49 0.38 3
2-Methylphenol 0.005 — - - - —
4-Methylphenol 0.005 — - — - -
Dioxina/Furans
2,3,7,8-TCDD 0.005 3300000 16500 1.49 0.38 64,698
Metals
Arsenic (2) 0.005 - 1.45 1.49 0.38 7
Arsenic (3) 0.005 — 5.0 1.49 0.38 21
Arsenic (4) 0.005 - 13.2 1.49 0.38 53
Copper (2) 0.005 - 1.4 1.49 0.38 6
Copper (3) 0.005 — 222 1.49 0.38 88
Copper (4) 0.005 — 333 1.49 0.38 1,307
Zinc (2) 0.005 - 0.1 1.49 0.38 1
Zinc (3) 0.005 — 16.4 1.49 0.38 65
Zinc (4) 0.005 — 8,000 1.49 0.38 31,369
NOTES:

(1) Kd value is for the meta-isomer.

(2) Kd value is mean of the minimum Kd values for As(III) and As(V). The Kd values for copper and zinc are the minimum values (Dragun, 1988).
(3) Kd value is the mean of the mean Kd values for As(III) and As(V). The Kd values for copper and zinc are mean values (Dragun, 1988).

(4) Kd value is mean of the maximum Kd values for As(II) and As(V). The Kd values for copper and zinc are the maximum values (Dragun, 1988)
— Not available. ’
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change the value of the final downgradient groundwater concentration(s).
Therefore, since the model requires a value, or range of values for this variable, the
K¢ of benzo(a)pyrene (5,500,000 cm’ /g) was arbitrarily selected and entered for
the deterministic runs and the range of Ky values for all PCOCs (14.2 to 5,500,000
cm3/g) was entered for the Monte-Carlo runs as a uniform distribution. The
distribution coefficient (Kj) was calculated from the entered K values and the
fraction of organic carbon (fo¢) by using the following relationship (U.S. EPA,
1991a):

K4 = Koc foc»

where fyc is an aquifer-specific variable. Uncertainty is associated with this value
due to the lack of site-specific data. Values for the fy. will be discussed in
conjunction with the other aquifer-specific parameters in Section 3.2.3. The values
for Kq were entered as model-derived input in both the deterministic and the
Monte-Carlo, steady-state models.

Model-derived values for K, as well as randomly generated values for Kg, used in
the Monte-Carlo, steady-state model are presented in Appendix B-3.

A reference temperature of 25°C was entered as a constant input value in both
model types.

322 Input Values for Source-Specific Variables

The values and value ranges for the source-specific input variables associated with
the source soils from which the PCOCs are modeled were entered into the saturated
zone module of Multimed. Tables 3-2 and 3-3 present summaries of input values
used in the deterministic, steady-state models. Tables 3-5 and 3-7 present
summaries of input values used in the Monte-Carlo, steady-state models.

Figure 3-1 shows the source areas to be modeled for the site. Two different source

areas were used for this modeling effort, one located in the eastern portion (eastern
source) of the Portsmouth site, the other in the western portion (western source) of
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the Portsmouth site. The western source is an area located within the wood storage
area above a groundwater mound, and is approximately 8,260 square meters in size.
The size of the western source area was selected to closely approximate the area
within the potentiometric contour outlining the groundwater mound which is
situated beneath the western portion of the site (see Figure 3-7 of the RI Report).
PCOCs originating at the western source will be modeled through the unsaturated
and saturated zones to receptor location MW-102. Information derived from
modeling PCOCs from the western source area to MW-102 will be used in
developing interim soil cleanup goals protective of the groundwater at MW-102.

The eastern source is an area located within the wood treating process area, and is
approximately 10,000 square meters in size. PCOCs originating at the eastern
source will be modeled through the unsaturated and saturated zones to the
Elizabeth River. Information derived from modeling PCOCs from the eastern
source area to the Elizabeth River will be used in developing interim soil cleanup
goals protective of marine organisms living in the river and the humans who may
consume those organisms.

In addition to the area of a source, the model requires that the length and width of
the source area also be entered as input values. This imposes an inherent restriction
in that the model perceives the source area as rectangular or square-shaped. For
this modeling effort, the length and width of the source were derived by Multimed
from the area of the source. The length of each side for each area was derived as
the square root of the area, thereby defining the geometry of each area to be square
shaped. The length of each side for the western and eastern source areas are 90.88
and 100 meters, respectively.

The initial concentration of the leachate for all PCOCs for both the deterministic
and the Monte-Carlo steady-state modeling efforts was assumed to be 100 mg/L
over the entire source area. This concentration was chosen arbitrarily, since the
purpose of using Multimed in developing interim soil clean-up goals is to simply
derive PCOC dilution-attenuation factors resulting from transport through the
unsaturated and saturated zones.

Atlantic Wood/Multimedia Mode! Report ; IW{WEXTSLISQLEE

375600-08 LM/DCC#R0204 3/92 3-5



Tables 3-2 and 3-S5 show that the modeled longitudinal distance from the western
source area to the receptor well location MW-102 is 183 meters. Tables 3-3 and 3-7
show that the modeled longitudinal distance from the eastern source area to the
river is 244 meters. The values used to describe the spread of the contaminant
plume from the western and eastern source areas (a gaussian source), 15.1 and 16.7
meters, respectively, are derived inputs for both model types. The equation used for
this derivation was discussed in Section 2.3.

A value range for the recharge rate used in the Monte-Carlo models were obtained
from the RI Report. An infiltration rate was theoretically derived using U.S. EPA’s
HELP (Hydrologic Evaluation of Landfill Performance) model. A value of 0.317
m/yr for the infiltration rate was derived using the HELP model by entering known
and default soil and climatological data for the Portsmouth site. This value was
entered into the deterministic models as the infiltration and recharge rates for both
source areas. A range of values, with an arbitrarily selected minimum of 0.001 m/yr
and a maximum of 0.317 m/yr, was used for the Monte Carlo models. A copy of the
HELP model output can be seen in Appendix C of this report.

32,3 Input Values for Aquifer-Specific Variables

The values and value ranges for the aquifer-specific input variables associated with
the shallow, unconfined Columbia aquifer that is beneath the Portsmouth site were
entered into the saturated zone module of Multimed. Tables 3-2 and 3-3 present
summaries of input values used in the deterministic, steady-state models. Tables 3-5
and 3-7 present summaries of input values used in the Monte-Carlo models.

This aquifer is one which consists of silty, sandy soil with some gravel and clayey silt;
approximately the same materials that are present in the unsaturated zone. The
aquifer thickness range considered for the Monte-Carlo, steady-state simulation in
both source areas is 4.57 to 6.10 meters. The constant input value that is used for
the deterministic, transient-state simulations is the average of the minimum and
maximum values for aquifer thickness, or 5.34 meters. The values for aquifer
thickness were obtained from the RI Report (Keystone, 1991). The values used in
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the models for the mixing zone depth were derived by the model, since no site-
specific data are available.

The porosity input value used for this aquifer was a constant input value (0.38) in
the deterministic, steady-state simulations. A range of values (0.26-0.59) of uniform
distribution representing porosities for materials ranging from fine sand to clay, was
used in the Monte-Carlo simulations. These values were obtained from Table 6-3 of
the Multimed User’s Manual (U.S. EPA, 1991a). Appendix B-5 presents the values
for porosity that were randomly generated over 500 iterations of the steady-state
models.

The range of values that is used in the Monte-Carlo models for the bulk density of
the aquifer material was obtained from literature (U.S. EPA, 1991a). The minimum
value for bulk density is 1.25 g/cc; the maximum value is 1.76 g/cc. The value for
bulk density used in the deterministic models represents the mean of the values for
sandy loams, or 1.49 g/cc.

The range of values that is used in the Monte-Carlo models for the particle
diameter of the aquifer material was obtained from literature (U.S. EPA, 1991a).
The minimum value for particle diameter used in the model is 0.0004 cm; the
maximum value is 0.2000 cm. The value for the particle diameter used in the
deterministic models, 0.03 cm, represents the mean particle diameter for medium
sand. This value was obtained from Table 6-10 of the Multimed user’s manual (U.S.
EPA, 1991a).

All values for hydraulic conductivity in the saturated zone beneath both source
areas were obtained from the RI Report (Keystone, 1991). In the deterministic
models of the western source area, an average measured value of 442 m/yr was used
for hydraulic conductivity. In the Monte-Carlo model for this area, a uniform
distribution was specified with minimum and maximum measured values of 347
m/yr and 536 m/yr, respectively. In the deterministic models of the eastern source
area, an average measured value of 820 m/yr was used for hydraulic conductivity.
In the Monte-Carlo model for this area, a uniform distribution was specified with
minimum and maximum measured values of 142 m/yr and 3,780 m/yr, respectively.
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The values used in both model types for the hydraulic gradient in the saturated zone
were also obtained from the RI Report (Keystone, 1991). In the deterministic
models of both areas, an average measured value of 0.006 was used for hydraulic
gradient. In the Monte-Carlo models, a uniform distribution was specified for both
the western and eastern source areas with measured value ranges of 0.0011 to 0.010
and 0.0059 to 0.0068, respectively. Water elevation measurements were made at
monitoring well MW-13 over a 24 hour period. The results of these measurements,
shown in Figure 3-8 of the RI Report showed no significant tidal influence on the
Columbia Aquifer. Therefore, the hydraulic gradient is not expected to be subject
to changes resulting from tidal fluctuations.

The values for groundwater seepage velocity were derived by the model during both
types of saturated zone simulations. The outputs for the deterministic models do
not indicate the actual groundwater seepage velocities used for simulating saturated
zone transport of PCOCs. The values derived by the model for groundwater
seepage velocities used during the Monte-Carlo simulations are presented in
Appendix B-4.

For the deterministic, transient-state models, a value of 0.005 for the fraction of
organic content (foc) was assumed arbitrarily. Due to the lack of site specific foe
values, a range of literature values (U.S. EPA, 1991a), with a minimum of 0.001 and
a maximum of 0.0076, was entered as a uniform distribution in the Monte-Carlo
steady-state model for Group B soils. Since the unsaturated and saturated zones
consist of similar materials, the fy¢ in the saturated zone was determined from the
percent organic matter (fom) assumed for the unsaturated zone (Section 3) by the
following relationship (U.S. EPA, 1991a):

foc = fom/172.4.

The retardation factor is used to determine the retardation, due to adsorption, of a
PCOC relative to the bulk mass of water transporting the PCOC (Freeze and
Cherry, 1979). The retardation factor (Rg) can be calculated from the following
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expression relating it to the bulk density (pp) and effective porosity (8) of the
aquifer material, and the distribution coefficient (Kg) of the PCOC:

Ry = I+ [(ppKa)/8].

Table 3-8 presents a summary of Rg values for each PCOC. This table also presents
the values of pp, K4 and @ that were used to calculated Rg,.

In the steady-state simulations, Rg becomes insignificant since it is assumed by the
model that each source area is of sufficient size and that the mass of chemical being
continuously released is large enough so as to maintain a constant downgradient
concentration at the receptor location, thereby forcing the system into equilibrium.
Since under steady-state conditions, varying Rg doesn’t change the final
downgradient concentration(s), no values were entered for this variable in either the
deterministic or Monte-Carlo models. Rather, the values for Ry were derived in
both sets of models. In the deterministic models, Rg was derived from the K¢
value entered for benzo(a)pyrene. In the Monte-Carlo models, a range of Rg values
were derived during each iterative simulation, from the K¢ values randomly
generated within the range of 14.2 to 5,500,000 cm> /g

The values entered into both the deterministic and Monte-Carlo models for
longitudinal dispersivity (ay ), transverse dispersivity (aT) and vertical dispersivity
(ay) were all constant input values derived as a fraction of the longitudinal distance
to the receptor location (X;), as described by the following equations (U.S. EPA,
1991):

ay, = 0.1Xy
at = ay/3.0; and
ay = 0.056af..

The values derived for ay, aT and ay for modeling to receptor well MW-102, were
18.3 meters, 6.10 meters and 1.02 meters, respectively.
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The values derived for aj, aT, and ay for modeling to the Elizabeth River were
24.4 meters, 8.13 meters and 1.37 meters, respectively.

The angle of the receptor location off of the center line of the modeled plume was
entered as zero for both the deterministic and Monte-Carlo, steady-state models.
The assumption here was that both downgradient receptors are located along the
center line of their respective plumes.

The well vertical distance is defined as the well screen depth expressed as a fraction
of the aquifer thickness (U.S. EPA, 1991), and can have values from 0 to 1. The
model assumes that the receptor location is a well. Because of this, the well screen
depth is perceived by the model as the vertical extent of contamination of the
aquifer at the receptor location. For both the deterministic and Monte-Carlo
models for each receptor location, a value of 1.0 was used for the modeled well
vertical distance, which assumes that the well vertical distance is approximately
equal to the aquifer thickness.

The last two aquifer-specific input variables to be discussed are the pH and
temperature of the groundwater in the aquifer. The pH was assumed to be 6.5 for
the deterministic models, and the pH value range (uniform distribution) was
assumed to be 6.0 to 9.0 for the Monte-Carlo, steady-state models. The temperature
of the groundwater in the shallow aquifer was assumed to be 18°C for the
deterministic, models and the temperature value range (uniform distribution) was
assumed to be 16°C to 25°C for the Monte-Carlo, steady-state models.

3.3  Selection of Multimed Output Options

There are two output options for a deterministic model in Multimed. The first
option allows for the print-out of a maximum downgradient concentration, which
would occur at the receptor location within a specified period of time. The second
output option allows for the print-out of a series of time-stepped downgradient
concentrations, which would occur at the receptor location over a specified period
of time.
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For the deterministic models of steady-state conditions at the Portsmouth site, the
output option was selected that would present the inputs, followed by the maximum
downgradient groundwater concentration that would be expected to occur over a
500-year time period. This concentration represents the modeled groundwater
concentration at the point of groundwater discharge from the Columbia Aquifer
into the Elizabeth River.

Under steady-state conditions,.the output groundwater concentration will be the
same for all PCOCs because the differences in retardation among PCOCs become
insignificant; therefore, only one set of Monte-Carlo simulations will be performed
for steady-state conditions. The output for the Monte-Carlo models of the steady-
state conditions at the site will be the standard Multimed statistical Monte-Carlo
print-out. This output will present, in addition to the inputs, the following
information regarding the modeled downgradient groundwater concentrations at the
receptor locations: the mean value; standard deviation; coefficient of variation;
minimum and maximum values; 50th, 80th, 85th, 90th, and 95th percentile values;
95 percent confidence intervals for each of the percentile values; a list of eleven
values spanning the range of modeled downgradient concentrations showing the
percent of time each value was equaled or exceeded, and the percent of time the
model spent in deriving concentration values that were between any two of the
listed eleven values; plots of a frequency distribution and a cumulative frequency
distribution for all of the generated downgradient concentrations; and finally, plots
of a frequency distribution and a cumulative frequency distribution for the top 20%
of the generated downgradient concentrations.

In addition to the standard Monte-Carlo output, print-outs of randomly generated
values for those variables designated to be model-derived, and those variables
associated with a large degree of uncertainty that were assigned a uniform
probability distribution will be presented in Appendix B of this report. The
downgradient groundwater concentrations at each receptor location (sat.out file)
will be listed in Appendix B-1; variables specific to unsaturated zone transport
(vtrnspt.var file) will be listed in Appendix B-2; chemical-specific (chemical.var file),
source-specific (source.var file) and aquifer-specific (aquifer.var file) variables will
be listed in Appendices B-3, B-4 and B-5, respectively.
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4.0 USE OF OUTPUT DATA FOR DERIVATION OF SITE-SPECIFIC SOIL
CLEANUP GOALS

This section presents the calculation procedures used in developing interim soil
cleanup goals for the Portsmouth site protective of the groundwater at monitoring
well MW-102 and the Elizabeth River.

As stated in previous sections, the purpose of Multimed in the development of
interim site-specific cleanup go‘als is the derivation of dilution-attenuation factors.
These derived factors are then used as multipliers for selected performance
standards at the receptor locations of interest.

The performance standards selected for each PCOC in the groundwater at MW-102
and Elizabeth River are presented in Table 4-1. The groundwater performance
standards in Table 4-1 are maximum contaminant levels (MCLs) and drinking water
equivalence levels (DWELs). The performance standards selected for the Elizabeth
River are ambient water quality criteria (AWQC) protective of 1) marine organisms
and 2) humans consuming aquatic organisms from the river. No AWQCs were
selected that would be protective of humans drinking the river water since this does
not seem to be a likely scenario in the vicinity of the Portsmouth site. Interim soil
cleanup goals protective of the Elizabeth River will therefore be developed for both
aquatic organisms in the river, and the humans who may consume those organisms.

Sections 4.1 and 4.2 discuss the calculation procedures for the development of
interim soil cleanup goals protective of the groundwater at monitoring well MW-102
and the Elizabeth River, respectively. These discussions will apply to all PCOCs,
except for PAHs.

Rather than developing interim soil cleanup levels for each PAH compound
individually, as with the other PCOCs, one interim soil cleanup goal for total PAHs
will be calculated that will be protective of the groundwater at monitoring well MW-
102, marine organisms in the Elizabeth River, and humans consuming organisms
from the Elizabeth River. The procedure for this calculation will be discussed in
Section 4.3.
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TABLE 4-1
SUMMARY OF PERFORMANCE STANDARDS, mg/L
PROPOSED FOR DEVELOPMENT OF INTERIM SOII. CLEANUP GOALS
PROTECTIVE OF GROUNDWATER AND THE ELIZABETH RIVER
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Elizabeth River
Performance Standards
Ambicat Water Quality Criteria
Protection

Groundwater Protection of

Performance of Humans Consuming
pCOC Standards Marine Organisms Marine Organisms
Total Polynuclear Aromatic Hydrocarboos 0.0001 (1) 0.3 (11 0.0000311 (8)
Scmivolatile Organic Compounds
2~-Methylnaphthalene NA NA NA
Dibenzofuran NA NA NA
Yolatile Organic Compounds
Benzene 0.005 (3) 0.7 (M) 0.04 (9)
Toluene 1 3 5 424 (9)
Ethyibenzene 0.7 (3) 0.43 (12) 328 9
Styrene 0.1 3 NA NA
Total Xylenes 10 3 NA NA
Phenolic Compounds
Pentachlorophenol 0.001 (3) 0.0079 (6) 29 (8)
Phenol 20 4) 5.8 (12) 4600 (8)
2.4-Dimethylphenol 0.7 (2 NA 2.3 (9
2-Methylphenol 1.78 (2) NA NA
4~-Methylphenol 1.78 (2) NA NA
Dioxins/Furans
2,3,7,8-TCDD 0.00000005 (1) NA 1.4000000000E-11 (8)
Mctals
Arsenic 0.0105 (2) 0.036 (6) 0.0000175 (8)
Copper [.3 (5 0.00029 (6) 1.3 (10)
Zinc 9 @ 0.086 (6) NA
NOTES:

(1) MCL - Proposed standard; Groundwater performance standard for total PAHs
is the proposed MCL for benzo(a)anthracene.

(2) Drinking Water Equivalence Level (DWEL) calculated from reference dose;
arsenic MCL of 0.05 is currently undcrgoing regulatory review.

(3) MCL - Final standard

(4) Drinking water equivalent level (DWEL)

(5) Copper - proposed MCL

(6) Ambicnt Water Quality Criteria - Chronic

(7) Lowest Observed Effect Level - Chronic

(8) Recalculated criteria (using IRIS, as of 9/90) for consumption of
organisms. Used where published criteria do nol exist.

(9) Published criteria for consumption of organisms.

(10) Recalculated criteria for consumption of water and organisms.

(11) Ambient Water Quality Criteria - Acule; no chronic AWQC available.

(12) Marine Chronic LOEL

NA Nonc available; interim soil cleanup goals cannot be developed.
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(5)  Finally, multiplication of Cj by the distribution coefficient (Kg),
results in a soil concentration at the source corresponding to the
interim soil cleanup goal. This partitioning is expressed as the
following:

Cs = Cl Kd.
4.3  Interim Soil Cleanup Goals for Total PAHs

The calculation for developing interim soil cleanup goals for total PAHs that are
protective of the groundwater at monitoring well location MW-102 and the
Elizabeth River is as follows:

(1)  The leachate concentration of total PAHs (CiTpAH) at the source is
calculated in the same manner as was done in Sections 4.1 and 4.2:

For protection of groundwater at MW-102,
CITPAH = CstaDAF;

For protection of the Elizabeth River,
CiITPAH = Cawqc *RM*DAF.

Since the MCLs and DWELSs for each PAH is different, the lowest
groundwater performance standard (0.0001 mg/L - proposed MCL for
benzo(a)anthracene) is being used for totals PAHs as a conservative
approach.

(2)  Since the calculation of an interim soil cleanup goal for total PAHs
(CsTPAH) must take into account the K of each PAH (K4qpaAH) as
well as the percent distribution of each individual PAH (%DpaAH)
across the area of interest, the following assumptions can be made
regarding the derivation of the interim soil cleanup goal.
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For each PAH,

(A) CpaH = CspaH/KiPAH,
where

(B) CspaH = CsTPAH*%DPAH.

Substitution of equation (B) into equation (A) yields the following
relationship:

(C) CipaH = (CsTPAH*%DPAH)/KiPAH:

For total PAHs, equation (C) becomes:
(D) CGrPaH = T [(CsTPAH*7DPAH)/KdPAH].

By moving GsTpAH outside of the summation and rearranging, the
following expression for the calculation of an interim soil cleanup goal
for total PAHs is obtained:

(E) CsTPaH = CitPaH =(KipAH/%DpAH).

Table 4-2 presents a summary of the adjusted distribution coefficients.
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. TABLE 4-2
CALCULATION SUMMARY OF ADJUSTED DISTRIBUTION COEFFICIENTS
FOR POLYCYCLIC AROMATIC HYDROCARBONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Mean
Percent Adjusted
Distribution Distribution Kd Value
(%D) Coefficient (Kd)
1) (Kd) @

Polynuclear Aromatic Hydrocarbon (%) {(cm3/g) (cm3/g)

Benzo(a)anthracene | 6.33 6900 109,005
Benzo(a)pyrene 5.33 27500 515,947
Benzo(b)fluoranthene 10.0 2750 27,500
Benzo(k)fluoranthene 9.72 2750 28,292
Chrysene 7.66 1000 13,055
Dibenzo(a,h)anthracene 1.55 16500 1,064,516
Indeno(1,2,3-cd)pyrene 3.01 8000 265,781
Acenaphthene 2.96 23 777
Acenaphthylene 1.45 12.5 862
Anthracene 5.75 70 1,217
Benzo(g,h,1)perylene 2.97 8000 269,360
Fluoranthene 15.6 190 1,218
Fluorene 3.23 36.5 1,130
Naphthalene 2.74 4.7 172
Phenanthrene 9.83 70 712
Pyrene 11.8 190 1,610

NOTES:
(1) %D for each PAH = (mean PAH conc./total mean PAH conc.)*100%

(2) Kd' = Kd/[(%D)/100]
4-6a
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5.0 RESULTS
5.1 Dilution-Attenuation Factors

Table 5-1 presents a summary of the dilution-attenuation factors (DAFs) that were
derived from the final downgradient groundwater concentrations estimated at two
receptor locations (MW-102 and the Elizabeth River) by the Multimed simulations
of steady-state flow and transport from the source areas of the Portsmouth site,
through the saturated and unsaturated zones. Table 5-1 shows that two DAFs were
determined for each receptor location. One DAF was derived based on the results
of a deterministic model, the other was derived based on the 95th percentile results
of a Monte-Carlo model of 500 iterative simulations.

The groundwater concentration of all PCOCs estimated at receptor location MW-
102 by the deterministic and Monte-Carlo simulations of steady-state conditions
were 838 mg/L and 223 mg/L, respectively. Since the original leachate
concentration was 100 mg/L, the corresponding DAFs derived from the results of
the deterministic and Monte-Carlo modeling efforts to receptor location MW-102
are 11.9 and 45, respectively.

The groundwater concentration of all PCOCs estimated at the point of groundwater
discharge to the Elizabeth River by the deterministic and Monte-Carlo simulations
of steady-state conditions were 8.52 mg/L and 10.2 mg/L, respectively. Since the
original leachate concentration was 100 mg/L, the corresponding DAFs derived
from the results of the deterministic and Monte-Carlo modeling efforts to the
Elizabeth River are 11.7 and 9.8, respectively.

The DAFs derived and summarized in Table 5-1 were used to calculate interim soil
cleanup goals for the Portsmouth site that are protective of 1) the groundwater at
monitoring well MW-102, 2) humans consuming aquatic organisms from the
Elizabeth River and 3) marine organisms in the Elizabeth River. These interim soil
cleanup goals are presented in Tables 5-2, 5-3 and 5-4, respectively.
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TABLE 5-1
SUMMARY OF DILUTION-ATTENUATION FACTORS FROM
FLOW AND TRANSPORT MODELS THROUGH
UNSATURATED AND SATURATED ZONES
U.S. EPA EXPOSURE ASSESSMENT MULTIMEDIA MODEL
STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA

Modeled
Final Groundwater
Assumed Concentration Modeled
Initial Leachate for Each PCOC Dilution-Attenuation
Concentration at Receptor Factor (2)
for Each PCOC Location for Each PCOC
at Source (1) MW-102 Elizabeth River MW-102 Elizabeth River
Model Type for Steady-State Conditions (mg/L) (mg/L) (mg/L) (unitless) (unitless)
Deterministic Models of PCOCs 100 8.38 8.52 11.9 1.7
Monte—Carlo Models of PCOCs (3) 100 2.23 10.2 45 9.8

NOTES:

(1) Initial leachate concentration at source location is in the unsaturated zone.
100 mg/L was assumed for modeling presentation.

(2) Dilution-attenuation factors will be used for calculation of interim soil
cleanup levels.

(3) Values presented for Monte—Carlo simulations represent the 95th percentile.
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TABLE 5-2

CALCULATION SUMMARY OF INTERIM SOIL CLEANUP GOALS
PROTECTIVE OF GROUNDWATER AT MONITORING WELL MW-102
DETERMINISTIC AND MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS
WESTERN SOURCE AREA
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Modeled Initial Leachate Interim Soil
Dilution- Concentration Cleanup Goal
Attenuation at at
Groundwater Factor Source Location Source Location
Performance (unitless) (mg/L) Distribution (mg/kg)
Standard |DeterministiciMonte—Carlo[DeterministiciMonte~Carlo| Coefficient {DeterministiciMonte-Carlo
PCOC (mg/L) Model Model (2) Model Model (2) | (cm*3/g) Model Model (2)
Total PAHSs (1) 0.0001 11.9 45 0.001 0.0045 | 2,301,155 2,738 10,355
Volatile Organic Compoundsi
Benzene 0.005 11.9 45 0.060 0.225 0.325 0.019 0.073
Toluene 1 11.9 45 11.9 45 1.5 17.9 67.5
Ethylbenzene 0.7 1t.9 45 8.3 31.5 5.5 45.8 173
Styrene 0.t 11.9 45 1.19 4.5 - - —
Total Xylenes 10 11.9 45 119 450 0.83 98.8 374
Phenolic Compounds
Pentachlorophenol 0.001 11.9 45 0.012 0.045 265 3.15 1.9
Phenol 20 11.9 45 238 900 0.071 16.9 63.9
2,4-Dimethylphenol 0.7 11.9 45 - 31.5 0.48 — —
2-Methylphenol 1.78 11.9 45 21.2 80.1 - — -
4-Methylphenol 1.78 11.9 45 21.2 80.1 - - -
Dioxins/Furans
2,3,7,8-TCDD 5.00E-08 11.9 45| 5.95E-07 | 2.25E-06 | 1.65E+04 | 9.82E-03 3.71E-02
Metals
Arsenic (3) 0.0105 11.9 45 0.125 0.473 1.45 0.181 0.685
Arsenic (4) 0.0105 11.9 45 0.125 0.473 5.0 0.625 2.36
Arsenic (5) 0.0105 11.9 45 0.125 0.473 13.2 1.65 6.24
Copper (3) 1.3 I1.9 45 15.5 58.5 1.4 21.7 81.9
Copper (4) 1.3 11.9 45 15.5 58.5 22.2 343 1,299
Copper (5) 1.3 11.9 45 15.5 58.5 333 5152 19,481
Zinc (3) 9 [1.9 45 107 405 0.1 10.7 40.5
Zinc (4) 9 11.9 45 107 405 16.4 1756 6,642
Zinc (5) 9 11.9 45 107 405 8,000 856,800 | 3,240,000
NOTES:

(1) PAHs - polycyclic aromatic hydrocarbons.
Performance standard for total PAHs, 0.0001 mg/L (benzo(a)anthracene), represents the most conservative performance standard

of all PAHs.

The value for total PAHs entered into the Kd column, 2,301,155 cm3/g, was derived as the sum of each Kd value weighted by the

percent distribution of each PAH (see Table 4-2, sum Kd').

(2) Interim soil cleanup goals presented for the Monte-Carlo model represent the 95th percentile.
(3) Interim soil cleanup goal presented represents a minimum value based upon range of Kd values (Dragun, 1988).

(4) Interim soil cleanup goal presented represents a mean value based upon range of Kd values (Dragun, 1988).

(5) Interim soil cleanup goal presented represents a maximum value based upon range of Kd values (Dragun, 1988).
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TABLE 5-3
CALCULATION SUMMARY OF INTERIM SOIL CLEANUP GOALS
PROTECTIVE OF HUMANS CONSUMING AQUATIC ORGANISMS FROM ELIZABETH RIVER
DETERMINISTIC AND MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS
EASTERN SOURCE AREA
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Modeled [nitial Leachate Interim Soil
Dilution- Concentration Cleanup Goal
Attenuation at at
Groundwater| River Factor Source Location Source Location
Performance| Mixing (unitless) (mg/L) Distribution (mg/kg)
Standard Factor (DeterministicMonte-Carlo|Deterministic{Monte~Carlo| Coefficient [Deterministic{Monte—Carlo

PCOC (mg/L) |(unitless) Model Model (2) Model Model (2) | (cm*3/g) Model Model (2)
Total PAHs (1 0.0000311 50 11.7 9.8 0.018 0.015 | 2,301,155 41,866 35,067
Volatile Organic Compounds

Benzene 0.04 50 1.7 9.8 23.4 19.6 0.325 7.61 6.37

Toluene 424 50 1.7 9.8 248,040 207,760 1.5 372,060 311,640

Ethylbenzene 3.28 50 11.7 9.8 1.919 1,607 5.5 10,553 8.840
Phenolic Compounds

Pentachlorophenol 29 50 11.7 9.8 16,965 14,210 2651 4,495,725 3,765,650

Phenol 4,600 50 11.7 9.8 2,691,000 | 2,254,000 0.071 191,061 160,034

2,4~-Dimethylphenol 2.3 50 11.7 9.8 1,346 1,127 0.48 — —
Dioxins/Furans

2,3,7,8-TCDD 1.40E-11 50 11.7 9.8 | 8.19E-09 | 6.86E-09 | 1.65E+04 1.35E-04 1.13E-04
Metals

Arsenic (3) 0.0000175 50 11.7 9.8 0.010 0.009 1.45 0.015 0.012

Arsenic (4) 0.0000175 50 1.7 9.8 0.010 0.009 5.0 0.051 0.043

Arsenic (5) 0.0000175 50 11.7 9.8 0.010 0.009 13.2 0.135 0.113

Copper (3) 1.3 50 11.7 9.8 761 637 1.4 1,065 892

Copper (4) 1.3 50 1.7 9.8 761 637 22.2 16,883 14,141

Copper (5) 1.3 50 11.7 9.8 761 637 333 253,247 212,121
NOTES:

(1) PAHs - polycyclic aromatic hydrocarbons.
The value for total PAHs entered into the Kd column, 2,301,155 cm3/g, was derived as the sum of each Kd value weighted by the
percent distribution of each PAH (see Table 4-2, sum Kd").

(2) Interim soil cleanup goals presented for the Monte—Carlo model represent the 95th percentile.

(3) Interim soil cleanup goal presented represents a minimum value based upon range of Kd values (Dragun, 1988).

(4) Interim soil cleanup goal presented represents a mean value based upon range of Kd values (Dragun, 1988).

(5) Interim soil cleanup goal presented represents & maximum value based upon range of Kd values (Dragun, 1983).
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TABLE 54
CALCULATION SUMMARY OF INTERIM SOIL CLEANUP GOALS
PROTECTIVE OF MARINE ORGANISMS IN THE ELIZABETH RIVER
DETERMINISTIC AND MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS
EASTERN SOURCE AREA
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Modeled Initial Leachate Interim Soil
Dilution~ Concentration Cleanup Goal
Altenuation at at
Groundwater| River Factor Source Location Source Location
Performance| Mixing (unitless) (mg/L) Distribution (mg/kg)
Standard Factor |DeterministiciMonte—Carlo|Deterministic|Monte—Carlo| Coefficient Deterministic{Monte—Carlo
PCOC (mg/L) |(unitless) Model Model (2) Model Model (2) | (cm*3/g) Model Model (2)
Total PAHs (1 0.3 50 11.7 9.8 176 147 | 2,301,155 403,852,703 538,269,785
Volatile Organic Compounds
Benzene 0.7 50 11.7 9.8 410 343 0.325 133 111
Toluene 5 50 1.7 9.8 2,925 2,450 1.5 4,388 3,675
Ethylbenzene 0.43 50 1.7 9.8 252 211 55 1,384 1,159
Phenolic Compounds
Pentachlorophenol 0.0079 50 11.7 9.8 4.62 3.87 265 1,225 1,026
Phenol 5.8 50 11.7 9.8 3,393 2,842 0.071 241 202
Metals
Arsenic (3) 0.036 50 1.7 9.8 21.1 17.6 1.45 30.5 25.6
Arsenic (4) 0.036 50 1.7 9.8 21.1 17.6 5.0 105 88.2
Arsenic (5) 0.036 50 11.7 9.8 21.1 17.6 13.2 278 233
Copper (3) 0.00029 50 11.7 9.8 0.170 0.142 1.4 0.238 0.199
Copper (4) 0.00029 50 1.7 9.8 0.170 0.142 22.2 3.77 3.15
Copper (5) -0.00029 50 11.7 9.8 0.170 0.142 333 56.5 47.3
Zinc (3) 0.086 50 11.7 9.8 50.3 42.1 0.1 5 4
Zinc (4) 0.086 50 1.7 9.8 50.3 42.1 16.4 825 691
Zinc (5) 0.086 50 1.7 9.8 50.3 42.1 8,000 402,480 337,120
NOTES:

(1) PAHs - polycyclic aromatic hydrocarbons.
The value for total PAHs entered into the Kd column, 2,301,155 cm3/g, was derived as the sum of each Kd value weighted by the
percent distribution of each PAH (see Table 4-2, sum Kd’).

(2) Interim soil cleanup goals presented for the Monte~Carlo model represent the 95th percentile.

(3) Interim soil cleanup goal presented represents a minimum value based upon range of Kd values (Dragun, 1988).

(4) Interim soil cleanup goal presented represents a mean value based upon range of Kd values (Dragun, 1988).

(5) Interim soil cleanup goal presented represents a maximum value based upon range of Kd values (Dragun, 1988).
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5.2 Interim Soil Cleanup Goals Protective of Groundwater at MW-102

Table 5-2, shows interim soil cleanup goals for site PCOCs (total PAHs, volatile
organic compounds (VOCs), phenolics, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), arsenic, copper, and zinc) that are protective of the groundwater at
monitoring well MW-102.

Based on the results on the deterministic and Monte-Carlo modeling, Table 5-2
shows that the interim soil cleanup goals derived for total PAHs are 2,738 mg/kg
and 10,355 mg/kg, respectively. The interim soil cleanup goals derived for VOCs
from the results of the deterministic and Monte-Carlo modeling range from 0.019
mg/kg (benzene) to 98.8 mg/kg (total xylenes) and 0.073 mg/kg (benzene) to 374
mg/kg (total xylenes), respectively. The interim soil cleanup goals derived for
phenolics from the results of the deterministic and Monte-Carlo modeling range
from 3.15 mg/kg (PCP) to 16.9 mg/kg (phenol) and 11.9 mg/kg (PCP) to 63.9
mg/kg (phenol). Based on the results of the deterministic and Monte-Carlo
modeling, the interim soil cleanup goals derived for 2,3,7,8-TCDD are 0.00982
mg/kg and 0.0371 mg/kg, respectively. The interim soil cleanup goals derived for
arsenic from the results of the deterministic and Monte-Carlo modeling range from
0.181 mg/kg to 1.65 mg/kg and 0.685 mg/kg to 6.24 mg/kg. The interim soil
cleanup goals derived for copper from the results of the deterministic and Monte-
Carlo modeling range from 21.7 mg/kg to 5,152 mg/kg and 81.9 mg/kg to 19,481
mg/kg. The interim soil cleanup goals derived for zinc from the results of the
deterministic and Monte-Carlo modeling range from 10.7 mg/kg to 856,800 mg/kg
and 40.5 mg/kg to 3,240,000 mg/kg.

53 Interim Soil Cleanup Goals Protective of Humans Consuming
Aquatic Organisms from Elizabeth River

Table 5-3, shows interim soil cleanup goals for site PCOCs (total PAHs, volatile
organic compounds (VOCs), phenolics, 2,3,7,8-tetrachlorodibenzo-p-dioxin (2,3,7,8-
TCDD), arsenic, and copper) that are protective of humans consuming aquatic

organisms from the Elizabeth River.
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Based on the results on the deterministic and Monte-Carlo modeling, Table 5-3
shows that the interim soil cleanup goals derived for total PAHs are 41,866 mg/kg
and 35,067 mg/kg, respectively. The interim soil cleanup goals derived for VOCs
from the results of the deterministic and Monte-Carlo modeling range from 7.61
mg/kg (benzene) to 372,060 mg/kg (toluene) and 6.37 mg/kg (benzene) to 311,640
mg/kg (toluene), respectively. The interim soil cleanup goals derived for phenolics
from the results of the deterministic and Monte-Carlo modeling range from 191,061
mg/kg (phenol) to 4,495,725 mg/kg (PCP) and 160,034 mg/kg (phenol) to 3,765,650
mg/kg (PCP). Based on the results on the deterministic and Monte-Carlo
modeling, the interim soil cleanup goals derived for 2378-TCDD are 0.000135
mg/kg and 0.000113 mg/kg, respectively. The interim soil cleanup goals derived for
arsenic from the results of the deterministic and Monte-Carlo modeling range from
0.015 mg/kg to 0.135 mg/kg and 0.012 mg/kg to 0.113 mg/kg. The interim soil
cleanup goals derived for copper from the results of the deterministic and Monte-
Carlo modeling range from 1,065 mg/kg to 253,247 mg/kg and 892 mg/kg to
212,121 mg/kg.

5.4  Interim Soil Cleanup Goals Protective of Marine Organisms in the
Elizabeth River

Table 5-4, shows interim soil cleanup goals for site PCOCs (total PAHs, volatile
organic compounds (VOCs), phenolics, arsenic, copper, and zinc) that are protective
of marine organisms living in the Elizabeth River.

Based on the results on the deterministic and Monte-Carlo modeling, Table 5-4
shows that the interim soil cleanup goals derived for total PAHs are 403,852,703
mg/kg and 388,269,785 mg/kg, respectively. The interim soil cleanup goals derived
for VOCs from the results of the deterministic and Monte-Carlo modeling range
from 133 mg/kg (benzene) to 4,388 mg/kg (toluene) and 111 mg/kg (benzene) to
13,675 mg/kg (toluene), respectively. The interim soil cleanup goals derived for
phenolics from the results of the deterministic and Monte-Carlo modeling range
from 241 mg/kg (phenol) to 1,225 mg/kg (PCP) and 202 mg/kg (phenol) to 1,026
mg/kg (PCP). The interim soil cleanup goals derived for arsenic from the results of
the deterministic and Monte-Carlo modeling range from 30.5 mg/kg to 278 mg/kg
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and 25.6 mg/kg to 233 mg/kg. The interim soil cleanup goals derived for copper
from the results of the deterministic and Monte-Carlo modeling range from 0.238
mg/kg to 56.5 mg/kg and 0.199 mg/kg to 47.3 mg/kg. The interim soil cleanup
goals derived for zinc from the results of the deterministic and Monte-Carlo
modeling range from 5 mg/kg to 402,480 mg/kg and 4 mg/kg to 337,120 mg/kg.
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6.0 UNCERTAINTIES

This section discusses uncertainties inherent with the application of the Multimed
model to the Portsmouth site. This section does not include model assumptions and
limitations already discussed in Section 2.0.

6.1 Deterministic Model of Steady-State Conditions

For the deterministic models of steady-state conditions, literature values are used
for chemical and physical properties of individual PCOCs. These values may not be
appropriate for the actual existing conditions at the site. Many of the literature
values were obtained from laboratory conditions or field conditions different from
those at the site. Many site-specific conditions may cause the chemical and physical
properties and behaviors of the PCOCs to deviate from values reported in

literature.

In addition, the model evaluates chemicals separately. The behavior in the
environment of chemicals which are constituents of mixtures, such as PAHs in
creosote, may be different from their behaviors if these chemicals were present and
interacting individually with the environment.

6.2  Monte-Carlo Model of Steady-State Conditions

This model assumes a constant, non-decaying source of large area and sufficient
chemical mass to force the modeled system into steady-state conditions and
equilibrium, such that a constant downgradient groundwater PCOC concentration is
maintained at all times. In reality, however, the source strength may decay over
time as PCOCs migrate away (downgradient) from the source or degrade naturally.

An uncertainty associated with the Monte Carlo mode exists in the random
generation of values from a specified distribution. It is uncertain whether the model
considers interdependencies that may exist between or among many of the input
variables. For example, Ky values may, in reality, change with the changing pH of
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a system. This is probably ignored by the model, especially when K values were
entered as constant input.

Another consideration for uncertainty also exists in Monte-Carlo simulations. Since
there was a very limited base of site-specific data for each input variable, the
uniform probability distribution was best suited for the input variables because of
the degree of uncertainty associated with them. Hydraulic conductivity, for
example, is estimated to follow a log-normal distribution and application of a
uniform distribution may not be appropriate, but due to the lack of data for this
parameter, it was the only option available.

6.3 Overall Uncertainties

Other overall uncertainties associated with the use of the Multimed model for the

Portsmouth site include:

. There is insufficient aquifer-specific data for calibration of the model
to actual conditions beneath the site.

. Uncertainties exist in parameter estimation from literature values.
This is especially true if values are presented for a particular variable
-for different types or classifications of materials (i.e., soils), none of
which may adequately match the materials in the unsaturated and
saturated zones at the Portsmouth site.

= A high degree of uncertainty exists in the selection of a representative
location and size of each source area. The model assumes in this
report that the geometry of each source area is square, which in
reality may not represent the actual geometry of the area. Selection
of the area geometry will affect how the plume is modeled.
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7.0 SUMMARY

Application of the Multimed model to steady-state conditions at the Portsmouth site
resulted in two sets of interim soil cleanup goals that are protective of each of the
following: 1) the groundwater at receptor location MW-102; 2) marine organisms
inhabiting the Elizabeth River; and 3) humans consuming organisms from the
Elizabeth River. The two sets of interim soil cleanup goals were derived from
simulating steady-state conditions at the site using deterministic models and Monte-
Carlo models.

Using the deterministic model, one final downgradient concentration was obtained
from each modeling effort, which was then used in deriving a DAF, and
subsequently, interim soil cleanup goals. Each final downgradient groundwater
concentration developed by the deterministic model was accompanied by a warning
message indicating that the NMF (near field mixing factor) exceeded unity. EPA
Region III stated during a phone conversation (U.S. EPA, 1992) that this warning
message did not imply that the resulting concentration at the receptor was
erroneous. Derivation of interim soil cleanup goals using the results of the Monte-
Carlo simulations were performed using the 95th percentile downgradient
groundwater concentrations computed by the Multimed model.

Table 7-1 presents a summary of all interim soil cleanup goals derived for the
Portsmouth site. A comparison of the interim cleanup goals for organic PCOCs
indicated that the most conservative goals for both deterministic and Monte-Carlo
models were for protection of groundwater. Of these conservative goals, those for
benzene and dioxins (2378-TCDD) represented the most conservative values.
These interim goals derived for the protection of the groundwater at MW-102 from
benzene and 2378-TCDD in soils, using the deterministic model, were 0.019 mg/kg
and 0.00982 mg/kg, respectively. The interim soil cleanup goals derived for the
protection of the groundwater at MW-102 from benzene and 2378-TCDD in soils,
using the Monte-Carlo model, were 0.073 mg/kg and 0.0371 mg/kg, respectively.

The most conservative interim soil cleanup goals for the inorganic PCOCs were
derived for the protection of humans consuming arsenic in aquatic organisms from
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TABLE 7-1

SUMMARY OF INTERIM SOIL CLEANUP GOALS

PROTECTIVE OF GROUNDWATER AND THE ELIZABETH RIVER

ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA.

Interim Soil Cleanup Goals
Protective
of Humans Consuming Protective
Protective Aquatic Organisms of Marine Organisms
of MW-102 from in
Groundwater Elizabeth River Elizabeth River
(mg/kg) (mg/ke) (mg/kg)
DeterministiciMonte~Carlo| Deterministic [Monte—Carlo| Deterministic | Monte—Carlo

PCOC Model Model (2) Model Model (2) Model Model (2)
Total PAHs (1 2,738 10,355 41,866 35,067 403,852,703 | 338,269,785
Volatile Orpanic Compounds

Benzene 0.019 0.073 7.61 6.37 133 111

Toluene 17.9 67.5 372,060 311,640 4,388 3,675

Ethylbenzene 45.8 173 10,553 8,840 1,384 1,159

Styrene - - — - - -

Total Xylenes 98.8 374 — — — —
Phenolic Compounds

Pentachlorophenol 3.15 11.9 4,495,725 | 3,765,650 1,225 1,026

Phenol 16.9 63.9 191,061 160,034 241 202

2,4-Dimethylphenol - — - — — -~

2-Methylphenol - - - - — —

4-Methylphenol - - - — — —
Dioxins/Furans

2,3,7,8-TCDD 9.82E-03 | 3.7IE-02 1.35E-04 1.13E-04 — —
Metals

Arsenic (3) 0.181 0.685 0.015 0.012 30.5 25.6

Arsenic (4) 0.625 2.36 0.051 0.043 105 88.2

Arsenic (5) 1.65 6.24 0.135 0.113 278 233

Copper (3) 21.7 81.9 1,065 892 0.238 0.199

Copper (4) 343 1,299 16,883 14,141 3.77 3.15

Copper (5) 5152 19,481 253,247 212,121 56.5 47.3

Zinc (3) 10.7 40.5 — — 5 4

Zinc (4) 1756 6,642 - - 825 691

Zinc (5) 856,800 | 3,240,000 -— - 402,480 337,120
NOTES:

(1) PAHSs - polycyclic aromatic hydrocarbons.
Performance standard for total PAHs, 0.0001 mg/L (benzo(a)anthracene), represents the most conservative performa
standard of all PAHs.
The value for total PAHs entered into the Kd column, 2,301,155 cm3/g, was derived as the sum of each Kd value we
by the percent distribution of each PAH (see Table 4-2, sum Kd").

(2) Interim soil cleanup goals presented for the Monte—Carlo model represent the 95th percentile.

(3) Interim soil cleanup goal presented represents a minimum value based upon range of Kd values (Dragun, 1988).

(4) Interim soil cleanup goal presented represents a mean value based upon range of Kd values (Dragun, 1988).

(5) Interim soil cleanup goal presented represents a maximum value based upon range of Kd values (Dragun, 1988).

— Not Applicable.

7-la
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the Elizabeth River. The interim soil cleanup goal ranges derived for this scenario
using the deterministic and Monte-Carlo models were 0.015 mg/kg to 0.135 mg/kg
and 0.012 mg/kg to 0.113 mg/kg, respectively. It should be noted that several of the
interim soil cleanup goals derived by the model for arsenic, copper and zinc are
below the ranges of literature native soil concentrations that are presented in Table
4-2 of the RI Report; therefore, these goals do not seem realistic.

Several of the interim soil cleanup goals derived for organic and inorganic PCOCs
exceed one million parts per million. These include those developed using the
deterministic and Monte-Carlo models for PCP concentrations protective of humans
consuming aquatic organisms from the Elizabeth River (4,496,725 mg/kg and
3,765,650 mg/kg, respectively), the deterministic and Monte-Carlo models for total
PAH concentrations protective of marine organisms living in the Elizabeth River
(403,852,703 mg/kg and 33,269,785 mg/kg, respectively), and the Monte-Carlo
model for zinc concentrations protective of groundwater at MW-102 (3,240,000
mg/kg). Although, it is physically and chemically impossible to exceed one million
parts per million of any PCOC in soil, these numerically-derived values indicate that
the "no-action" remedial alternative for remediation of PCP, total PAHs, and zinc
would apply to the appropriate source soils under the previously mentioned

scenarios.

TONE

ENVIRONMENTAL RESQURCES, INC.
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APPENDIX A

U.S. EPA’S MULTIMEDIA EXPOSURE ASSESSMENT MODEL
DETERMINISTIC MODELS OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VIRGINIA SITE



v, S, CNVYIRONMENTAL PROTECTION AGENCY
EXPOSURE ASSESSMENT
MWULTIMEDIA MODEL

MULTIMED (Version 1.01, June 1991)

i

Run gptions

SOIL PCOCS: MODELED FROM WESTERN SOURCE (GROUNDWATER MOUND AREA) TO MW-102

FILE: DET102.INP/OUT
Chemical simulated is ALL PCOCS

Option Chosen Saturated and unsaturated zone models
Run was DETERMIN

Infiltration input by user

Run was steady-state

Reject runs 1f Y coordinate outside plume

Do not reject runs if I coordinate outside plume

Gaussian source used in saturated zone model

UNSATURATED ZONE FLOW MODEL PARAMETERS
(input parameter description and value)

NP - Total number of nodal points 240
NMAT - Number of different porous materials 1
KPROP - Van Genuchten or Brocks and Corey l

IMSHGN - Spatial discretization option 1



NYPLATK = AUd0Er J7 1ay&rs it Tiow @OQEL

OPTIONS CHOSEN

van Genuchten functional coefficients
User defined ccordinate systea
L

Layer information

1 1.00 i
DATA FOR MATERIAL |
YADOSE IQONE MATERIAL VARIABLES
JARIABLE NAME UNITS DISTRIBUTION OARAMETERS LINITS
MEAN STD DEV MIN MAX
Saturated hydraulic conductivity ca/hr CONSTANT 4.42 -999. 0.100E-10 £.100E+05
Unsaturated zone porosity .- CONSTANT 0.380 -999, 0.100E-08 0.990
Alr entry pressure head n CONSTANT 0.000£+00 -999. 0.000E+0C -999.
Deotn of the unsaturated zone 1} CONSTANT 1.00 -999. 0.100£-08 -999.
ORTA FOR MATERIAL |
YADOSE IONE FUNCTION VARIABLES
YARTABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
MEAN STD DEv MIN MAX
Residual water content -- CONSTANT 0.650E-01 -999. 0.100E-08 1.00
Brock and Corey exponent,EN -- CONSTANT 0.000£+00 -999. 0.000E4+00  10.0
ALFA coefficient t/ca CONSTANT 0.750E-01 -999. 0.000€+00 1.00
Van Genuchten exponent, ENN -- CONSTANT 1.89 -999. 1.00 5.00

UNSATURATED IONE TRANSPORT MODEL PARAMETERS

NLAY - Number of gdifferent layers used 1
NTSTPS - Number of time values concentration calc 40
DUMMY - Not presently used 1
ISOL - Type of scheme used in unsaturated zone 1
N - Stehfest terms or nuaber of increments 18
NTEL - Polints in tagrangian interpolation 3
NGPTS - Number of Gauss points 104
NIT - Convolution integral segments 2
IBOUND - Type of boundary condition 1
ITSGEN - Time values generated or input l

TMAX - Max siaulation time -- 0.
WTFUN - Weighting factor -- l

S

OPTIONS CHOSENM

Stehfest numerical inversion algoritha



MUINGL@y Ly GulLinduNS Jwel uT
Computer generated times for computing concentrations
l

DATA FOR LAYER I

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
NEAN §TD OEV MIN MAX
Thickness of layer i LONSTANT 1,00 ~999. 0.100E-08 -995.
Longltudinal dispersivity of layer m DERIVED -999. -999. 0.100£-02 0.100E+0S
Percent organic matter .- CONSTANT 0.500 -999. 0.000E+00 107,
Buik density of soil for laver g/cc CONSTANT 1.49 -999, 0.100€-01  5.00
Riclagical decay ccefficient tyr CONSTANT 0.000£+00 -999. 0.000€400 -993.
CHEMICAL SPECIFIC VARIABLES
YARTABLE NAME UNITS DISTRIBUTION PARAMETERS CIMITS
MEAN STO DEV MIN MAX
Solid onase decay coefficient tyr CONSTANT 0.000E+00 -999. 0.00GE+00 0.100£+11
Dissolved phase decay coefficient Liyr CONSTANT 0.000E+00 -999. 0.000E+00 0.100E¢1!
Overall chemical decay coefficient Wyr CONSTANT 0.000£+00 -999. 0.000£400 0.100£+1!1
Acid catalyzed nydrolysis rate 1/%-yr CONSTANT 0.000E+00 -999. 0.000£400 -999.
Neutral hydrolysis rate constant Lyr CONSTANT 0.000£+00 -999. 0.000E+30 -999.
Base catalyzed hydrolysis rate 1/m-yr CONSTANT 0.000£400 -999, 0,000E400 -999,
Reference teaperature C CONSTANT 25.0 -999. 0.000E+00  10C.
Normalized distribution coefficlient ml/q CONSTANT 0.550€+07 -999. 0.000£400 -959,
Distribution coefficient -- DERIVED -999. =999, 0.C00E+00 C.100E+!!
Biodegradation coefficient (sat. zane) Hyr CONSTANT 0.000E400 -999. 0.000£+00 -999,
Air diffusion coefficient cn2/s CONSTANT 0.000E+00 -999. 0.000E+00 19.0
Reference temperature for alr diffusion C CONSTANT 25.0 -999, 0.000E400 100,
Molecular weight g/M CONSTANT 0.000£+00 -999, 0.000£+00 -999.
Mole fraction of solute -- CONSTANT 0.000£+00 -999. 0.100€-08 1.00
Vapor pressure of solute an Hg CONSTANT 0.000E+00 -999. 0.000£400 100,
Henry's law constant atn-a"3/N CONSTANT 0.000£400 -999. 0.100€-09 1.00
Overall Ist order decay sat. zone L/yr DERIVED 0.000E+00 0.000E+00  C.000E+00 1.00
Not currently used CONSTANT -999. -999, 0.000€+00 1.00
Mot currently used CONSTANT -999. -999. 0.000E+00 1.00
SOURCE SPECIFIC VARIABLES
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN STD DEV MIN MAX
Infiltration rate a/yr CONSTANT 0.317 -999. 0.100E-09 0.100E+1!
Area of waste disposal unit A2 CONSTANT 0.826E404 -999. 0.100E-01 -999.
Duration of pulse yr CONSTANT 500. -999. 0.100£-08 -999.
Spread of contaminant source ] DERIVED -999, -999. 0.100€-08 0.100E+11
Recharge rate n/yr CONSTANT 0.317 -999. 0.000E400 0.100E+!!]
Scurce decay constant tyr CONSTANT 0.000E+00 -999. 0.000£400 -999.
Initial concentration at landfill ag/1 CONSTANT 100. -999. 0.000E+00 -999.
Length scale of facility ] DERIVED 90.9 -999. 0.100£-08 0.100E+11
Width scale of facility ] DERIVED 90.9 -999. 0.100£-08 0.100E+1]
Near field dilution DERIVED 1.00 0.000E400  0.000E+00  1.00

AQUIFER SPECIFIC YARIABLES



VARIABLE NANME UNITS DISTRIBUTION PARAMETERS LINITS

MEAN STD OEv MIN MAX
Particle diameter ca CONSTANT 0.J00€-01 -999. 0.10CE-08 100,
Aouifar porosity -- CONSTANT 0.380 -999, 0.100E-08 0.990
Bulk density g/cc CONSTANT 1.49 -999. 0.100E-01 S.00
Agquifer thickness ] CONSTANT 5.34 -999. 0.100E-08 0.100E+06
Source thickness (mixing zone depth) ) DERIVED -999, -999. 0.100€-08 0.100£+06
Conductivity (nydraulic) R/yr CONSTANT 442, -999, 0.100£-06 0.100£+09
Gradient {hydraulic) CONSTANT 0.600E-02 -999. 0.100€-07 -999.
Groundwater seepage velocity n/yr DERIVED -999. -999. 0.100E-09 0.100£+09
Retardation coefficient -- DERIVED -999. =999, 1.900 0.100€+40%
Longitudinal dispersivity n CONSTANT 18.3 -999. 0.100E-02 0.100E05
Transverse dispersivity n CONSTANT 6.10 =999, 0.100£-02 0.100E+05
vertical dlspersivity L I CONSTANT 1.02 -999. 0.100£-02 0.100E405
Temperature of aquifer ¢ CONSTANT 18.0 -999. 0.000E+C0 100,
pH .- CONSTANT 6.50 -999, 0.300 14.0
rqanic carpon content (fractien) CONSTANT 0.500E-02 -999. 0.100€-05  1.00
Well distance from site ] CONSTANT 183. -999, 1.00 -999.
Angle off center degree CONSTANT 0.000E+00 -999. ¢.000E+00 360,
Well vertical distance n CONSTANT 1.00 -999. 0.000E+00 1.00

CONCENTRATION AFTER SATURATED IONE MODEL 8.377
xxx WARNING **x Near field mixing factor Is greater than I.
Mixing factor = 4.87



U. S, ENVIRONMENTAL PROTECTION

EXPOSURE ASSESSHMENT
MULTINEDIA MOCEL

MULTIMED {Version L.01, June 1991}

l
Aun options

SOIL 9COCs: MODELED FROM EASTERN SOURCE (WQOD PROCESS AREA) TO ELIZABETH RIVER

FILE: DETER.INP/OUT
Chemical simulated is ALL PCOCS

Option Chosen Saturated and unsaturated zone models
Run was DETERMIN

Infiltration input by user

Run was steady-state

Reject runs if Y coordinate outside plume

Do not reject runs if I coordinate outside plume

faussian source used'in saturated zone model

UNSATURATED ZONE FLOW MODEL PARAMETERS
(input parameter description and value)

NP - Total number of nodal points 240
NMAT - Number of different porous aaterials 1
KPROP - Van Genuchten or Brooks and Corey i

IMSHGN - Spatial discretization option 1

AGENCY
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OPTIONS CHOSEN

van Genuchten functional coefficients
User definead coordinate system
i

tayer Information

1.00 1
DATA_FOR MATERIAL |
VADOSE IONE MATERIAL VARIABLES
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN STD DEV MIN HAX
Saturated hydraulic conductivity CR/fhr CONSTANT 4,42 -999, 0.100E-10 0.100E+05
Unsatyrated zone porosity -- CONSTANT 0.380 -999. 0.100£-08 0.990
Alr entry pressure head n CONSTANT 0.000E+00 -999. 0.000€+00 -999.
Depth of the unsaturated zone A CONSTANT 1.00 -999. 0.100€-08 -999.
DATA FQR MATERIAL |
YADOSE IONE FUNCTION YARIABLES
YARIABLE NAME UNTTS DISTRIBUTION PARAMETERS LIMITS
MEAN STD DEV MIN MAX
Residual water content -- CONSTANT 0.650E-01 -999. 0.100E-08 1.00
Brook and Corey exponent,EN .- CONSTANT 0.000E400 -999, 0.000E400 10.0
ALFA coefficient l/ca CONSTANT 0.750E-01 -999. 0.000£+00 1.00
Van Genuchten exponent, ENN -- CONSTANT 1.89 -999. 1.00 5.00

UNSATURATED IONE TRANSPORT MODEL PARAMETERS

NLAY - Number of different layers used

NTSTPS - Number of time values concentration calc 40
DUMMY - Not presently used 1
IS0L - Type of scheme used in unsaturated zone l
N - Stehfest terms or nusber of increaents 18
NTEL - Points in Lagrangian interpolation 3
NGPTS - Number of Gauss points 104
NIT - Convolution integral segments 2
IBOUND - Type of boundary condition {
[TSGEN - Time values generated or Input 1

TMAX - Max simulation time -- 0.0
WTFUN - Weighting factor -- 1.2

OPTIONS CHOSEN

Stenhfest numerical inversion algorithm



NOngecaylng COntlnuous SOurce
Computer generated times for computing concentrations

i
DATA FOR LAYER |
YADOSE TRANSPORT VARIABLES
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
MEAN STD DEV MIN MAX
Tnickness ¢f layer ] CONSTANT 1.00 -999, 0.100€-08 -9¢99,
Longitudinal dispersivity of layer ] DERIVED -999, -999. 0.100£-02 0.1002+05
Percent organic matter - CONSTANT 0.500 =999, 0.000£+00  100.
Bulk density of soil for layer a/cc CONSTANT 1.49 -999, 0.100E-01  5.0¢
Biological ¢ecay coefficient 1/yr CONSTANT 6.000E+00 -999. 0.000E+00 -939,
{
CHEMICAL SPECIFIC VARIABLES
YARTABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
MEAN STD DEV MIN MAX
Solid phase decay coefficient I/yr CONSTANT 0.000€+400 -999, $.0002+00 0.100E+11
Dissolvea phase decay coefficient Liyr CONSTANT 0.000E+00 -999. 0.000E+00 0.100E+11
Overall chemical decay coefficient t/yr CONSTANT 0.000£+00 -999. 0.000E+Q0 0.100Et11
Acic catalyzed hydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. 0.000E+00 -999,
Neutral hydrolysis rate constant I/yr CONSTANT 0.000E+00 -999. 0.000E+00  -999,
Base catalyzed hydrolysis rate 1/M=yr CONSTANT 0.000£+00 -999, 0.000E+00 -999.
Reference temperature C CONSTANT 25.0 =999, 0.000E+00 100,
Normalized distripution coefficient ml/g CONSTANT 0.550€407 -999. 0.000£+00 -999,
Distribution coefficient -- DERIVED -999, -999, 9.000E+00 0.1002+11
Biodegradation coefficient (sat. zone) t/yr CONSTANT 0.000£+00 -999. 0.000E+00 -999,
Alr diffusion coefficient cm2/s CONSTANT 0.000E+00 -999. 0.000£+400 10.0
Reference temperature for air diffusion C CONSTANT 25.0 -999. 0.000E+00  100.
Molecular weight g/ CONSTANT 0.000E+00 -999. 0.000E+9C -999.
Mole fraction of solute -- CONSTANT 0.000E+00 -999. 0.100E-08 1.00
vapar pressure of solute me Hg CONSTANT 0.000£+00 -999. 0.000£+00 100,
Henry's law constant atm-a"3/N CONSTANT 0.000E+00 -999. 0.100£-09 1.00
Qverall 1st order decay sat. zone 1yr DERIVED 0.000E+00 0.000E+00  0.000E+00 1.00
Not currently used CONSTANT -999. -999. 0,000£+00 1.00
Not currently used CONSTANT -999. -999. 0.000E¢00 1.00
l
SOURCE SPECIFIC VARIABLES
VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
MEAN STD DEV MIN MAX
[nfiltration rate alyr CONSTANT 0.317 -999. 0.100€-09 0.100E+11
Area of waste disposal unit "2 CONSTANT 0.100£405 -999. 0.100£-01 -999,
Duration of pulse yr CONSTANT 500. -999. 0.100€-08 -999.
Soread of contaminant source ] DERIVED -999, =999, 0.100E-08 0.100t+]!]
Recharge rate m/yr CONSTANT 0.317 -999. 0.000E+00 0.100E+11
Source decay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E+00 -999,
Initial concentration at landfill ag/1 CONSTANT 100. -999, 0.000E+00 -999.
Length scale of facility n CONSTANT 100. -999, 0.100E-08 0.100£+1!
Width scale of facility ] CONSTANT 100. 999, 0.100£-08 0.100E+1!
Near figld dilution DERIVED 1.00 0.000E+00  0.000£+00 1.00
1

AQUIFER SPECIFIC VARIABLES



VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS

MEAN STD DEV MIN NAX
Particle diameter ca CONSTANT 0.2208-01 -999. 0.100E-98 100,
Aguifer porosity -- CONSTANT 0.380 =999, 0.100E-08 (.99
Bulk density gjce CONSTANT 1.49 399, 0.100E-0L  S.¢0
Aguifer thickness ] CONSTANT 5.%4 -999, 0.100E-08 Z.100E+0s
Source thickness {mixing zone depth) ] DERIVED -399. =999, 0.100£-08 0.100€+06
Conauctivity thydraulic) miyr CONSTANT 820. -999, 0.100£-06 0.100E+04
Gradient (hydraylic) CONSTANT ©0.500E-92 -999. 0. 100€-07 -999.
Groungwatar seepags velocity miyr DERIVED -999, -999, 0.100E-09 0.100E+409
Retardation coefficiant -- DERIVED =999, 399, .90 ¢.100E+09
Longitudinal dlspersivity m CONSTANT 248 -999, 0.100E-02  G.100£+0¢
Transverse dispersivity n CONSTANT 8.13 -999. 0.100€-82 C.1G0E+0S
Vertical dispersivity (] CONSTANT 1.3 =993, 0.100E-02 C.100E+40%
Temperature of aquifer C CONSTANT 8.0 -999. 0.000E+00 100,
DH -- CONSTANT 6.%0 =999, 2.300 14.¢
Organplc carbon content (fraction! CONSTANT 0.503£-02 -999, ¢.100€-05 [.0%
Well distance from site m CONSTANT 244, -999, 1.00 -999,
Angle off canter degree CONSTANT 0.000E+00 -999. 0.000E+00 369,
Well vertical distance n CONSTANT [.% -999, 0.000E+00  1.00

CONCENTRATION AFTER SATURATED IONE MODEL 8.515
¥xx WARNING *x* Near field mixing factor is greater than 1.
Mixing factor = 2.99



APPENDIX B

U.S. EPA’S MULTIMEDIA EXPOSURE ASSESSMENT MODEL
MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS
ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VIRGINIA SITE



u. S. EXVIRONMENTAL PROTECTION

EXPOSURE ASSESSMENT

MULTINEDIA MODEL

NULTIMED (version 1.01, June 1991)

l
Run options

SOIL PCOCS: MODELED FROM WESTERN SOURCE (GROUNDWATER MOUND AREA) TO MCL02

FILE: MC102.INP/OUT
Chemical simulated is ALL PCOCs

Option Chosen Saturated and unsaturated zone models
Run was MONTE

Infiltration input by user

Nuaber of monte carlo simulations 500

Run was steady-state

Reject runs if Y coordinate outside plume

Do not reject runs if I coordinate outside plume
Gaussian source used in saturated zone model

UNSATURATED ZONE FLOW MODEL PARAMETERS
(input parameter description and value)
NP - Total number of nodal points 240
NNAT - Nuaber of different porous aaterials 1
KPROP - Van Genuchten or Brooks and Corev |

AGENCY



[MSHGN - Spatial discretization option 1
NVFLAYR - Number of layers in flow model 1

OPTIONS CHOSEN

van Genuchten functional coefficients
User defined coordinate system

DATA FOR MATERIAL |

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
NEAN STD DEV MIN HAX
Jaturated hydraulic conductivity ca/hr UNIFORM -999. -999. 1.00 150.
Unsaturated zone parosity -- UNTFORN -999, -999. 0.250 3.500
Alr entry pressure head m CONSTANT 0.000E+00 -999. 0.000E+00 -999.
Depth of the unsaturated zone ] UNIFORM -999. -999. 0.613 1.33

DATA FOR MATERIAL 1

YARIABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
mEN STD DEV MIN MAX
Residual water centent -- UNIFORM -999. -9399. 0.340E-01 0.100
Brock and Corey exponent.EN -- CONSTANT 0.000E+00 -999. 0.000E+00  10.0
ALFA coefficient 1/ca UNIFORM -999, -999. 0.500E-02 0.145
Yan Genuchten exponent, ENN -- UNIFORN -999. -999. 1.09 2.68

UNSATURATED ZONE TRANSPORT MODEL PARAMETERS

NLAY - Number of different layers used 1
NTSTPS - Number of time values concentration calc 40
DUMMY - Not presently used 1
IS0L - Type of scheme used 1n unsaturated zone 1
N - Stehfest terms or number of increments 18
NTEL - Points in Lagrangian interpolation 3
NGPTS - Number of Gauss points 104
NIT - Convolution integral segments 2
IB0UND - Type of boundary condition 1
ITSGEN - Time values generated or input 1

TMAX - Max siaulation time -- 0.
WTFUN - Weighting factor -~ 1

O

OPTIONS CHOSEN

Stehfest numerical Inversion algorithe
Nondecaying continuous source
Computer generated times for computing concentrations

DATA FOR LAYER |



enuuol T RANIPLR,L vAaRLADLIY

DR i i T

MEAN STD Ogv MIN NAX
Thickness of layer n CONSTANT 1.0¢ 995, 0.100£-08 -999.
Longitudinal dispersivity of layer " DERIVED -999, -999. 0.100E-02 0.100E+05
Percent organic matter - UNIFORM -999. =999, 0.180 1.30
Bulk density of soil for layer g/ce UNTFORM -999, =999, .28 1.76
Eiological decay coefficient 1/yr CONSTANT 0.000€+00 -999, 0.000E+00 -~999,

CHEMICAL SPECIFIC VARIABLES

YARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS

MEAN STD DEV MIN MAX
Sclid phase decay coefficient 1yr CONSTANT 0.000E+00 -999, 0.000£+00 C.100E+[]
Dissolved phase decay coefficient lyr CONSTANT 0.000E+00 -999, 0.000E+00 0.100E+1}
Overall chemical decay coefficient lyr CONSTANT 0.000E+00 -999. 0.0006+00 0.100E+4!1
Acid catalyzed nydroiysis rate 1/h=yr CONSTANT 0.000£400 -999, 0.000£+00 -999.
Neutral nyarolysis rate constant iyr CONSTANT 0.000£400 -999. 0.000E+00 -999.
Base catalyzed hyarolysis rate 1/M-yr CONSTANT 0.000£+00 -999. 0.000E+00 -999,
Reference temperature ¢ CONSTANT 25.0 -999. 0.000E+00 100,
Normalized distrioution coefficient mi/q UNIFORM ~999, ~999, 14.2 0.550E+07
Distribution coefficiant -~ DERIVED -999. -999, 0.0006400 0.100£+}!
Biodegradation coefficient (sat. zone) 1yr CONSTANT 0.000E+00 ~999. 0.000E400 -999.
Alr diffuslon coefficient Ch2/S CONSTANT 0.000E+00 ~999. 0.0008¢00 10.0
Reference temperature for air diffusion ¢ CONSTANT 25.0 -999. 0.000€+00 100,
Molecular weight g/n CONSTANT 0.000£+00 -999. 0.000€+00 -999.
Mole fraction of solute -- CONSTANT 0.000E400 -999. 0.100£-08 1.0
Vapor pressure of soiute an Hg CONSTANT 0.000£+00 -999. 0.000E400 100,
Henry's law constant atm-a"3/M CONSTANT 0.000£+00 -999. 0.100E-09 1.00
Overall 1st order decay sat. zone tyr DERIVED 0.000£400 0.000E+00  0.000E+00 1.00
Not currently used CONSTANT -999. -999. 0.000£+00 1,00
Not currently used CONSTANT -999. -999. 0.000€+00 [.00

SQURCE SPECIFIC VARIABLES

YARIABLE NAME UNITS OISTRIBUTION PARAMETERS LInITS

MEAR STD DEV MIN MAX
Infiltration rate ayr UNIFORM 399, -999, 0.100E-02 0.317
Area of waste disposal unit 22 CONSTANT 0.826E+04 -999, 0.100E-0F  -999.
Duration of pulse yr CONSTANT -999, -999. 0.100E-08 -999.
Spread of contaminant source [ DERIVED 999, -999. 0.100£-08 0.100E+11
Recharge rate a/yr UNIFORM -999. -999, 0.208 0.744
Source decay constant 1yr CONSTANT 0.000£+00 -999. 0.000E+00 -999.
Initial concentration at landfill 2g/1 CONSTANT {00. -999. 0.000E+00 -999,
Length scale of facility " DERIVED 90.9 -999, 0.100E-08 0.100E+11
Width scale of facility ] DERIVED 90.9 -999, 0.100E-08 0.100E+1!
Near field ¢ilution DERIVED 1.00 0.000E+00  0.000E+00 1.00

AQUIFER SPECIFIC VARIABLES

YARIABLE NAME UNITS DISTRIBUTION PARAMETERS LINITS
MEAN STO DEV MIN HAX

Particle ciameter ce UNTFORM -999, =999, 0.400E-03 0.200



i

1
i

HQUlTEr porosily
Bulk density

Aquifer thickness

Source thickness (mixing zone depth)
Conductivity (hydraulic]

Gradient (hydraulic)

Groundwater seepage velocity
Retardation coefficient

Longitudinal dispersivity

Transverse dispersivity

vertical dispersivity

Teaperature of aguifer

oH

drganic carbon content {fraction)
Well distance from site

Angle of f center

well vertical distance

FILE: MC102.INP/OUT

=999 UNABLE TO COMPUTE CONFIDENCE BOUND DUE TO INSUFFICIENT DATA

g/ce

n/yr

B/yr

O B 3 B
.

(]
deqree
m

2165 Values generated which exceeded the specified bounds.

----- RESU

YNLrukA
UNIFORM
UNIFORM
DERTVED
UNIFORM
UNTFORM
DERIVED
DERIVED
CONSTANT
CONSTANT
CONSTANT
UNIFORM
UNIFORM
UNIFORM
CONSTANT
CONSTANT
UNIFORM

LTS -eee-

SATURATED ZONE TRANSPORT
S0IL PCOCs: MODELED FROM WESTERN SOURCE (GROUNDWATER MOUND AREA: TO MCi02

N

HEAN

STANDARD DEVIATION
COEFFICIENT OF VAR
MINIMUM VALUE
HAXIMUM VALUE

50th PERCENTILE
80th PERCENTILE
85th PERCENTILE
90th PERCENTILE
95th PERCENTILE

IATION -

XY

500
.89
0.701
0.788
0.274E

3.02
0.172

1.45

1.70

1.96

2.23

=199, - 1YY,

-594. -999.
-999. -999.
-999. -999.
-999. 999,
-999. -999.
-999, -999.
-999. =999.
18.3 -999.
6.10 -999.
1.02 -999.
-999. =999,
=999, =999,
-999. -999.
182. -999,
0.000E+00 -999.
1.00 =399,

U.cov
1.2
4.57

0.100€-08
347,

0.110€-02
0.100€-09
1.00
0.100€-02
0.100€-02
0.100E-02
16.9
6.00
0.100£-02
1.00

(0.C00E+00

0.000£+00

=YY
176
6.10
0.100E+06
336.
0.100E-01
0.100E+09
0.100E+09
0.100€+05
0.100£+08
0.100E+05
25.0
9.00
9.760£-02
-999.
360.
1.0

95. PERCENT CONFIDENCE INTERVAL

03

0.673
1.38
1.57
1.79
2.14

YALUE

% OF TIME EQUALLED & OF TIME IN INTERVAL

OR EXCEEDED

0.274E-03

0.302

0.604

0.906

1.21

1.51

1.61

100.000

74.000

57.200

43.600

29.600

19.000

12.400

7.200

26.000

16.800

13.600

14.000

10.600

6.600

5.200

4.200
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i, S, ENVIRONMENTAL PROTECTION

EXPOSURE ASSESSHENT
WULTIMEDIA MODEL

HULTIRED (version 1.01, June 1991)

1
i

Run options

SQIL PCOCs: MODELED FROM WOOD PROCESS AREA 7O THE ELIZABETH RIVER

FILE: MCER.INP/OUT
Chemical simulated is ALL PCOCs

Option Chosen Saturated and unsaturated zone models
Run was MONTE

Infiltration input by user

Nusber of monte carlo simulations 500

Run was steady-state

Reject runs if Y coordinate outside plume

Do not reject runs if I coordinate outside plume
Gaussian source used in saturated zone model

UNSATURATED IONE FLOW MODEL PARAMETERS
(input parameter description and value)
NP - Total nuaber of nodal points 240
NMAT - Number of different porous materials 1
KPROP - Van Genuchten or Brooks and Corey l

AGENCY



dftonalN - Jpalidl Jusdidiicatiun Splidn N
NYFLAYR - Nuaper of layers-in flow model 1

OPTIONS CHOSEN

¥an Genuchten functional coefficients
User gefined coordinate system

OATA FOR MATERIAL |

VARTABLE NAME UNTTS DISTRIBUTION PARAMETERS JIMITS
MEAN STD DEv HIN MAX
Saturated hydraulic conductivity em/hr UNIFORM -995. =999, 1,00 150.
Unsaturated zone porosity -- UNIFORM -999, -999. 0.250 0.500
Alr entry pressure head a CONSTANT 0.000E+00 -959. 0.000E+00 -999.
pepth of the unsaturated :one m UNIFORM -989, =999, 0.500 2.00

DATA FOR MATERIAL |

YARIABLE NAME UKITS DISTRIBUTION PARAMETERS LINITS
MEAN STD DEV MIN NAX
Residual water content .- UNIFORM -995, -999, 0.340E-01 0.100
8roox and Corey exponent,EN -- CONSTANT 0.000E+00 -999. 0.000E+00 10.0
ALFA coefficient lfca UNIFORN -999. -399. 0.500€-02 0.145
van Genuchten exponent, ENN -- UNIFORM -99s, -999. 1.09 2.68

UNSATURATED ZONE TRANSPGRT MODEL PARAMETERS

NLAY - Number of different layers used

NTSTPS - Number of time values concentration calc 40
DUMMY - Not presently used 1
I30L - Type of scheme used in unsaturated zone 1
K - Stehfest terms or number of increments 18
NTEL - Points in Lagrangian interpolation 3
NGPTS - Number of Gauss points 104
NIT - Convolution integral segments 2
IBOUND - Type of boundary condition 1
ITSGEN - Time values generated or input 1

TMAX - Max simulation time -- 0.0
WTFUN - Weighting factor -- 1.2

OPTIONS CHOSEN

Stehfest numerical inversion algoritha

Nondecaying continuous source

Computer generated times for computing concentrations
1

DATA FOR LAYER |



(RULSE IRRASFUR) vARIABLlY

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN STO DEV MIN MAX
Thickness of layer ] CONSTANT 1.00 -399. 0.100€-08 -993.
Longitudinal dispersivity of layer m DERIVED -999. -999, 0.100E-02 0.100E408
Percent organic matter -- UNIFORM -999. 999, 0.130 1.30
Bulk density of soil for layer g/cc UNIFORM -999, -999. 1.25 1.76
Biological decay coefficient 1/yr CONSTANT 0.00CE+00 -999. 0.000E400 -999.

CHEMICAL SPECIFIC VARIABLES

JARIABLE NAME URITS DISTRIBUTIGN PARAMETERS LIMITS

' MEAN TG OEV HIN MaX
35lid phase decay coefficient I/yr CONSTANT 0.000£+00 -999. 0.000E+00 0.100E+11
Dissolved phase decay coefficient Uyr CONSTANT 0.000E400 -399. 0.000E+00 0.100£+11
Qverall chemical decay coefficient tyr CONSTANT 0.000€+00 -999. 0.000E4+0C 0.100E+1!
Acid catalyzed nhydrolysis rate 1/M-yr CONSTANT 0.000E+00 -999. 0.000£+00 -999.
Neutral hydrolysis rate constant Liyr CONSTANT 0.000£+00 -999, 0.000£+00 -399,
Base catalyzed hyarolysis rate 1/M-yr CONSTANT 0.000E+00 -999, 0.000E+00 -999.
Reference temperature ¢ CONSTANT 25.0 -999, 0.C00E+00 100,
Normalized distripution coetficient ml/g UNIFORNM -999, -999, 14.2 0.550E+07
Distribution coefficient -- DERIVED -399. 999, 0.000£+00 0.100E+1!
Biodegracation coefficient {sat. zone) lyr CONSTANT 0.000E+00 -999, 0.000E+00 -999.
air diffusion coefficient ca2fs CONSTANT 0.000£400 -999. 0.000E400 10.0
Reference temperature for air diffusion € CONSTANT 25.0 -999, 0.000E+00 100,
Molecular weight a/M CONSTANT 0.000€+00 -999. 0.000E+00 -999,
mole fraction of solute -- CONSTANT 0.000E+00 -999. 0.100E-08 1.00
vapoer pressure of solute an Hg CONSTANT 0.000£400 -999. ¢.000E+00  100.
Henry's law constant atr-a"3/M CONSTANT 0.000E+00 -999. 0.100€-09  1.0¢
Overall lst order decay sat. zone Lyr DERIVED 0.000£400 0.000E400  0.000E+00 1.00
Not currently used CONSTANT -999. -999, 0.000E400 ..00
Not currently used CONSTANT -999. -999. 0.000E+00 1.00

SOURCE SPECIFIC VARIABLES

YARIABLE NAME UNITS OISTRIBUTION PARAMETERS LINITS

MEAN STD DLV MIN MAX
Infiltration rate a/yr CONSTANT 0.317 -999, 0.100E-09 0.100£+11
Area of waste disposal unit N2 CONSTANT 0.100E+05 -999, 0.100E-01 -999.
Quration of pulse yr CONSTANT -999. -999. 0.100£-08 -999.
Soread of contaminant source ] DERIVED -999. -999. 0.100€-08 0.100E¢11
Recharge rate a/yr UNTFORM -999, -999, 0.308 0.744
Source gecay constant 1/yr CONSTANT 0.000E+00 -999. 0.000E400 -999.
Initial concentration at landfill g/l CONSTAKRT 100. -999. 0.000£400 -999.
Length scale of facility ] DERIVED 100, -999, 0.100E-08 0.100E+11
Width scale of facility a DERIVED 100. -999. 0.100E-08 0.100E+11
Near field dilution DERIVED 1.00 0.000E400  0.000£+00 1.00

AQUIFER SPECIFIC VARIABLES

VARIABLE NAME UNITS DISTRIBUTION PARAMETERS LIMITS
MEAN STD DEV NIN MAX

Particle diameter ce UNTFORM -999. -999, 0.400€-03 0.200



1
1

AQuUITEr porasity
Bulk density

Aquifer thickness

Source thickness (mixing zone depth)
Conductivity (hydraulic)

gradient (hydraulic)

Groundwater seepage velocity
Retardation coefficient

Longitudinal dispersivity

Transverse dispersivity

vertical dispersivity

Temperature of aquifer

pH

Organic carbon content (fractian)
Well distance from site

Angle of f center

Well vertical distance

FILE: MCER.INP/OUT

=999 UNABLE TO COMPUTE CONFIDENCE BOUND DUE TO INSUFFICIENT DATA

g/cc

UNLrukh

UNIFORM

[} UNIFORM
B DERIVED
n/yr UNIFORM
UNIFORM

m/yr DERIVED
-- DERIVED
] CONSTANT
R CONSTANT
] CONSTANT
C UNIFORM
-- UNIFORM
UNTFORM

n CONSTANT
degree CONSTANT
: UNIFORM

----- RESULTS -----

SATURATED IONE TRANSPORT
SGIL PCOCs: MODELED FROM WOOD PROCESS AREA TO THE ELIZABETH

N

MEAN

STANDARD DEVIATION
COEFFICIENT QF VAR
MINIMUM VALUE
MAXIMUM VALUE

50th PERCENTILE
80th PERCENTILE
85th PERCENTILE
50th PERCENTILE
95th PERCENTILE

IATION =

500
1.20
1.68
0.233
4.40
11.3
6.97
8.89
9.29
9.69
10.2

S117.
-999.
-999.
999,
=999,
999,
-999.
-999.

24.4

8.13

1.37
-399.
-999.
399,

244,

0.000£+00

1.00

RIVER

N
-999,
=999,
=999,
-999.
-999.
-999.
=999,
-999.
-999.
-999,
-999.
-999.
-999.
-999.
-999.
-999.

6.18
8.62
9.02
9.49
9.58

VALUE

§ OF TIME EQUALLED X OF TIME IN INTERVAL

OR EXCEEDED

100.000

100.000

100.000

100.000

91.800

66.000

45.600

29.400

0.000

0.000

0.000

8.200

25.800

20.400

16.200

13.200

V.wov
1.28
4.57

0.10CE-08
142,

0.590€-02
0.100E-09
1.00
G.100E-02
0.100€-02
0.100E-02
16.0
6.00
0.100E-02
1.00
$.000E+00
0.000£+00

7.1s
3.17
9.5l
3.90
10.5

1.78
5.10
L1J0E+06
.378E+04
.680€-02
.100E+09
L00E+09
.100E+05
LL00ES3
.100E+05
8.0
9.%0
0.760E-02
-999,
360.
1.0¢
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APPENDIX B-1

PRINT-OUTS OF SAT.OUT FILES FOR MONTE-CARLO MODELS
OF STEADY-STATE CONDITIONS



STERDY STATE SATURATED IONE TRANSPORT RESULTS

RUN NG. 1 CONC IS 0.4955£+00
RUN NO. 2 CONC IS 0.1978E+00
RUN NO. 3 CONC IS 0.4419E-01
RUN NO. 4 CONC I3 0.3955E+00
RUN NO. 5 CONC IS 0.1027E+01
RUN NO. 6 CONC IS 0.3032£+00
RUN NO. 7 CONC IS 0.5540£+00
RUN NO. § CONC IS 0.1374E~0L
RUN NO. 9 CONC IS 0.1056E+01
RUN NO. 10 CONC IE 0.1322E+01
RUN NO. 11 CONC IS 0.1711t+0]
RUN NO. 12 CONC I 0.1213E+01
RUN NO. 12 CONC IS 0.7056£+00
RUN NO.. 1a CONC IS 0.2484£+01
RUN NO. 15 CONC IS 0.9470E+00
RUN NO.  1¢ CONC IS 0.1338£+0}
RUN NO. 17 CONC IS 0.1845£+01
RUN NO. 18 CONC IS 0.6030£+00
RUN NO. 15 CONC IS 0.4580£+00
RUN NO. 20 CONC IS 0.53860f+0C
RUN NO. 1 CONC IS 0.8567€+00
RUN NO. 2 CONC IS 0.2122E+00
RUN NO. 23 CONC IS 0.4370E-03
RUN NO. 24 CONC IS 0.1188E+0l
RUN NO. 25 CONC IS 0.8790E+00
RUN NO. 26 CONC IS 0.3247E+00
RUN NO. 27 CONC IS 0.3140E+QC
RUN NO. 28 CONC IS 0.5871¢£-91
RUN NO. 29 CONC IS 0.1028E£+01
RUN NO. 10 CONC IS 0.8325E+00
RUN NO. 31 CONC IS 0.1424E401
RUN ND. 32 CONC IS 0.9784E+00
RUN NO. 33 COKC IS 0.7989E+00
RUN NO. 34 CONC IS 0.2795£+00
RUN NO. 35 CONC IS 0.2014E+00
RUN NO. 38 CONC IS 0.6079£+00
RUN NO. 37 CONC IS 0.6119€+00
RUN NO. I8 CONC IS 0.2107€+01
RUN NO. 39 CONC IS 0.4455E-0]
RUN NO. 40 CONC [S 0.8974E+00
RUN NO. 41 CONC IS 0.6257E+00
RUN NO. 2 CONC IS 0.4359€+00
RUN NO. 43 CONC IS 0.1245E+00
RUN NO. 44 CONC IS 0.2490E+00
RUN NO. 45 CONC IS 0.2133E+0%
RUN NO. 46 CONC IS 0.1043E+01
RUN NO. 47 CONC IS 0.1067E+00
RUN NO. 48 CONC IS 0.6319E400
RUN NO. 49 CONC IS 0.3354E+00
RUN NO. 50 CONC IS 0.2113E+00
RUN NO. 51 CONC IS 0.5742E400
RUN NO. 52 CONC IS 0.9015E+00
RUN NO. 53 CONC IS 0.2189E+01
RUN NO. 54 CONC [S 0.9395£+00
RUN NO. 55 CONC IS 0.1890£+00
RUN NO. 56 CONC IS 0.68S3E+00

RUN NO. 57 CONC IS 0.2476E400
RUN NO. 58 CONC IS 0.8920£+00
RUN NO. 59 CONC IS 0.7180E+00
RUN NO. 60 CONC IS 0.5837E+00
RUN NO. 61 CONC IS 0.9310£+00
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CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
COKC
CONC
CONC
CONC
CONC

0
IS0
[so
1890
[$ 0
IS0
[s0
IS¢
IS0
1§ 0.
IS0
50
1590
I8 9
50
890
0
150
$0.
IS0
159
IS0
[se
s 0
80
S
IS0
IS0
Is0
150
IS0
IS0
IS 9
1S9
IS0
IS 0
IS0
150
S 0.
I§9
IS0
IS 0
50
IS0
IS0
IS0
IS¢
IS 0
IS0
1§90
IS 0
I$ 0
I$0
150
IS0
IS0
[s0
I§ 0.
15 0.
IS 0.
[$ 0.
I8 0.
IS 0.
15 0.
1§ 0.
IS 0.

AL 2"
.2203E401
10462401
L2147E401
.S300E+00
. 1680E+01
.1558E401
.2253E+01
.2303E+400

§120E+00

.2090E+401
.4854£+00
.2378E+01
1394401
51722400
L1130E401
.4204E-91
0.2267£400

3456E+00

.B139E+00
47938400
.8106£-01
9712401
.1285E+01
(4537EH00
10978401
L1318€-01
L 75438700
L1031E-01
L2913E+00
99528400
.1018E+01
0.1261£+01
.3560E+00
17198400
.3651E+00
.1428£+00
796E401

1929€+00

71331E-01
.2017€+00
15828401
. 1556E+01
CLLTEH0L
L4633E+00
.1038E+01
L1787E+00
L2344E+00
L1734E401
. 23818401
.4316E-02
.3005E+01
2104E4+01
.8539E+0¢
.2150E+01
.9496E+00
L18T70E+0]

1200E+01
5T57E+00
8231E+00
1710E+00
3902E+00
1130E+01
7886€£+00
1793£+01
7826E+00



RN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUR
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUR
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUK

N,
NO.
NO.
NO.
NO.
NO.
NG,
NO.
NO.
NO.
NC.
NG.
NO.
NO.
N0,
NO.
NG.
NG,
NO.
NO.
NO.
0.
NC.
NO.
0.
NO.
NG.
NG.
0.
NG.
NC.
NG.
NO.
0.
NO.
NG,
NO.
NO.
NO.
NO.
NC.
NO.
NO.
NO.
NO.
NG.
NC.
k0.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NG.
KO.
NO.
NO.
NO.
NO.

w7TL
393
394
395
296
397
398
399
400
401
402
4§03
404
405
406
407
408
409
410
411
412
413
414
415
4le
417
418
419

20
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440
441
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457

LUNL
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
£ONC
CONC
CONC
conc
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

2V
18 0
150
1S 0
15 0
IS 0
5 0.
IS 0
15 0
150
15 0
1S 0
15 0
15 0.
15 0
150
159
1S 0
15 0
150
1$ 0
13 0
IS 0
IS 0
IS 0
IS 0
15 0
15 0.
IS 0
15 0
)
)
15 0
15 0
1S 0
15 0
150
15 0
150
I 0
15 0
15 0
IS 0.
1 0.
15 0.
1S 0.
15 0.
15 0.
15 0.
15 0.
15 0.
1S 0.
15 0.
I$ 0.
15 0.
15 0.
15 0.
1S 0.
15 0.
I8 0.
15 0.
IS 0.
15 0.
IS 0.
IS 0.
1S 0.

SeevitTyl
.6467E-02
.2938E+00
.8310£-02
.2058£+00
.9856£+00

6555E+00

L1014E401
J1391E+01
L1091E+01
LZL76E400
27628401
.1345E400

1757E+00

.5774€-01
L T639E450
19838401
.3B54E+00
306580
LIT12E400
0.9317£400
L1418E+0L
83758400
L1006E401L
23636401
. 16888401
L7761E400

1748E+401

20168401
17738401
.5043E400
21378408
4188E-01
17438400
AT228401
9168401
.1628£+00
.1856E+01
L1192E401
AT717E-02
.1200£+01
.1664E401

3018E+01
2621E+00
1321£+01
7099E+00
1939€+00
2368£+01
6076E+00
7363E+00
1360€+01
1694£-01
1090E+00
2801E+00
6294£+00
6603E-01
6408E-01
4661E£400
1580£+00
1121E400
1676£401
5175E+00
2436E-01
3239E+00
3073€-01
6274£-02



RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUM
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

U,
NO.
NG,
NO.
NO.
NC.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NO,
NG,
NO.
ND.
NO.
2.
NO.
NG,
NO.
NO.
NC.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.

430
459
460
461
462
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
48?2
483
484
485
486
487
488
489
490
491
492
493
494
495
496
497
494
499
500

LUNL
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

0wy
IS 0
150
IS0
IS0
IS0
[so
IS0
50
80
[50
IS0
IS0
I8
[59
IS0
[s0
IS0
[§9
IS5 0.
[59
IS 9
[S 9
1890
[s¢
IS¢
IS¢
IS0
IS0
150
IS0
IS0
150
IS0
I§0
IS0
50
IS ¢
IS 9
IS0
s 0.
IS 0.
I8 0.

St
.2564E-01
L5317€+00
.1355E+01
.8811£+00
.3020£+00
. 1668E+01
.1049E+01
.1290E+01
. 1844E£+01
.9919€-01
.5843E-02
3473801
17198401
L1648E+00
.6B0BE+OG
.5932€+00
.1708E+01
17536401

2918E+00

J1093E+01
.4305E+00
22238401
L9761E400
L9371E+00
(1981E+00
.2453E+0]
12256401
12758401
.5245€+00
21478401
.1664E401
L170LE+01
L9571E+00
L1668E+0L
L9346E+00
1391401
.2205E+91
.1198E-02
. 71805E-02

1450E+401
8781£+00
9289E+00



STEADY STATE SATURATED ZONE TRANSPORT RESULTS

RUN NO. 1 CONC IS 0.5689E+01
RUN NO. 2 CONC IS 0.1053€+02
RUN NO. 3 CONC IS 0.5677€+01
RUN NO. 4 CONC IS 0.5004E+01
RUN NO. 5 CONC IS 0.5079E+01
RUN NC. 6 CONC IS 0.7172€+01
RUN ND. 7 CONC IS 0.6490£+01
RUN NQ. 8 CONC IS 0.8301E+01

RUN NO. 9 CONC IS 0.5138E+CL
RUN NO. 10 CONC IS 0.6531£+0!
RUN NO. 11 CONC IS 0.1030E+02
RUN NO. 12 CONC IS 0.5%07£+01
RUN NO. 13 CONC IS 0.6071£+0!
RUN NG.. 14 CONC IS 0.1020£+02
RUN NO. 15 CONC IS 0.5375£+01
RUN NO. 16 CONC IS 0.7915E+0:
RUN NO. 17 CONC IS 0,9513E+0!
RUN NO. 18 CONC IS 0.7417E+C]
RUN NO. 19 CONC IS 0.6036E+0]
RUN NG. 20 CONC IS ).6891E+CH
RUN NO. 21 CONC IS 0.6583E%01
RUN NG. 22 CONC IS 0.3991£+0]

22
RUN NO. 23 CONC IS 0.7293E+0!
RUN HO. 24 CONC IS 0.7493E+C1
RUN NO. 25 CONC IS 0.0788£+01
KUN NC. 26 CONC IS 0.1027€+02
RUN NO. 27 CONC IS 0.7870£+01
RUN NO. 28 CONC IS 0.663BE+01
RUN NO. 29 CONC IS 0.7114E+01
RUN NO. 0 CONC IS 0.5028E+01
RUN NO. 31 CONC. IS 0.6275E+0t
RUN NO. 32 CONC IS 0.9894£+01
RUN NG. 33 CONC IS 0.9327£+01
RUN NO. 14 CONC IS 0.6837E+01
RUN NO. 35 CONC IS 0.5241c#Ci
RUN NO. 36 CONC IS 0.5821E+0L
RUN NO. 37 CONC IS 0.7253E+01
RUN NG. 38 CONC IS 0.7102E+01
RUN NQ. 39 CONC IS 0.6930£+01L
RUN NO. 40 CONC IS 0.8725E+01
RUN NO. 41 COKC IS 0.6730£+01
RUN XO. 42 CONC IS 0.7351E+01
RUN NO. 43 CONC IS 0.5981E+01
RUN NO. 44 CONC IS 0.5013€+01
RUN HG. 45 CONC IS 0.5648E+0!
RUN NO. 46 CONC IS 0.9628E+01
RUN NO. 47 CONC IS 0.8990E+0!
RUN NO. 48 CONC IS 0.6372E+01
RUN NO. 49 CONC IS 0.9738£+01
RUN NO. 50 CONC IS 0.3887E+01
RUN NO. 51 CONC IS 0.6224£+01
RUN NB. 52 CONC IS 0.7947E+01L
RUN NO. 53 CONC IS 0.9168E+0]
RUN NO. 54 CONC IS 0.5063E+01
RUN 0. 55 CONC IS 0.8318E+01
RUN NO. 56 CONC IS 0.5855E+01
RUN NO. 57 CONC IS 0.5172E+01
RUN X0. 58 CONC IS 0.7755E+0l
RUN 0. 59 CONC IS 0.1015E+02
RUN NO. 60 CONC IS 0.9021E+01

RUK X0, CONC IS 0.6220E+01

o~
—



N

RUK

. RUN

RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN

yu.
NO.
NO.
NO.
N0.
NO.
NO.
NO.
NO.
NO.
NC.
NO.
NO.
NO.
NO.
NO.
k0.
kC.
NG
NO.
NO.
NO.
NO.
NG.
NC.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NJ.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
5O,
NO.
NO.
NO.
NO.
NO.
NO.
KO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
LIV
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NG,

0c
63
64
65
66
67
68
69
0
7l

He
L

I
74
15
it
77
78
78
80
81
82
83
84
85
86
87
88
89
90
91
52
93
94
95
9%
97
98
99
100
101
102
103
104
105
106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124

LUNL

CONC

‘CONC

COXC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
COKC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

id v

IS 0
-18 0
IS0

150

IS 0

[§ 0.

IS0

150

IS0

150

IS0

s ¢
IS ¢
{so
150
150
IS
I§0
IS0
[s79
IS0
IS¢
IS0
IS0
IS0
]
IS0
IS0
IS0
IS¢
I
I$0
18 9.
IS0
IS¢
IS0
IS0
IS ¢
IS0
IS ¢
IS0
I 0
IS0
IS0
50
IS0
IS0
IS0
IS0
IS¢
IS0
IS¢
IS 0.
IS 0.
Iso.
I8 0.
IS 0.
IS 0.
IS 0.
[ 0.
IS 0.
IS 0.

125 CONC IS 0.

126
127

CONC
CONC

IS 0.
I5 0.

.7VVL;;VA
L 1060E+02
.1088E+02
.8853£+401
.7001E40)
TL04E401

83326401

.B491E+0!
.6336E+01
.5750€+401
L6692E+0]
.9736E+401
.6008E+01
5550E40L
6330E+0]
.5441E40]
.9768E+0]
68798401
.5052E401
.64812401
0.9996E+01
1059402
ERVEIRION
.4864E+01
. 1004E402
.9294£+401
.4858E£+01
.9749E+01
.5385E+C
8767801
63528401
.5174£401
85718401

52758401

L9B46E+01
LT156E401
5524401
.5703E+01
8904401
17608401
5120E401
.8957E+01
.8329E+401
.1100E+02
.7058E+01
LT011E+0L
.9536E+01
L9357E+01
.4851E+01
JTT18E+0)
.9453E401
.T1750E401
4736E401

8384E+401
9823£+01
6167£+01
6768E+01
6663E+01
12228401
6562E+01
5019€+401
8633E+01
T41TE+01
9492E+01
5990£+01
6914E+01



avnt
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

Ny,
NO.
NO.
NO.
NO.
NO.
NO.
LIt
NC.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO. -
NO.
NO.
NO.
NO.
NO.
NO.
NG.
NO.
NG,
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
0.
NO.
KO.
NG.
XO.
NO.
NO.
NO.
NQ.
NG.
NO.
NO.
NO.

129
130
131
132
133
134
135
136
137
138
139
140
141
142
147
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193

LUl

CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
COnC
CONC
CONC
SONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
£ONC
CONT
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

A

IS0
s 9
IS 0
[$0
IS0
150
IS0
150
150
1§ 0.
IS0
150
Is 0
150
1§90
189
159
[5¢
50
Is¢
Is 0.
180,
IS 9.
18 9.
IS 0.
[s 9.
IS0
59
IS 0.
I€ 0
1S90
IS¢
I§9
150
180
[t
iS¢
[§0
IS0
50
IS0
IS 0
IS0
[§ 0
IS0
I$0
IS 0.
150
IS0
IS0
IS0
IS0
IS0
50
[§90
I
IS0
I§ 90
IS 0
IS0
Is 0
I8 0.
IS 9.
I8 0.
IS 0.

fierbTvl

96228401
L9873E491
.9938E401
.5472€401
57638401
.6605E+01
.8035E+01
.5445€401
.B169E+01

1043401

L5281E+01
.5518E+01
45578401
L523CE+01
71028401
62448401
.6076£+0]
4729€+01
L4701E+01
1084402

45536401
3273E+01
6686E401
8268E+01
5753E+01
1718401

L4971E401
.8811E+08

4732E401

37558401
L9794E401
.9158E+0!
0.5276E+01
.S460E+01
.8122E40]
C.5459E+01
.8817E40L
.1008E+402
61136401
.8354E+01
9479401
.9682E401
.6008E+01
L9272E401
5130401
.8893E+01

5449E+401

79358401
L6418E401
L6044E+01
.5438E401
L5407E401
(6569401
.7555E+401
.5025€401
.4880E+01
LIT67E40L
.5378€+01
L 1032€402
.T1849E401
L9547E401

8617E+01
6787401
4897E+401
6456401



U
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

M.
NO.
NC.
NO.
NO.
NO.
NO.
NO.
NG,
NO.
NO.
ND.
NC.
NO.
NC.
NO.
ND.
0.
NDL -
NO.
NO.
§O.
NO.
NG,
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
0.
NO.
NOD.
NO.
NO.
NO.
NO.
NO.
NO.
k0.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NG,
NO.
NO.
NO.
NO.
NO.
NOD.
N0.
NO.
X0.
NO.
KO.
NO.

174 vullL
195 CONC
196 CONC
197 CONC
198 CONC
199 CONC
200 CONC
201 CONC

202 CONC I

203 CONC
204 CONC
205 CONC

206 CONC I

207 CONC

208 CONC I

209 CONC

210 CONC I

211 CONC

212 CONC I

213 CONC
214 CONC
215 CONC
216 CONC
217 CONC
218 CONC
19 CONC
20 £ONC
21 CONC
22 CONC
223 CONC
224 CONC
225 CONC
226 CONC
227 CONC
228 CONC
229 CONC
230 CONC
231 CONC

232 CONC I

233 CONC
234 CONC
235 CONC
236 CONC
237 CONC
238 CONC
239 CONC
240 CONC
241 CONC
242 CONC
247 CONC
244 CONC
245 CONC
246 CONC
247 CONC
248 CONC
249 CONC
250 CONC
251 CONC
252 CONC
253 CONC
254 CONC
255 CONC
256 CONC
257 CONC
258 CONC
259 CONC

QJT LTV

L8228E 401
6347E40]
.5949E+401
L9530£+01
L5740E401
.§562E+01
L5363E+01
L 1013E402
.5648E401
L6513E401
L L106E+02
L5752£401
.3837E+01
10726402
LIL00E+01
L97SGE+0L
.9249£+01
10176402
72016401
71876401
10998402
6554E+01
76226401
63356401
L35026+01
L78236+01

L4398E+01

.3300E+01
.5919£+0]
JTTLER0L
.5606£401
LS154E401

6415E+01

L7404E401
51756401
33658401
53368401
.6572E+404

.5780E+01

.5360E401

813784401

7283401
.B175E401

.5834£+401
L4869E+01

. 1404E401

.1022E401

.8705£+01
.7801E+01

.7018E+01

.8796E+01
.6805E+01
.9087E+01
.9874£401

.6427E401
.6091€+01

11278402

.8766£401
.9865£+01

.8196E401

.5268E+01
.6910£401
.5851E401
76478401
85598401



RUN
RUN
RUKN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUR
KUN
RUR
RUN
RUN
RUN
RUK
RUN
RUN
RUR
RUR
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

NU,
NO.
NO.
ND.
NO.
NO.
NO.
NO.
NG
NOD.
ND.
NO.
NG,
NO.
ND.
NOD.
NG,
NOD.
NGO,
NO.
NC.
NO.
NO.
NG.
NG.
NG.
ND.
NO.
NO.
NO.
NOD.
NG.
NG.
NO.
NO.
NG.
NO.
NG.
NO.
NO.
NOD.
NG.
NOD.
ND.
NO.
NO.
NOD.
NO.
NO.
NG.
NO.
ND.
NO.
NO.
ND.
NOD.
NG.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NOD.
NO.

/3-1"
261

262.

263
264
265
266
267
268
269
270
Fab
27

273
274
275

ol
i

n
278
278
280
281
282
283
284
285
286
287
288
289
290
291
292
293
254
293
296
297
298
299
300
301
302
303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320
321
322
323
324
328

LUNL
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

0N
150
IS0
150
IS0
IS¢
IS0
IS0
IS0
IS5 0
IS0
IS0
[s0
IS¢
s
IS0

0

0

Ta
12

I8
1§ 0.
IS

v
1S
iv

I ¢
3
I3

IS
I8
IS
IS
Is
IS
IS
I3
IS
IS
I8
IS
IS
I8
I8
[5 9.
IS 0.
1§ 0.
IS 0.
I§ 0.
I8 0.
[§ 0.
IS 0.
IS 0.
I8 0.
I8 9.
IS 0.
IS 0.
Is 0.
I§ 0.
IS 0.
IS 0.
IS 0.
IS0,
IS 0.
IS 0.
Is 0.
[$ 0.
IS 0.
IS 0.
1S 0.

)
0
IS 9.
0
g

O OO DO DD DD OO D O

LLwuaeTye
.7488E+01
JT180E+04
.6663E401
.T1a9E+01
.5522E401
5441401
.6813E+401
.5560E+01
JJ7T18E401
6274E401
.9493E401
0.5519E+01
L9241E401
0.5143E+0]
L 1080E+02
45618401
5971E+01

5701E+01

93458401
J1747E4CE

6567E+01

.9497E+01
05048401
95338401
JT233EH01
J9491E401
.3691E401
LS9CIEH0L
LS945E+01L
3400E+01
.5681E+01
6351E40L
.3256£+401
7384E+01
L1267E401
.$495E+401
L7250E+401
.5864E+40!
.6467E40]

5059E+401L
6507E+01
5659E+401
8565E+01
5318E+01
7H2E401
8340£+01
4628E+01
8931E+01
6449E401
T160E401
1009£+402
6746E+01
8100£+01
6628E+01
9485E+01
4504£+0]
12776401
7944E€+0]
4886401
7913E+01
3052£+01
7077E+01
5229E+401
9227E401
5967E+01



KUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

LID
NO.
NO.
NO.
NO.
NC.
NC.
NO.
KO.
ND.
NO.
NO.
NO.
NO.
NO.
KO.
NO.
NO.
KO. 3
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
ND.
NO.
NO.
NO.
NO.
NO.
NC.
NC.
NO.
N0,
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NG.
NG.
ND.
NO.
NO.
NO.
X0.
NC.
O,
NG,
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.

LURL
CONC
CONC
CONC
CONC
CONC
CONC

3 CONC

CONC
CONC

6 CONC

CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONE
CONC

} CONC

CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

i CONC

CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
COxC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

I Y
IS 9
IS¢
1§ 0
180
IS0
Is0
IS0
IS0
IS 0.
[so
IS0
IS0
0
9
0
0
0
0

a

IS

IS
[ {
15
1s
IS¢
IS0
I8 ¢.
[0
IS0
[$ ¢
IS¢
[se
1S 0.
IS0

d
IS0
IS0
I50
150
IS¢
150
IS0
IS0
IS0
IS¢
[0
IS0
IS0
150
IS 0,
IS0
150
150
IS0
IS0
150
IS0
IS0
IS0
IS0
IS0
IS0
IS 0.
1§ 0.
IS 0.
IS 0.
15 0.
IS 0.
IS 0.
IS 0.
15 0.

TR 11 R4E1
L4966E401
.9022€+01
LTO99E+0L
L 7064£401
86526401
.8093E+01
7539E+01
.8333E401

8320E+01

.8030E+401
.8286E+01
.6251E40]
.8521E+01
.3306E40L
.5275E401
JT1T4E40L
.5863£+01
6783E+G]
.6240E401
0.5427E+01

9904E+401

.S189E+4Q1
J.4865E+0]1
LT256E+01
57408401
LSE5ZE40L

36826401

75468401
0.5676E401
LF186E+01
.7595E+01
8739€+01
J1002E402
;. 1028E+02
.8866E+01
.4929£+01
JJ871E+C]
LT440E401
5B14E401
L7036E¢01
.6100E401
75578401
L6924E+01

6061E401

.5581E401
L9748E+01
.5076E+01
68026401
.5252E+401
1966401
1118402
6521E+0]
13138401
.6245E40]
.5662E401
.8406£+01

T140E+401
7621€401
6291E+01
6466E+01
5T47E+401
5758E+01
T453E+01
7602E+01
1053E+02



hivh]
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

o,
NG.
XO.
NO.
NO.
O,
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.-
NO.
NO.
NO.
ND.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
X0.
NO.
NG.
NO.
O,
NO.
NO.
N,
NO.
NO.

NO

LARVIA

NO.
NO.
NO.
NO.
NO.
KO.
NO,
0.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
NO.
Q.
NO,
NO.
NO.
ND.
NO.
NO.
NO.
NO.

VRN

393
394
395
396
197
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
424
427
428
429
430
431
432
433
434
435
436
437
438
439
440
44]
442
443
444
445
446
447
448
449
450
451
452
453
454
455
456
457

VUlNL
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

i v
IS0
s 0
IS0
50
IS0
[§ 9
IS0
[S0
IS0
§0
150
IS0
15 0.
189
50
[0
150
50
IS0
[5¢
IS0
IS0
180
I$90
IS 9
Is0
IS0
[S 9.
IS ¢.
5 0.
s 0.
IS 0.
I3 ¢,
13 0.
Is 0.
[§ 9.
£ 0.
15 Q.
I8 9.
1350
IS 9.
IS €.
IS 0.
IS 0.
IS 0.
18 0.
IS 0.
IS 0.
IS 0.
IS 0.
IS 0.
IS 0.
I3 0.
180,
IS 0.
Is o,
IS5 0.
IS 0.
IS 0.
s 9.
IS 0.
IS 0.
IS ¢.
1§ 0.
15 0.

P L TR EvEY
TT66E401
.5065E461
4803£+401
J1031E402
L5233E401
0.6821E401
1013E402
B6ITEHOL
L6897E+01
B759E+01
L1249E+01
L LL08E+02

5059E401

0.6974E+01
.5219E401
LS056E+0]
.8555E+401
. 7494E+401
L6965E401
LS1T4E401
L8231€401
.6390E401
0.7541E401
L3978E401
0.9011E+01
L5506E+01L
L6551E40]

3027€+¢1
6015E+01L
3571E+401L
72938401
9956E+C1
73758401
8017E+01
5475£+01
7084£+01
61318401

0.9692E+01

8589£+01

.6334E401

6886E+01
1087E+02
5249£+01
5030E+01
T104E+01
9478E+01
5690£+01
9030£+01
5854£+01
1062E+02
8506E+01
6560E+01
5041£+401
3457E+01
5635E+401
6441E+0]
6076E+401
5411£+01
6434E401
1091E401
5684E+01

244£401
6005£+01
6405E401
8629€+01



XN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUK
RUN
RUK
RUN
RUN
RUK
RUK
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN
RUN

Nu.
NO.
NO.
NO.
NO.
NO.
ND.
NO.
NO.
ND.
0.
NO.
NO.
NO.
NO.
NO.
NG.
NO.
NG
NO.
NO.
0.
NO.
NO.
NO.
NO.
k0.
NO.
NO.
NO.
NG.
NO.
NO.
NO.
NO.
NO.
RO.
NO.
NO.
k0.
NO.
NO.
k0.

430
453
460
461
462
463
464
465
466
467
468
469
470
471
472

473

474
475
478
477
478
479
480
481
432
483
484
485
485
487
438
489
499
491
492
493
494
495
496
497
458
499
500

LUNY
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC

CONC IS

CONC
CONC
CONC
CONC
CONC
CONC
CONC
CONC
CoNC

I
T

v
0
I$0
150
150
Is 0
I$ ¢
IS0
50
1§90
g0
IS¢
[$ 0.
50
150
1$ ¢
i$¢
150
150
IS0
150
150
0

0

0

IS
I$
[§
s 0
[§9
159
1§90
I§ 0.
I8 0
IS0

¢

0

T

va
iv

IS 9.
IS 9.
IS 0.
I 0.
[$ 0.
IS 0.
[s 0.
[§9.
IS 0.

133330 Tvi
L9985E+01
(4926E401
L4BI4E+01
.8574E+01
L6870E+0]
.5952E401
L5312€+401
LS119€+401
L71861E401
.8276E+401
LT226E408

4971E+0!

54438401
.5765E401
L7586E401
J9T1E0L
J077E+02
.7682E01
0.6736E+01
.8974£+01
.5020E+01
L5987E+01
.5428€401
98356401
L5010E+01
54178401
.8521E401
56238401

3591E+01

.7025E+401
.8226E401
L 1847E+01
67818401

3383401
9003£+01
73326401
5871E401
9452E+01
§821£+01
9066401
53376401
7439E401



APPENDIX B-2

PRINT-OUTS OF VIRNSPT.VAR FILES FOR
MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS



OATA FOR LAYER 1

SOIL PCOCs: MODELED FROM WESTERN SOURCE (GROUNDWATER MOUND AREA} T0 MC102
FILE: MCIO2.INB/OUT

YADOSE TRANSPORT
SIMULATICN RUN FOR ALL PCOCS

Thickness of layer a 1.00
Biological gecay coefficient tyr ~0.000E+00

ND. gice ]
1.325 1.55 .428E-01
2.3%92 Lel L4626-01
I1.28 1.5 .3B4E-01
4 1,03 1.67 L396E-01
5 .554 1.29 .468E-01
6 326 1.60 JAJ1E-01
71.22 1.34 L352E-01
8 .87 1.54 J3S1E-GL
9 .533 1.44 4B4E-01

10,378 1.59 .384E-01
11,309 1.74 .396E-01
12 1.1 1.65 .4405-9]
13 1.26 1.54 475801
41,17 1.7% JA21E-01
15 .837 1.29 405E-01
16 .277 1.36 L462E-01
17 .335 1.61 .395E-01
18 1.20 1.3§ .489E-01
19 .371 1.46 .3628-01
20 . 440 1,44 .368E-01
21 .852 1.50 .492¢-01
22 .26 1.73 .426E-01
23 1.05 1.63 .483E-01
24 421 1.73 L414E-01
25 373 1.61 .421E-01
26 212 1.31 .451E-01
27 322 1.58 .463E-01
28 1.00 1.33 .422£-01
29 1.10 1.55 .339E-01
30 749 1.51 .393E-01
3t .392 1.42 429£-01
32,551 1.5 .339e-01
33 .966 1.33 .393E-01
34 047 1.31 .386E-01
35 .748 1.40 .485E-01
36 1.06 1.68 .388E-01
37 .904 1.61 .348¢E-01
38 .652 1.27 .390£-01
39 211 1.5 .410E-01
40 .621 1.71 .483E-01
41 .620 1.38 .397E-01
42 .296 1.68 J375E-01
43 1.17 1.30 L426E-01
44 1.10 1.66 .410E-01



45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
¢2
63
64
85
66
67
68
89
70
I
72
73
T4
75
76
77
8
79
80
81
82
83
84
85
86
87
88
89
30
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

.89¢
.966
.863

393

.807
.990
.290
415
.365
294
.943
1.0l
766
.632
117
427
.892
3!
100
.500
.207
1.22
584
1.20
L7141
.358
471
.458
304
.945
304
1.08
1,26
.538
.486
.688
1.04
1.09
.440
397
375
847
697
1.02
.483
.628
.283
.651
A7
1.30
.837
364
427
.968
.261
903
439
.201
.202
.24]
1.19
1.16
239
1.20
. 785
.997

e e e e b e ke e e b e b e b b b B b e b R b e b b b ke b b bea b b b b e b e b b— b b b e b b b b b b b= = b e b b p e e b e pee e — oy s —

29
.45
.64
.30
.37
.48
.47
.29
I
.32
.46
3l
.62
.42
.45
63
13
.60
.46
.36
Tl
.34
44
.62
.48
.14
37
37
.62
.4l
.25
.55
)
.49
.10
30
.58

-

'ES

-

ot
.52
.40

67

33
.40
J1
.61
.63
.26
.63
.52
.43
.63
.30
37
.35
.52
1
g3
33
33
.34
.61
13
.43
.27
.34

L4401
L4428-01
A52E-01
. 352€-01L
L400€-01
.438E-01
L487E-01
.352€-01L
.404E-01
A2LE-0L
468E-01
436E-01
(487E-01
.349E-01
.358E-01
L 452E-01
A71t-0L
.360€-01
L455E-01
372801
L4326-01
435801
L344E-01
L356E-01
L360E-01
AL3E-01
L376E-01
.344E-01
L344E-01
A26E-01
.468E-01
.405€-01
L382E-01
.3626-01
L4228-01
L4T0E-01
.399E-01
440E-01
L406E-01
L424E-01
LAT4E-0L
ALLE-0L
.396E-01
.486E-01
L441E-0L
.383E-01
. 468E-01
.423E-01
L430E-01
L402E-01
.490£-01
.3426-01
L482E-01
A4E-0L
L437E-0L
J412E-01
J347E-01
L463E6-01
.487E-01
.482E-01
L479E-01
.490€-01
.348E-01
.337E-01L
L406E-01
L42TE-01



il
12
113
114
115
116
117
113
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134

35
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
133
154
155
156
157
158
159
160
16t
162
163
164
165
166
167
168
169
170
m
172
173
174
175
176

I
364
.186

348

.607
612
. 394
429
668
133
.924
799
952
1.23
424
1.02
.228
1.20
130
L3100
447
1.28
1.11
453
.13
.898
.897
!
1.13
746
.639
.535
443
454
.307
.638
867
565
422
669
1.02
.505
.224
.528
.356
672
.853
642
1.29
.280
.876
.526
1.15
1.16
574
434
1.24
.850
.380
175
.704
.297
1.22
111
.314
.834

. oo
.63
14
.40
.56
.55
.66
.35
.59
.41
31
A2
.42
.55
.44
.58
.59
.40
.56
.39
.52
Tl
L35
.41
74
.44
.75
.56
.42
13

o)
L

.55
.34
.52
.32
.49
43

n

L4}
Y
.28

1

e

.45
.5l
12
.64
.67
.97
.65

1

o

.35
.52
.32
.26
.35
3l
.43
10
13
.36
.55
.28
27
2
.36
.47

L 287E-U1
L 347801
463E-01
L372€-01
432E-01
L391E-01
L410E-01
445E-01
L463E-01
.370€-01
4216-01
.384£-01
A441E-01
L178E-01
L401€-01
401E-G1
L4408-01
4426-01
441E-01
L339E-01
.388E-01
AE1E-01
.3376-01
413E-01
.406E-01
L435E-01
.3426-01
.3658-01
.3836-01
.3768-01
.368E-01
.3368-01
4396-01
.488E-01
3T1E-01
.380E-01
.338€-01
L445E-01
.368E-01
.3586-01
L439E-01
L457E-01
L448E-01
L424E-01
.398€-01
.368E-01
A11E-01
.394E-01
L416E-01
.422E-01
L34LE-01
(445E-01
.404£-01
L349€-01
(451E-01
.420E-01
.349€-01
.439€-01
.338E-01
.439€-01
.348E-01
L443E-01
A435E-01
.364E-01
.428E-01
L434E-01



177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
221
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

.785
835
827
.866
.967
1.08
418
.906
1.12
377
373
867
.309
223
1.07
925
.323
1.01
1.25
.855
.595
325
.600
1. 11
L.17
.582
757
693
622
764
.218
1.01
.202
.643
10
706
407
269
1.10
1.08
.205
.268
.429
1.18
147
918
L7
.24
378
.285
1.2l
400
871
925
447
.428
.583
.449
413
316
614
663
1.06
152
1.29
J20

Y
.62
.29
.27
.29
.68
.68
.65
33
.68
.51
.39

1

ot

"

L

.63
.69
T4
.47
33
.45
33
.65
36
.62

ki

VA

3l
63
42
43
.58
.38
.68
.64
.28
Tl
.63
.56
.38
.52
.39
Sl
.40
.43
70
.51
.26
.54
74
.65
.25
.65
.50
2
.63
.57
.53
.44
.67
.38
.6l
61
29
715
.45
27
.5l

.4318-01
. 340E-91
J431E-01
443801
L457E-08
J374E-08
.368E-01
.355E-01
.362E-01
.456E-01
.4228-01
.407£-01
.365¢-01
AT4E-OE
464£-01
JAT75E-01
L379E-01
ATIE-0L
.4328-01
.36eE-01
.I51E-01
AT0E-01
.482E-01
483801
.468E-01
J3lec-01L
.388E-01
J365E-01
LIT4E-01
L407E-CL
374801
.462£-01
L404E-01
419€-01
.461£-01
(461E-0L
.475E-01
(436E-01
.425¢-01
.484E-01
.480£-01
401E-01L
A43TE-0L
424801
.468E-01
.464E-01
.456E-01
.363E-01
L471E-01
.399¢-01
.398¢-01
A0LE-0L
L4378-01
.383¢-01
.403E-01
.336t-01
L414E-01
. 362E-01
.340E-01
.339¢-01
.4528-01
.459E-01
.407€-01
4428-01
.361E-01
.400€-01



49
244
245
246
247
248
249
250
251
252
253
254
255
256
257
298
259
260
28l
262
263
264
265
266
267
2668
269
210
271
212
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
296
297
298
299
300
301
302
303
304
305
306
307
308

L.dy
.252
1.0]
.241
.188
728
111
616
.52
1.08
1.09
L2485
222
.18
.998
L343
.362
L5559
410
1.18
.369
1.22
. 250
1.03
333
1.09
.835
.282
.850
879
415
1.27
.525
752
911
.935
I3
1.28
51
.548
1.03
410
1.05
652
326
.502
.594
1.10
915
1.12
372
1.19
157
.395
192
.404
.848
1.16

233

814
1.07
.944
319
.495
.983
.253
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N-1
.14
.63
4l
43
L3t
.38
.53
.59
M
3
3
.50
.39
.30
.52
.63
.54
.16

-

.26
.65
.68
.40
.68
.59

i1

AH)
.38
73
43
.40
.50
.48
.32
.36
.60
14
.55
.35
.57
.41
.49
5
.26
.14
.34
.30
.36
.70
.35
.60
.66
.64
.50
Y
.68
g3
.69
.63
W37
.35
.31
.34
.30
73
.34
44

L98iL-L
.361E-01
.355E-01
. 380E-01
L 366E-0L
L351E-01
.448E-01
L438E-01
L361E-01
L363E-01
.468E-01
L345E-01
.405E-01
L387E-01
.338E-01
.4loE-01
J3678-01
JI51E-01
.486E-01
Lo67E-0]
.488E-01
.353E-01
.368E-01
.o42E-01
L449E-01
.482E-01
L481E-01
L452E-01
L374E-01
L488E-01
L456E-01
LA35E-01
L336E-01
.478E-01
.380E-01
.360E-01
J370E-01
L466E-01
L423E-01
.380E-01
L461E-01
.389E-01
L361E-01
.348E-01
L452E-01
L454E-01
.482E-01
.363E-01
L437E-01
.388E-01
490E-01
.489€-01
.345E-01
463E-01
L351E-01
J440E-01
.406E-01
.380E-01
.363E-01
.422E-01
.399€-01
.452€-01
J361E-01
JA49E-01
.381E-01
J454E-0]



27
310
3l
32
313
314
315
316
37
318
319
320
321
322
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
343
346
347
348
349
350
351
352
353
354
355
336
357
358
359
369
361
362
363
364
365
366
367
368
369
370
311
372
3
314

.174
LR
943
1.25
.878
1,04
1.19
1.27
1.00
624
541
843
260
YA
1.17
.§58
924
557
846
1.12
824
1.25
532
826
974
370
634
.859
1.05
941
413
796
.258
291
363
344
379
484
1.06
126
1.29
471
.58¢
.242
1.28
1.20
617
460
1.05
931
.269
1.26
478
.186
1.12
112
324
1.29
.912
934
.332
.685
1.04
A97
.696
804

.52
.68
44
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.58
.67
.63
.50
.45
33
.52
.64

35

.66
Jl
.70
.45

Py

.29
70
.51
4l
.60
.70
74
vy
.99
.41
.66
47

a7

Iy

.38
.70
44

4

)
.35
.83
.35
3
43
36

40

)
.29
49
.34
.56

»
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12
.26
.50
.34
.30
70
a3
.28
.30
.45
.42
.60
43
il
.99
.41
45

Ldove-vi
L403E-01
413E-01
L452€-01
.385E-01
L340E-01
L379E-01
.420€-01
L367E-01
.405E-01
(423E-01
ATIE-0L
L442E-01
L338E-01
.342E-01
343801
451E-01
L364E-01
L476E-01
L 356E-01
.3658-01
.429E-01
.458E-01
L492E-01
LA65E-01
467801
.443€-01
473E-01
.352E-01
467E-01
.389E-01
337801
.428E-01
454£-0]
491801
428E-01
L J66E-01
J379E-01
396E-01
487E-01
.356E-01
L433E-01
342801
L366E-01
.345¢-01
.401£-01
.409€-01
.485£-01
.360E-01
.3B8E-01
425E-01
.349E-01
.387E-04
. 363E-01
L407E-01
492€-01
(462E-01
JAT2E-01
.420E-01
L 349E-01
.425E-01
.350E-01
. 354E-01
.368E-01
.475E-01

433f-01



373
376
N
318
379
380
381
382
383
364
385
386
387
358
389
350
391
392
393
394
395
396
397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
dle
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

1.00
903
.589
.998
1.04
671
226
.901
1.03
.60
.389
657
.898
407
Al
1.01
470
113
1.96
1.23
1.01
1.07
1

5
oL

940
.365
1.00
.85¢6
972
897
.442
1.25
238
1.22
1.06
.59
759
.788
971
665
924
139
326
537
12
.852
219
723
969
A37
193
947
.669
.300
720
.185
211
.204
.394
197
1.07
.980
.287
874
.492
217
231

. 479E-01
.458E-01
L361E-01
L356E-01
.338€-01
.356E-01
366E-01
.J38E-01
(439E-01
J4128-01
L427E-01
.404E-01
.465E-01
L469E-01
(451E-01
.342E-01
L340E-01
.407€-01
L407E-01
.350E-01
.382€-01
J416E-01
L486E-01
. J68E-01
.382E-01
.337e-01
L473E-01
L 350£-01
L363E-01
429E-01
L447E-01
.363€-01
.410E-0]
L425E-01
JIT1E-01
.3626-01
.398¢-01
.386E-01
.452E-01
L446E-01
L459€-01
.369€-01
.398€-01
L413E-01
.409€-01
423E-01
L351E-01
L426E-01
.433E-01
L418E-01
.489E-01
L337E-01
AT1E-01
.406€-01
.491E-01
L435¢6-01
.423E-01
.482E-01
.349E-01
.348E-01
.397E-01
L443E-0]
L430E-01
.459¢€-01
.482E-01
L463E-01



L449L-ul
L374E-901
.480E-01
L370€-01
L481E-01
L491E-01
L436E-01
. 368E-01
.386E-01
L390E-01
L394E-01
L463E-01
.394E-01
L406E-01
L459€-01
.483E-01
L406E-01
L450E-01
L474E-01
L449E-01
L386E-01
447E-0]
L433E-01
.356E-01
L397E-01
J411E-01
L479E-01
L335E-01
L367E-01
L 366E-01
L442E-01
. 389E-01
L401E-01
.390€-01
L4T79E-01
L378E-01
L366E-01
.482£-01
L397E-01
L458E-01
.485E-01
A15E-01
L3T0E-01
J418E-0L
L384E-01
L337E-01
LS42E-01
AT3E-01
L357E-01
JI54E-01
L429€-01
L460E-01
L456E-01
LI56E-01
.385€-01
ST1E-0L
.J40E-01
AL7E-01L
L4778-01
.383E-0!



DATA FOR LAYER I

SOIL PCCCs: MODELED FROM WOOD PROCESS AREA TO THE ELIZABETH RIVER

FILE: MCER.INP/QUT

SIMULATION RUN FOR ALL PCOCs

Thickness of layer

Biological decay coefficient

JADOSE TRANSPORT

1.90
{.000E+00

—
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L313E-01
577E-01
.623E-01
J411E-01
.586E-01
.504E-01
517€-01
.362€-01
L364E-01
J316E-01
.589¢€-01
.485E-01
.582E-01
.J46E-01
.528E-01
.352¢-01
L413E-01
.5258-01
.615¢-01
L467E-01
427E-01
S17E-0L
476E-01
.440€-01
L449E-01
.603E-01
.489E-01
.454E-01
.398¢-01
977€-01
.593E-01
.576E-01
L435E-01
.358€-01
.509E-01
S77E-01
.560E-01
A91E-0L
J317E-01
.638E-01L
L317E-01L
J31LE-0l
L431E-01
.514E-01



43
46
47
48
49
50
51
52
53
54
55
36
57
58
53
80
61
62
53
64
65
66
67
68
69
70
71
72

k4
v

74
75
76
77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
33
94
95
96
97
98
99
100
101
102
103
104
105
106
107
108
109
10

LIV

T3

212

326
.342
353
113
761
1.01
1.04
.852
276
112
728
749
392
401
.951
647
.748
.652
.383
374
L2681
618
A4
L3857
.604
.805
.399
.208
1.27
.601
.448
377
1.26
138
.966
.86
363
613
832
.480
527
.807
.998
.863
317
.810
L1702
1.29
53
1.2}
.983
1.14
370
353
.503
.359
426
1.01
1.27
.953
A27
.892
875

.oV
.61
1
.35
.56
21

1

)

33
.68
.67
4
.39

k4

v

.27
51
.42
T8
.56
i
.40
27
.49
.40
.32
.53
.30
20
.60
.58

"=

.27
.95
.30

60

33
3

4
i

.45
.64
.30
.62
.69
.59
32
37
.39
.26
.35
L34
.65
.37
.39
.44
!
3
.61
.54
.62
.45
.65
Jl
.26
.38
.63
J3
.64

BRI AR
A91E-01
.553E-01
.628€-01
.408E-01
313E-01
S3E-01
410E-01
428E-01
.360E-01
.389£-01
.369E-01
AL17E-01
.534E-01
432E-01
SS07E-91
.628E-01
.319€-01
A178-01
.623€-01
A423E-01
627E-01
.626€-01
.349€-01
961E-01
.588E-01
.392E-01
.4608-01
.329¢-01
.386E-01
A31E-01
L523€-01
A6TE-0L
L 342€-01
6356-01
.378t-01
.365E-01
334E-01
.554E-01
.346E-01
.STOE-01
466E-01
.6138-01
483E-01
A47E-01
.510€-01
.439€-01
L422E-01
JTiE-01
.3B9E-01
477E-01
L364E-01
JAT4E-0L
.618E-0)
427E-01
b16E-01
J414E-01
.523E-01
.S48E-01
.607€-01
S22E-01
439E-01
.592E-01
.356E-01
.594E-01
.638E-01



Lt
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
13%
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
136
157
138
159
160
161
162
163
164
165
166
167
168
169
170
171
in
173
174
175
176

oLt
1.2l
1.29
. 342
675
1.00
392
.649
975
.837
309
1.27
.650
.398
.300
.998
.865
.962
1017
760
1,13
113
07
914
1.26
768
1.22
1.28
1.14
.992
1.18
199
.625
.430
.608
879
.893
358
. 266
1.03
1.08
.458
372
.853
991
.945
.246
.965
1.24
1.08
.933
.358
1.26
1.02
1.26
.230
1.15
.538

.688

.282
222
1.04
1.07
835
633
.440
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PRV P4 SV
498€-01
.409€-01
.459E-01
.540E-01
.362E-01
334801
.570E-01
.352¢€-01
.409€-01
.550E-01
4326-01
.560€-01
481E-01
.388E-01
.484E-01
A97E-01
533E-01
L428E-01
J351E-01
536E-01
.513€-01
.987E-01
.504£-01
.405E-01
.9698-01
.520E-01
593E-01
.595E-01
.396E-01
.503E-01
AT4E-0)
.629€-01
5TAE-01
A36E-01
927€-01
.404£-01
L474E-01
.403E-01
.366E-01
.950€-01
.330€-01
L607E-01
.599¢-01
L3326-01
.502E-01
.504E-01
.568€-01
.561E-01
.457€-01
.354E-01
.515E-01
.545¢-01
615E-01
.408E-01
.358E-01
J31BE-01
.366E-01
.592E-01
586E-01
.440E-01
.443E-01
.359€-01
A491E-01
.365E-01
.459€-01



L1

178
179

180.

181
182
183
184
185
186
187
188
189
190
191
192
193
194
193
196
197
198
199
200
201
202
203
204
205
206
207
208
209
210
211
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229
230
231
232
233
234
235
236
237
238
239
240
241
242

Aus
.818
691
.202
1.27
.822
364
1.07
697
320
1.02
303
.483
283
1.28
121
.954
991
335
.859
.328
1.24
.265
191
438
417
.89¢
1.18
.837
.981
364
427
261
.525
303
1.16
953
1.09
439
639
.684
1.20
201
756
.282
521
1.15
241
231
675
.459
1.04
417
L. 14
1.02
597
1.21
748
£.20
936
1.30
3718
.981
1.24
.894
.340

-

13
I
.26
3l
47
.33
W37
.36
43
.57
.40
W37
.35
.72
RY.
L34
.43
&Y
75
.66
.60
L34
.26
.37
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v IS)
.59
.51
A7
44
.40
.69

1

33
.26
.40
I3
g1
83
.48
.48
.29
.32
13
.52
33
.64
47
.67
.48
.63
.44
.50
.43
.75
.63
.50
.35
.26
.52
.69
54
1l
g1
.36
.58
g1

oVt Vi
459E-01
456E-01
.524E-01
J459E-01
.324E-01
J326E-01
.334£-01
437E-01
.326£-01
. .626E-0]
428£-01
332£-01
.389E-0t
S19E-01
.382¢-CL
.336E-01
349E-01
.380E-01
.368E-01
.966E-01
.534E-01
.452€-01
S15E-01
.574€-01
.509¢E-01
L344E-01
.488E-01
.634E-01
AT8E-01
.3258-01
.618E-01
.924£-01
.387€-01
4T71E-01
A3LE-0L
.960E-01
.SB4E-0L
.336E-01
.381E-01
.435E-01
J451E-01
.979E-01
.4938-01
L454E-01
.329£-01
L594E-01
.618E-01
.569E-01
.327E-01
.465E-01
916E-01
JA44£-01
.509€-01
.457E-01
.358€-01
L469E-01
.538E-01
.3158-01
.378E-01
.490E-01
.605E-01
.981E-01
.3748-01
.455E-01
.387E-01



vy

244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
26!
262
263
264
263
250
267
268
269
270
271
272
273
274
275
276
277
278
279
280
281
282
283
284
285
286
287
288
289
290
291
292
293
294
295
29¢
297
298
299
300
301
302
303
304
305
306
307
308

oV

718
364
233
.186
671
1.28
1.20
.348
.484
612
394
62
1.28
447
.379
429
568
1:15
.587
1.28
922
.250
.887
1.10
.402
1.28
S
.952
I12
814
1.21
1.23
1.24
.528
.586
1,02
103
1.23
1.02
1.09
476
.946
1.20
1.30
601
446
.606
611
181
751
251
.290
316
1.03
.861
271
110
393
.824
453
1.09
.587
J12
.388
111

Lewa
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.28
.63
13
14
.63
Tl
.68
.40
.52
.95
.66
13
.60
.38
.35
.35
.59

(4]

.36
32
.35
33
e
.63
.64
.39
.57
42
.63
.83
.50
.55
14
.63
75
.58
53
.35
.95
.38
.65
L
.40
.36
.65
.35
47
.64
.26
34
.26
.28
.36
.10
37
.34
.42
.44
.44
.53
.67
.67
47
47
.35

PEVYRRDY

585601
. 335E-01
507801
.579E-01
4T7E-01
. 354E-01
.568E-01
388E-01
L 397€-01
L427E-01
467601
.574E-01
. 348€-01
(371601
L403€-01
.S41E-01
77601
614E-01
ALTE-0)
A419€-01
607601
L609E-01
396£-01
534E-01
L490£-01
.5T6E-01
(S61E-01
532601
. 386E-01
(557601
423801
L401E-01
S31E-01
L409E-01
310E-01
L449E-01
.405€-01
466E-01
427E-01
.628£-01
L614E-01
.538E-01
533601
.S31E-01
427601
441E-01
.629E-01
(481E-01
. 323€-01
.S81E-01
L351E-01
 365E-01
.S00E-01
582601
483E-01
L 379€-01
.568E-01
.516E-01
. 4826-01
.556E-01
(S13E-01
448E-01
.559€-01
482601
313601



309
310
i
312
313
314
315
316
i
118
319
320
32
322
323
324
325
326
ra
328
329
330
331
332
333
334
335
336
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
357
358
359
360
361
362
363
364
365
366
367
368
369
370
in
In
373
374

.325
530
453
221
1.23
1.24
.898
.370
1.14
252
738
897
1.30
1.19
1.08
1
.899
707
1,08
746
1.25
573
1.28
975
227
877
319
453
.358
1.12
927
.308
.296
.307
.887
1.02
.818
1.25
.638
1.19
565
.378
756
433
855
1.07
.595
1.05
965
.226
946
.867
565
1.21
1.26
.345
1.19
1.12
922
.224
.290
196
22
1.02
1.20
.590

67
41
.54
.59
.60
.44
.30
.68
.61
.45
18
31
.65
.68
.58
.45
69
L3¢
13
46
.37
.38
.68
.61
.36
L33
2
55
.57
67
.32
.40
.32
.34
.3l
.61
Y
.49
57
.40
W41
26
.45
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L3

-

59

.42
.60
g2
47
.50
.34
.43
.25
.30
.65
61
.25
2
.54
.30
.41
.55
.48
.28
42
.66

Al
.530E-01
LAT4E-01
.325E-01
L460E-01
L 368E-01
,529E-01
,450E-01
L491E-01
.574E-01
,420£-01
L 324E-01
.460E-01
L638E-01
.583E-01
L373E-01
.409E-01
.387E-01
(450E-01
.397e-01
L487E-01
.538E-01
617E-01
L499E-01
L373E-01
L371e-01
L406E-01
L410E-01
L362E-01
SHE-0L
(409E-01
L6328-01
L324E-01
385E-01
L341E-01
.588E-01
S14E-01
L540E-01
L404E-01
L438E-01
L390E-01
L601E-01
412601
L394E-01
,358E-01
.415E-01
.339E-01
L415E-01
L 350E-01
L420E€-01
.381E-01
L316E-01
.540E-01
L527€-01
L593E-01
J379€-01
L326E-01
L445E-01
L361E-01
L567E-01
.338E-01
631E-01
L447E-01
.528E-01
.564E-01
L543E-01



vie o a

376
377
378
379
380
381
382
383
384
385
386
187
388
389
360
391
392
393
394
395
396
397
Jo8
199
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

224
.528
518
.695
1.19
.641
1.27
.880
111
.681
261
219
.859
1.01
616
1.29
.280
1.05
J74
.654
876
.350
474
.526
374
1.21
123
404
.850
1.22
.485
751
813
.356
215
.429
905
1.06
.506
.184
704
1.22
192
1.17
749
725
193
1.22
834
241
1.12
147
1.10
201
196
974
400
916
.827
1.06
.445
.382
1.08
418
755

.45
.51
.48
.49
.29
37
.38
33
.66
47

35

.55
13

?

.39
65
Al
.39
59
.50
35
.36
.52
.52
.35

¢
&

k4

o

3
70
.45
3
.26

-

.39
.36
3
.25
.64
.41
.53
.95
.27
.58
.54
33
16
.60
.28
.47
.53
.51
74
74
.39
.60
.66
3
.61
.29
75
.26
.62
.68
.68
.42

L347E-01
L496E-01
.ST7E-01
.493¢£-01
.605E-01
.410E-01
.334E-01
.386E-01L
.424E-01
.625E-01
J316E-01
.450E-01
438E-01
JS14E-01
.351E-01
AT9E-01
.492¢-01
.585¢£-01
325E-01
417E-01
J323E-01
.340£-01
433E-01
.540E-01
L953E-51
L 460E-01
A27E-0L
.463£-01
.528E-01
. 348E-01
A91E-01
.483E-01
349E-01
.393€-01
J321e-01
433E-01
.5626-01
J341E-01
.482E-01
L4778-01
.338E-01
.518E-01
.595E-0!
437E-01
621E-01
.339€-01
.540E-01
.420E-01
.517€-01
. 387E-01
434601
J373E-01
.J66E-01
.375E-01
AT4E-0L
637E-01
.506E-01
.363E-01
.S12E-01
.440€-01
.523E-01
J401E-01
J391E-01
.380E-01
.568E-01



44
442
443
444
445
446
447
443
449
450
451
452
453
454
455
456
457
458
459
460
461
462
463
464
468
466
467
468
469
470
471
472
473
474
47%
476
477
478
479
480
481
482
483
484
435
486
487
488
489
490
491
49?2
493
494
495
496
497
498
499
500

209
906
.452
341
1.05
.695
.435
183
478
138
1.24
701
1.02
354
1.18
. 443
867
.998
.979
932
994
418
419
.984
.980
1.20
223
116
1.20
359
801
392
132
330
323
703
.494
1.01
.780
113
1.02
1.25
[.18
.841
325
442
600
1.21
1.06
.392
346
1.05
L1
113
972
L7
112
.252
1.16
.986

Fem e b b b e e b e b e e e pee e

s e e e e e e e e b e e Fee e b e b b b b b — b b b b b b b ke e e e e b e e b b b e b pn s

.3
.65
43
33
.51
.52
.26
.52
44
.63
.49
.60
.50

Py

WAL
.83
.38

.39
67
TS
.63
.41
.30
62
.44
.46
.68
25
.29
.51
.68
.64
67
53
.43
74
.62
.41
.43
.28
.57
.65
.33
3l
.27
.65
.59
.36
44
.45
.29
36
.25
.62
.45
.57
.32
36
32
.48
.36

23007V
.3538-01
J331E-01
.589E-01
.602E-01
.600E-01
.530E-01
318E-01
.355€-01
.426E-01
.616E-01
.501E-01
.633E-01
468E-01
.628E-01
.4478-01
L461E-01
.505E-01
.330E-01
.409E-01
.994£-01
.981€-01
.347E-01
631E-01
.623E-01
.368E-01
.601E-01
.576E-01
469E-01
J3728-01
.6058-01
.35¢E-01
504E-01
L434E-01
.403E-04
.$98E-01
.329E-01
.600E-01
.358E-01
.535E-01
.336E-01
.S14E-0]
J341E-0]
.630E-01
.992¢-01
613E-01
L617€-01
.3538-01
.485E-01
.375E-01
.4388-01
441E-01
.558€-01
. 342€-01
J313E-01
.588E-01
.614E-01
L314E-01
. 340E-01
S5128-01



APPENDIX B-3

PRINT-OUTS OF CHEMICAL.VAR FILES FOR
MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS



SOIL PCOCs: MODELED FROM WESTERN SOURCE (GROUNDWATER MOUND AREA) TO MC102

FILE: MC102.INP/OUT

SIMULATION RUN FOR ALL PCOCs

Solid phase decay coefficient iyr
Dissolved phase decay coefficient tyr
Qverall chemical decay coefficient iyr
Acic catalyzed hydrolysis rate 1/K-yr
Neutral hydrolysis rate constant L/yr
Base catalyzed nydrolysis rate 1/M-yr
Refersnce temperature ¢
Blodegradation coefficient {sat. zone) 1yr
Air diffusion coefficient cn2/s
Reference temperature for air diffusion €
Molecular welght g/
Mole fraction of solute --
Vapor pressure of solute ne Kg
Henry's law constant ate-n" /N

Not currently used
Not currently used

RUN  5KOC KD KSaT

x0. al/g Iyr

(4345407 L 109E405 .325E-05
(L78E+07 4876404 .B09E-05
(3646407 L 136E405 . 297E-05
J45BE+07 L1BSE+0S .221£-05
L46BE+0T L181E405 L193E-05
.J0BE+0T .76BE+04 .653E-05
LSISE+07 3526405 L107E-05
JA64EH06 LLLTE+O4 L 392E-04
LI1BE+07 L10BE+05 .374E-05
JLB3EHOT L934E+04 L 411E-05
LSI2E407 L1B3E+05 .222E-05
L 396E+07 1196405 .418E-05
JA44E+0T L271E+05 L136E-05
L451E+07 LT04E+04 .697E-05
(4720407 L304E405 L113E-05
(151407 L9T4E+04 . 525E-05
416E+07 .S61E+04 .940E-05
3246407 6336404 .T10E-05
L654E+06 L128E+04 .318E-04
(LSOE+07 .751E+04 .580E-05
SISEH07 L199E405 .266E-05
J2TTE407 .156E405 .289E-05
B44EH06 L 154E+04 L 264E-04
2326407 L678E+04 .707E-05
254E407 L616E+04 .826E-05
L6I1E+06 L46BE+04 .B4TE-05
JA06E+0T 2026405 .216E-05
JS21E407 144405 L276E-05
J25TE407 1256405 L430E-05
6626406 ,464E404 L 109€-04
(1326407 L615E+04 .919E-05
.368E+07 L179E+05 .244E-05
L291E407 150£+05 .323E-05
SI9E+07 L115E+05 . 434E-05
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CHEMICAL SPECIFIC

0.000E+00
0.000£+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00
25.0
0.000E+00
0.000E+00
25.0
0.000E+00
0.000E+00
0.0GOE+00
0.000E+00
-999.
-999.



33
36
37
38
39
40
41
42
43
44
45
46
47
48
49
59
51
52
83
54
56
57
<8
59
60
5]
62
63
64
65
56
57
68
69
70

71

12
73
74
75
76

ki

4

-
/

80
8l
82
53
84
85
86
87
88
89
90
91
92
93
%4
95
%
97
98
99
100

Syretys
L409E+07
LAT2E407
224E407
LS47E+07
(2426407
4126406
.190€+07
.485E+07
CL184E+0T7
.230E+06
LA61E+07
S10£+06
L530E+07
211Es0T7
L203E+07
LITT7E407
L466E+07
LIT4ERDT
CLLSEROT
.682E+06
L3STE+07
AT73E07
LIS1EHQT
.B97E+06
1528406
.298E+07
(2488407
L360E407
L220E407
L353E+07
168E+07
LT69E+06
39607
1428407
L345E407
.B93E+06
3328407
JI41E407
LS6LEQT
LT25E406
L3TTE406
536E+407
L401E+07
81EH07
.827E407
.815E+06
-405E+07
LAT6E4DT
L201E+06
.360E407
L260E+07
LT46E406
L165E406
AT7E407
.885E406
L544E407
.400E+07
L409E407
L237E407
. 252E407
S13E+07
.204E406
4758407
L426E406
.408E+07

doctrvd
.189E+05
LT16E404

JOTEHO4
.374£-05
L 354£-03
.235E-04
227E-04
672E-05
JL12E-04
.809E-04
.482E-03
.554£-04
. 200E-05
L 330E-05
Jldei-04
.502¢-05
,2599£-05
678405

1278405
.154E405
154E404
J199E+04
.708E+04
J381E+04
595.

(57E+04
682.

.225E408
JLLBE0S
3286404
1026405
1548405
2BLE4DS

4066404
L204E-04
.250E-03
J281E-03
.2828-03
L7596E-05
LS2LE-(
.509E-05
L507E-05
.620£-035
.420€-05
J2LTE-05
L108E-04
L129E-05
.459E-05
JS1E-04
A73E-035
LL0TE-04
506€-05
J192€-95
L251€-05
,293E-04
L162E-04
J11E-05
.193E-05
L474E-05
L 100E-05
L423E-04
.425E-05
.182E-05
L444E-04
L231E-05
LJ49E-95
.383E-04
.120E-03
.956E-05
.354€-05
.204E-05
.450E-05
.186E-05
J4T4E-05
L40TE-05
.190€-05
L604E-04
J213€-05
L476E-04
J191€-05

. 203E+04
L L48E405
C129E+25
JL41E405
558408
321,

LT78E+04
L920E+04
L630E+04
L7408
(195405
565404
404E+404
. 738E+04
.259£+404
223E405
L41TE04
1026405
.136E405
175E+05
1476404
.268E+04
.369E+05
.245E405
L926E+04
LISLEYOS
J127E404
LL10E+05
L263E405
L108E+04
L206E405
.129€405
(134404
295.

.756E+04
.568E404
.228E+405
.781E+04
L238E+0S
L954E+04
L122E405
L230E+05
8l1.

187E405
1256404
236E405

.8i8L-va
,220E-05
.545E-05

210£-04

123504



iva

102
103
104
105
106
107
108
109
116
11

1
la

113
114
113
il
117
118

119

»-
ra
f=

— e
rO RO PR3 PO RD D
(o R NGV Ny

Y- PR AV

LI96E406
528407
3528407
L478E407
3678407
JATLEHOT
3788407
L 184E407
LSdef07
JI78E407
4038407
LT45E+0%
L239€407
2448407
J53E+07
4828407
L J68E+07
J302E+07
JISLE+07
L468E407
JI70E+07
L450E407
.2986+07
.380E+07
L210E+07
7L I52E408
L218E+07
L547E+07
3268407
534E407
.390E407
3. 126E407
L395E4H06
LA01E407
5 548E+07
JI1BE+0T
L244E+07
? 1336406
LJ028407
L33TEH08
JJ67E+07
L279E407
(446E+07
5 .272E407
L387E+07
LI83EH07
L343E406
.502E407
1936407
4228407
LSL4E+07
L491E407
JI97E407
LIT6EH06
768407
L120E407
LS1TEH06
L131E407
.254E407
.2B0E+07
4336407
1438407
L322E407
L110E407
1528407

L J=1 gV
L263E+04
.108E405
JILTEH04
L284E405
229E€405
L2TLEHDS
2026405
J337EH04
LEL0E+05
.889E+04
(6938404
L428E+404
JL6E+25
L270E+04
JL1aE+0S
L566E40G4
JLE3E09
1258405
.209€405
J331E405
L2T2E405
L226E405
J91E40S
L 149E+75
2G1EH04
511,

.938E+04
L279E+05
J43E+04
LS03EH05
1758405
.298E+04
J352E+404
2856408
JSATERCS
L226E+905
J179E405
553.

(455E+04
1958404
L259E405
ATTEHCS
L 104€+405
L203E405
281405
L201E+05
386.

J22LEH0S
ATLEH0S
L263E405
L232E403
LL3TEH05
L183E405
71,

.520E+04
L165E405
8s51.

JJ07E+04
.684E+04
LT07E404
JL114E+0S
L497E+04
L360E+04
L406E404
856E+04

PPV Ravivs

.187E-04
.462E-05
.685E-05
136E-05
.1958-09
.154£-05
222€-05
139E-04
. 144€-05
.600E-05
.105€-05
.955E-05
.386E-095
L169E-04
J317E-08
B07E-05
J379E-08
.308E-05
.195E-05
J116E-05
L5LE-CS
.200E-05
.209E-05
J39LE-05
L L4SE-04
L5428-04
452E-08
.200E-05
L39E-04
J1126-05
234608
.154E-04
L 129E-04
155E-03
1oTE-05
. 248E-05
J30LE-95
.871E-04
L100E-04
L175E-04
.L78E-05
.250E-05
438E-CS
.273E-05
.162E-05
.185E-05
L15E-03
. 206E-05
.339€-05
.159E-05
.205€-05
.339E-05
.232E-08
.947E-04
.708E-05
.3658-09
.588E-04
.710E-05
.695E-05
.693E-05
. J45E-05
.358€-05
A17e-04
.135E-04
56308



T 390E-CT
BEEIXON
758407
L279€407
(261E407
L 305€+07
L L49E+07
C139€407
L123E407
L291E407
4268407

$11E407

LT44E+06
L 167£407
L 2038407
4478-07
1236406
2458407
L3B3640°
4136406
.B68E+06
1238407
.3620407
231E406
5248407
L404£407
1178407
L 240E+07
LS1BE+07
L403E+07
T26E+06
2378407
9 1878407
963£406
490E407
.518£+07
.306E+07
i 776E406
L358E+07
2178407
L 526E+407
L199€+07
.386E407
1478407
4436407
150£+06
L L40E+07
3276407
L252E407
LIL3EH07
1BLE407
L409E406
L23LEH06
L467E407
L523E+07
A96E+07
L468E+06
LS14E+07
1T6E407
(482£406
.534£406
L390E+07
448E+07
L456E+07
SLIE+07
.299E +06

BYSIZDE)
LIT6E405
J362EH04
L 324E404
L153£408
LSelE+04
J271E404
ALTEROS
LB20E404
AS0EHIS
L143£+405
L351E+05
L L6REH)4
L870£404
BYEIZIO
2745404
1228404
So2CH0d4
(1878405
789,

L183E+04
1286404
L210E408
762,

278405
L201EH05
6048404
LAL6E+04
L1208405
2326405
LIT6E4
114E405
.880E+04
2765404
A3LE04
L278EH0S
L133E405
488E+04
L982E+04
L120£405
L104E+05
124E405
L445E404
L568E+04
LS20E404
223,

L490E+04
L329E404
L483E404
L984E+04
5356404
L196E+04
645.

JL19E+05
JIBLE+QS |
J215E405
LJ39E+04
L606E+04 |
LS16E404
1676404
J1T6E404
(164E405 .
L310E405 .
SLTEHS
JLL4E+QS
895.

852893
C4E-0S
110E-04
JTIE-04
.264E-05
175€-05
162E-04
.356E-05
6T6E-05
.284£-05
.258E-05
185€-45
.2698-04
C4LE-08
.233E-03
4265-05
.3B8E-04
893E-05
L184£-05
371E-04
L212E-04
JLITE-04
.281E-05
.803E-04
.I93E-05
LBLE-09
L736E-05
1358-04
.329E-05
.150E-05
.125E-04
A97E-05
.499E-05
152804
477E-05
1B7E-09
L218E-05
LE46E-08
.356£-05
406E-05
.448€-05
.299E-05
.105E-C4
.813E-05
107E-04
.215€-03
.102E-04
J132E-04
.985E-05
.492E-035
.659E-05
316E-04
.800E-04

495€-08
2728-05
250E-05

.150E-04

881€£-05

.130E-04
.287E-04

220E-04
309E-05
107€-05
120€-05
374E-05

.376E-04



-

39
234
235
236
237
238
239
240
241
242
243
244
245
246
247
248
249
250
251
252
253
254
255
256
257
258
259
260
261
262
263
264
265
256
267
268
269
270
271
272
213
274
275
276
2n
278
2719
280
281
282
283
284
285
286
287
288
289
230
291
292
293
294
295
296
297
298

LZ41ttvo
.BOSE+06
. 108E+07
4178407
L156E+07
L465E+07
A5TEHOT
466£407
J4T1E407
LJ01E+06
.418E407
1J4EH06
.B19E+06
L 160E407
ALTEROT
L 326E+06
.592E406
LS0BE+OT
(158E407
.890E+06
LB27E+05
L328E407
L338E+07
.499€+407
L144E407
.999E+06
.230E407
L44TEH0S
1628407
L142E407
.B5BE+06
L2B3E+07
.295E+07
5278407
J520E407 .
LST6EH0T
LS04E407
.283E406
.546E407
LS21E406
.615E106
ST1EH06
L279E+07
.287E+05
.220E+07
.367E407
L191E407
L442E407
.387E407
1776407
5276407
3026407
.408E+07
L381E+07
.259E407
2638407
ALLEHOT
. 2926407
.505E+07
.549€407
LIBTEOT
L568E407
L220E407
L165E406
RINIZN
. 338E407

BYSILIT
S13E+04
5668404
L275E405
.B55E+04
3426405
1216405
CL13E+0S
L223E405
L2LTEH04
.2B5E+05
929.

J481E+04
L456E+04
LOT9EH04
725,

L449E404
L679E404
JL12E405
L443E404
293.

133E405
L136E405
L229E+05
L972E404
1328404
L136E+05
LL10E+04
LT78E+04
L740£+04
1168404
LT05E404
L204E+05
LL20E+05
22£40%
L630E+04
L178E+QS
L154E404
LATsEH05
L3I3EH04
831.

728404
L6T5E+04
157.

9278404
.295E405
.B94E+04
JLL9E+0S
LT43E404
L483E+04
.160E+05
.201£+403
2178405
.900E+04
L114E405
.143E+05
AT2EH04
L161EH0S
2898405
.996E+04
. 101E405
186E405
LL10E+0S
929.

. 189E+05
.250£+05

LovTt-vé
.886£-03
.629E-05
.206E-05
L512€-05
J119E-05
.302E-05
.500£-05
.178E-05
L 149€-04
145E-05
LA83E-04
JL15E-04
L1026-04
.645E-05
L 505E-04
J104€-04
56LE-05
.388E-05
104E-04
J167E-03
L294E-08
.269E-05
J3LE-05
.429£-05
L246E-04
.336E-05
.394E-04
.965E-05
.793€-05
JIT2E-04
L784E-05
J177E-05
.397€-05
116E-05
L792E-05
L253E-05
.339E-04
J18E-05
L147E-04
579804
.259E-04
.643E-05
.302E-03
L612E-05
L174E-05
.681E-05
.357E-05
L627E-05
.899E-05
.J05E-05
.202€-05
.251E-05
.J45E€-05
.544E-05
L 264E-05
.T10E-05
.265€-09
.155E-05
.507E-05
.390E-05
L251€-05
.500E-05
L479E-04
.280E-05
. 181E-05



]
300
301
302
303
304
305
306
307
308
309
310
3l
312
313
Il4
315
36
317
318
319
320
321
322
323
324
325
326
Aya
328
329
330
33l
332
333
134
335
326
337
338
339
340
341
342
343
344
345
346
347
348
349
350
351
352
353
354
355
356
387
358
359
360
361
362
363
364

RYEIS Y
L468E+07
.328E+07
S18E407
L374E407
.882E+06
JALLE+0T
5378407
L483E+07
5428407
2658407
LL00E+07
430E+086
158407
L924E+07
2T0E+07
508E+07
4378407
LTTOE+08
2278407
\229E+07
.299£+05
1298407
. 2498407
LI87E407
3026707
.3478+07
.494E+07
409E+407
ATLEHDT
491E+07
2778407
5278407
.928E+405
.285E407
LS36E407
.929€+07
(428E407
3T79E+Q7
L233E407
L466E407
198407
.279E407
L304E+07
J207E407
J351E407
L366E407
L597E+05
.502E407
.859E+06
.949E+07
1448407
493E+07
1978407
L1T6EHD6
LI74E406
LB31E407
L251E407
L484E£407
1228407
.159E+06
JAT1E407
1398407
L203E+07
245407
.S1BE+0T

L VS 24VE
L333E+05
L237£405
LL15E+05
.628E+04
.261E404
.556E+04
.223E405
L141E+05
.369£405
L457E404
4478404
.255E404
L954E404
.383E405
3668404
L345E405
.490E+04
109849
1436405
.100E+05
166.
L924E404
271404
159405
.204E405
2028405
106E+09
.205E+05
.324E405
L320E+405
J184E+05
(2278405
392.
.224E405
253405
J167E405
L934E404
L213E405
.859E+04
.264£405
6758404
.196E405
.208E+05
.L16E+05
1796405
L207E405
96.4
3458405
.201E+04
.360E£405
LTT0E404
1368405
JLLE0S
229.
L210£+404
.351E405
L4B6EH04
.80BE+04
994E+04
199.
.354E+404
L139E+04
.360E+04
L6I0E+04
2378405

O] gV
127€-05
 194E-05
484605
.684E-05
 196E-04
.B61E-05
175E-05
.270E-05
.152€-05
1136-04
(106E-04
179604
862608
IHTE-0S
145604
 1256-05
T73E-05
L650E-04
L406E-05
(512605
259603
473605
113E-04
(335605
(234E-05
. 213€-05
(302605
278E-05
(124E-05
137605
261E-05
. 188E-05
LHIE-03
\2706-05
 163€-05
. 283E-05
6326-03
. 210E-05
L 796€-05
 163E-05
.584E-05
. 240€-05
 167€-05
. 314€-05
247€-05
. 204E~05
. 386E-03
.120€-05
\2626-04
. 130€-05
502605
.339€-05
.395€-05
.209€-03
. 184E-04
 118E-05
 134E-04
L 406€-05
.976E-05
(231€-03
. 1398-04
(657605
1TE-04
. 134E-05
 1936-05



“ou
366
367
368
369
370
n
n
373
374
375
376
377
378
379
380
38!
382
383
384
385
386
387
388
189
390
391
392
393
394
395
396
397
398
399
400
40t
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
421
428
429
430

»AWILTVO
256€407
L224£407
3326407
L166E407
L 292E407
LS31E+0T
LJ36EH06
L256E407
L490£+07
1928407
1548407
.3B2E+07
L391E+06
L 495E+07
.588E+0S
LI91E+07
L226E407
.28BE+07
2728407
L504E+07
L3T7E407
L401E407
L246E407
1428407
L520£407
L130E406
L623E+06
B12E406
.425E+07
LIT4E406
2256407
J451E406
L456E+07
L447E407
.209E407
263407
.J08E+06
L479E406
L204E707
.125E4G6
L290E+07
L484E407
L516E407
162E406
L3228407
L1BLE407
.385E+07
L53TE+0T
.204E407
L181E407
L503E+07
182E+407
L391E+07
L3T9E+07
L478€+07
.295E+07
LI91E407
L235EH06
.997E+06
.178E407
4618406
.501E+07
.407€+407
2428407
ALTE407

100ty
.307E+04
.106E+05
J54E408
LLL14E+05
.200£+05
L78TE+04
L 165E+04
.445E+04
.J40E+05
(351404
109E+05
362E404
1728404
949k 404
244,

L219E405
3108404
L475E404
L347E+04
.234E405
L 158E+405
L259E405
1026405
6368104
.254E+09
3658404
2958404
L1B3E+04

.250€40¢
156E+05
1926404
1268405
225E+05
J126E409
4208404
J136E+04
.190£+04
.L109€+405
317.

LT45E+04
L605E+04
2036408
263.

499404
L 344E+04
.280E+05
.305E405
1326405
L601E+04
520404
.156E+04
JA91E+05
L151E405
.282E+05
.968E+04
402404
190,

(2426404
.108E+05
489.

.230E405
2328405
.169E+05
256405

~132£-04
.400E-05
.334E-05
.448E-05
.190E-03
.586E-05
.283E-04
.103E-04
.152E-05
L1428-04
.352€-05
.183E-05
.3526-04
.556E-05
.213E6-03
211E-05
.185E-04
.1026-04
LH32E-04
.225E-05
.275E-03
1438403
.475E-05
603E-05
.218E-09
L 139E-04
J197E-04
.246E-04
JA01E405 .
.156E-04
.320E-05
.215E-04
.J89E-05
.2168-05
J3158-05
.118E-04
.287€-04
.291E-04
.365€-05
.128E-03
.399€-05
.554E-05
.243E-05
J6TE-03
.951E-05
L144E-04
.204E-05
193E-05
.402€-05
.650E-05
.109€-04
L618E-05
.186E-05
.416E-05
.135£-05
462£-05
J917E-05
T15E-04
.157E-04
.410E-05
.870E-04
L211E-05
.159€-05
.J30E-05
J321E-05

3228-08



a3l
432
433
434
435
436
437
438
439
440
441
442
443
444
445
145
447
448
449
450

452
453
454
455
456
457
438
459
460
d61
452
463
464
465
466
467
468
469
470
471
472
473
474
475
476
477
478
479
480
481
482
483
484
485
486
487
488
489
490
491
492
493
494
495
496

L 189€+07
.198E+07
129£+07
4518407
L494E+07
L274E407
L354€407
L 346E407
.303E407
846E+08
L207E+06
L393E+07
L3B7E407
. 198E+07
2028407
L2T4E+07
3168406
L263E407
.820£+06
.664£406
45] .
.219€407
.861E+06
L232E407
L228E407
5386407
1326407
4306407
LT0LE+06
JLIEH07
1236407
L900£+06
1358407
L400£+07
L480£407
L439E407
L458E407
LL33EH0T
.399£407
.288£+07
.522E407
L263E407
L360E407
1248407
L232E406
L496E+07
ATBE+07
.238E407
L291E407
.535€+07
J313E+07
L368E407
L103E407
.J49E407
.542E408
L303E407
LS18E+07
L402€+407
LLEHOT
L9TLE+06
.930E+06
.428E+407
140407
L393E407
ATLIE40T
2226407

326406

J118E405
L102E+05
1336404
AT7E405
J103E405
.109E+05
.208E405
.256E405
.220€405
997,

878.

223E405
LL07E+05
.250£+04
(1208405
J129£408
176E+04
605E+04
1068404
J441E+04
L543E+04
L354E+04
J212E404
.B08E+0¢
1236405
1396408
5128404
3036405
L154E404
.360E+04
.5BLE+04
.594£404
J101E40S
JA36EH04
L 3206405
LB19E+04
L100E405
LGOLE+CS
L179E405
1478405
J361E405
L936E404
A41E405
LB01E+04
990.

.330E405
L976E+04
.B70E+04
.120E+04
.B95E+04
L400E+04
1976405
LT09E404
.994€+04
1448404
.529E+04
.134€405
J118E+0S |
J153E405
L160E+04
LS4TE404
L243E405
L46TEH04
J164E405 .
JA91EH0S
.561E+04

374605
(373€-05
296604
| 27BE-05
L3926-05
454E-05
. 1936-05
. 153€-05
.270€-05
388604
.599E-04
. 182€-05
. 336E-05
1726-04
L396E-05
304805
(1796-04
675E-05
181604
 105E-04
752€-05
164E-04
(272604
A11£-05
L3326-05
L307€-05
.665E-05
.1206-05
.218E-04
.381E-05
817€-05
L659€-05
4908-05
 130E-04
121E-05
(543605
480E-05
 349€-05
. 182€-05
. J08€-05
. 126E-05
416E-05
. 222E-05
(531€-05
.557E-04
L143E-05
.350€-05
496E-05
.675€-05
551E-05
107E-04
. 218€-05
.568E-05
636E-05
. 282€-04
161E-05
.298E-05

379E-05
294€-05

.316E-04

940E-05
219€-08

.113E-04

294£-05
283E-05

.692€-05

.



L T S O SV VI VIV vhdae Ve

498 4366407 1336405 L425E-05
499 .337E406 692. L 681E-04
500 .266E407 .709E+04 .691E-05



SOIL PCOCs: MODELED FROM WO0D PROCESS AREA TO THE ELIZABETH RIVER

FILE: MCER.INP/OUT

SIMULATION RUN FOR ALL PCOCs

Solld phase decay coefficient Iyr
Dlssolved phase decay coefficient 1/yr
Overall chemical decay coefficient 1/yr
Acid catalyzed nvdrolysis rate 1/ M-yr
Neutral hydrolysis rate constant Lyr
Base catalyzed hydrolysis rate LiM-yr

keference temperature C
Biodegradation coefficient (sat. zone) Lyr

Air diffusion coefficient cn2/s
Reference temperature for air diffusion €
Molecular weight g/M
Mole fraction of solute -~
vapor pressure of solute nm Hg
henry‘s law constant atm-n"3/M

Not currently used
Not currently used

RUN  DKOC KD KSAT
N ml/g 1yr
(4326407 L 157E405 L5026-05
(178E407 .4B7E+04 .BO9E-05
L290E+07 .169E+05 .490E-05
(160E+07 .377E+04 . 259E-04
(2636407 .5B4E+04 L129E-04
JATTEH0T 1275405 L414E-05
J23TE+0T .B19E+04 .B90E-05
8 1416407 .984E+04 L621E-05
9 .240E407 .279E+04 .390E-04
10 .120£+07 .811E+04 .685E-05
Ll . 466E+07 L18LE+05 .193E-05
12 .516E+07 .2026+05 .349E-05
13 .333E407 .212E405 .410E-05
14 .S15E+07 .352€405 .107E-05
15 .258E407 .578E+04 .156E-04
16 .454E+07 .8976+04 .857E-05
17 .183E+07 .934£+04 .411E-05
18 .479E407 3356405 .218E-05
19 .290£+07 .203£+05 .400E-05
20 .287E+07 .155E405 .445E-05
21 L414E+07 2656405 L266E-05
22 .179E+07 .121E405 .616E-05
3 5276407 .134E+05 .562£-05
24 3026407 .214€405 .277€-05
25 1076407 .80BE+04 .822E-05
26 . 444E+07 .271E+0S .136£-05
27 .451E+07 .704E+04 .697E-05
28 .202E+07 .109E405 .652E-05
29 .394E+07 .291£+05 ,216E-05
30 1166407 7626404 .126E-04
31 .269E+07 .700£+04 .987E-05
32 1S1E+07 .974€+04 ,525E-05
33 416E407 .561E+04 .940E-05
34 4B4E+05 304, L231E-03

~ O U B G R e

CHEMICAL IPECIFIC

0.000£+00
0.000£+00
0.000£+00
0.000E+00
0.000E+00
0.000£+00
25.9
0.0006E+00
0.000£+0C
25.0
0.000£+00
0.000£+00
0.000E40C
€.000E4C0
-%9¢,
-999,



33
36
37
38
19
49
41
42
43
44
45
46
47
48

~d el A —d -

s

[ I ~a —a
— O OB O U B D e

co

a D

o 00O GO O OO o
W ~d O N =

O o
< O

O O
~ o—

~O 0 O O O
[ R

0
~0

100

LEETY
LT43EH07
.280E+07
L212E407
L1978407
LS19E407
.228E+05
LI6LEHOT
4226407
1626407
L455E407
254E407
H21E408
S3SE407
456E407
J2RLEHDT
JI21E406
LS208206
286407
.529£407
LS13E+DT
JLLE07
LA41E407
36E0T
(6628106
1328407
.535E+07
.368E407
LS1GE+QT
L199E+07
L224E407
LS31E407
AT4EH0T
BULISIN
265E+07
2128407
L21TE40T
SL1LEH0T
254406
L1IBEH06
L343E406
.356E+06
LATREH0T
(1696407
L450E407
(2398407
LT94E406
A6LEH0T
LS10E+06
L530€+07
(4258407
3528407
L 355E407
L218E407
L2L1E+0T
L256EH)T
LISTEOT
JALTEROT
1436407
J46E+07
.J40E407
.4938£+07
696406
5628406
.485E+07
ATHEHOT

gyitrud
234405

.587E+04
.539E-05
.388£-05
.266E-05
.486€-03
.222€-05
472E-05
.870£-05
.617E-05
.826E-05
B47E-05
213€-38
1428405
383E-05
.469E-04
. 178E-04
S13E-05
LS51E-Q8
142E-05
L133E-04
.298E-05
.373E-04
.109E-0¢4
J910E-03

. 140E+05

145E405

.199€+405
119.

L226E405
1626405
J105E+05
LL16E405
A16E404
L468E404
JS06EH0S
J319E+05
C1B0EHOS
LT5E+04
L568E+)4
LG44E+04
L279E405
L336E405
LT57E404
L296E405
L 182£404
(4645404
L61SE404

2768405
L244E-05
J434E-05
B78E-C5
.210E-04
.309€-08
J951€-05
.338E-G4
.835E-05
. 146E-04
T24E-05
.392€-05
L3T4E-04
J1528-08
877E-04
. 184E-03
. 246E-05
.636E-0S
175€-05
.478E-05
J161E-04
.682E-05
.354E-04
.206E-05
.S14E-05
.169E-05
.295E-05
.802E-05
.330E-05
L434E-05
.302E-05
. 148€-04
.280€-04
.874£-09
J17E-05
.S0LE-05
.J07E-04
247E-04
.280E-05
. 145E-05

1798405
1156405
4526404
L307E+04
J189E+405
6728404
CLS4E404
LT30E404
A84E+04
LA07E404
160E+05
J91E+04
480.

898.

34,

.292£+409
276405
L331E05
J161E+05
.505E+04
.657E+04
682.

. 2258405
L233E405
S21E404
L157E405
LLOTE40S
118E405
L 194€405
1626405
(4648404
.291E+04
.961E+04
1016405
L978E+04
823,

2916404
L 262E405
.330€+405

T OISR
284E-05

107€-04

242£-05



AVLI LA00ETV: LZ0.LTV4 L0 TRl
102 .538E+07 . 324£+08 .251E-29
103 5328407 312E405 .147E-05
104 2156407 .100E+0S5 .406E-0%
105 .397E+07 148E405 .250€-05
106 .402£+07 .278E+05 .253€-0%
107 (192E407 .611E404 ,999E-05
108 .152£+06 931, JS21E-04
109 .298E+07 .778E+04 .509£-05
110 .239E+07 .922E+04 .376E-05
111 .248E+07 .920E+04 ,507E-05
112 3126405 225, .2928-42
113 .355E407 .193E+405 .356E-05
114 353E+07 193€+40S 421E-0S
115 .349E+07 [ 129E+05 .4L7E-05
1le . 360E+07 .£90E404 620E-C3
117 137E406 174, 247E-01

118 [322E+06 .IS9E+04 L 1SBE-U4
119 206840 L 103£+04 .758E-04
120 (J19E+07 (2126404 .856E-05
121 . 443E+07 (2008405 II9E-03
27 .298E+07 .488E+04 . 190£-C4
123 (301£407 .221E+05 .308E-03
124 (3698405 251, 242808
125 2306407 (LLTE+OS L 420E-CF
126 .494E+06 3746004 21nE-04
127 J1L1E+Q7 694E+04 [ B47E-08
128 41eE+Q07 .303E+05 .1BBE-0S
129 JJ91E+07 2518405 388E-05
130 2838407 . 144E+05 419E-05
131 4398407 (2016405 (228£-05
132 . 436E+07 .243£405 .324£-0%
113 5470407 (2728405 .I75E-05
134 .208E+07 958E+04 .£18E-05
135 264E+07 (498E+04 . [15E-0¢
13¢ 5328407 .342£+04 .8S2E-0S
137 (168E+07 .565£+04 ,108E-04

3B0E+07 L 244E+05 .299E-05
139 2436407 .40GE+04 .1T76E-04
140 L 119E+06 706. J1228-03
141 .207E+07 .B47£+04 .120E-04
142 521E+06 .153E+04 .528€-04
143 483E+07 .266£+05 L 263E-05
144 329E407 (17SE+0S .268E-05
145 .227E406 .126E+04 . 614E-04
146 491£407 (168E+05 .5TTE-0S
147 .418E+07 216E+05 .390E-05
148 (J45E407 223405 .173E-08
149 .481E+07 .280E+05 .341E-05
150 . 523E+07 .141£+05 .430E-05
151 .295E+07 .100E+05 .851E-05
152 .332£+07 .102£405 .506E-05
153 .491E407 .188E+05 .450E-05
154 .277E407 .S85E+04 .894E-05
155 .48BE+07 .124E+05 .691E-05
156 ,361E+07 .175E+05 ,251€-0%
157 (194E407 .232E+04 .418E-04
158 .502E+07 .313E405 .216E-05
159 .214E+07 .475E+04 .905E-05
160 377E+06 .268E+04 .162E-04
161 .403E+07 .112E+05 .B857E-05
162 .203E+07 .S15E+04 .142E-04
163 . 245E+07 L 314E+04 .219E-04
164 (223E+07 .124E405 .592E-05
165 .536E+07 .369E+05 .111E-05
166 .185E+07 4418404 .141E-04
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168
169
170
171
172
173
174

176
177
178
79
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
158
199
200
201
202
202
204
205
206
207
208
209
21
2t
212
213
214
215
216
217
218
219
220
221
222
223
224
225
226
227
228
229

231
232

VAYL I S AV
L401E+07
L527E407
1698407
1328407
.B15E+06 .
.138E407
L496E407
175 .
ATeEHQT7
L365E+07
L240E407
250407
LS4TE+07
L491E+07
.526E407
L260E407
CL44E+07
L T45E406
1828407
. L65E406
609E+08
778407
C544E4+07
4718407
1478407
.455E407
2326407
.386E+07
8228406
LI5TE+0s
LS128407
5438407
L241E407
.383E+07
.409E+07
.459E+07
2138407
L252E407
ATIEHQT
S13E407
L 204E406
L426E+06
.242E407
.408E+07
LJ97E+06
1958407
448£407
L261E407
156E407
316407
.329E+07
.396E+06
L246E+07
.388E+07
.265€+07
.259E+07
.352€+07
2978407
.503E+06
.525E+407
.524E407
.260E+06
230 .
ATIEROT
.453E+07

I7E+07

113E+07

SOSVLTUY T
J193E-C5
100E-05
.280E-04
JTHE-04
427E-04
.266E-04
4¢2E-05
.283E-04
. 182E-05
J101E-04
L770E-05
.547E-05
JTe7E-08
.241E-05
.238E-05
6398-05
.183E-04
.3B3E-04
AT5E-04
J120€-03
JL20E-04
.556E-05
.204E-05
J100E-04
L323E-04
.490£-05
.850E-03
.3758-05
J116E-04
L677E-04
152E-05
.249E-05
JA07E-04
.587E-05
186€-05
.363E-05
. 158E-04
.407€-09
.108E-04
.190€-05
.604E-04
476E-04
.939¢€-05
JA91E-05
.190£-04
.469E-05
.206E-05
.620E-05
.648E-05
.249E-05
.342E-05
187E-04
ALLE-05
.575E-05
.830£-05
.483E-05

LZ45E+05
LISLEH0S
. 184E+404
A63EH04
127€+04
L372E404
L109E405
L391E+04
L263E4+05
L960E+04
LLIBE+0S
L 144E405
JALLEH0S
2288405
L245E408
(1B0E+0S
JS81E+H04
1346404
L4T3E404
295.

L406E404
V7548404
L228E+05
L 185E404
3036404
CL79E40S
L969E+04
J102E405
L498E+04
L102E404
L279£405
RIRIZDHE
.BI8E+04
LL67E40S
.238E+08
.183E+05
S10E+H04
L122€405
LT75E404
230405
all.

. 125E404
L658E+04
.236E405
. 245E+04
L 128E405
.2B5E+05
.B4B8E+04
J107E405
.209€405
.188E+05
.265E404
124405
L 159E405
L122E405
C149E405
L917E404
J121E405 .
JISTEH04
LJ49E405 .
L326E405 .
134.
A66E+04
L254E405 .
J181E40S

-2C7v2

665£-05
889€-05
233E-04
216E-05
201E-05

107E-03

J45E-04
319€-05
S14E-05
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APPENDIX B4

PRINT-OUTS OF SOURCE.VAR FILES FOR
MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS



SOIL PCOCs: MODELED FROM NESTERN SOURCE (GROUNDWATER MQUND AREA) TO MCLOZ

FILE: MC102,INP/OUT
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SOIL PCOCs: MODELED FROM WOOD PROCESS AREA TO THE ELIZABETH RIVER
FILE: MCER.INP/QUT

SOURCE SPECIFIC

SIMULATION RUN FOR ALL PCOCs

Infiltration rate niyr 0.317
Area of waste dispesal unit n2 0.100£+05
Curation of pulse yr =393,
Source decav constant Iyr 0.000E+C0
Initial concentration at landfill mg/1 100,
RUN Q0 3IGMA L WID 0f
NO.  mfyr n (m) {m)
1,850 1.7 100, 100. 130
7.2 16.7 100. 100, JI71
3887 16.7 100 100, 645
4 742 16.7 100, 100. . 499
S 08¢ e, 7 100 100, 368
5,519 16.7 100 100. 43
7 .547 16.7 100, 100, 527
8 .37 1.7 100. 100. 916
8,709 16.7 100, 160, .130
10,538 16.7 100. 109. 581
11,347 16.7 100, 100 .855
12 .540 15.7 100 100 L7136
13 614 16.7 100 100, 559
14 240 16.7 100 100, 783
15 691 16,7 100 100. 560
16 471 16.7 100 100. 870
17 371 1¢.7 100 100. 761
18 .500 16.7 100 100. 328
{9 .ald 16.7 100 100, 750
20 .541 16,7 100 100. 738
21,566 16.7 100 10¢. 166
22 621 16.7 100 100. 702
21,501 16.7 100 100. 656
24 .494 16.7 100 100. 726
25 .548 16.7 100 100, 803
26,743 16.7 100 100, 813
21 .47 16.7 100 100. 568
28 .560 16.7 100 100. 721
29 .520 16.7 100 100. 900
30 .739 16.7 100 100, 608
I .59 16.7 100 100, 696
32 .360 16.7 100 100. 814
33,399 16,7 100 100, 990
34 545 16.7 160 109. 741
35 .709 16.7 100 100. 630
36 .629 16.7 100 100, 803
37 .512 16.7 100 100, 880
18 .522 16.7 100 100, 705
39 .537 16.7 100 100, 708
40 .88 16.7 100 100. 637
41 .540 16.7 100 100. 592
42 486 16.7 100 100. 608
43 623 16.7 100 100. 632
4 724 16.1 100 100, 725
45 645 16.7 100 100. 801
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APPENDIX B-§

PRINT-OUTS OF AQUIFER.VAR FILES FOR
MONTE-CARLO MODELS OF STEADY-STATE CONDITIONS
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533
562
.487
201
.535
.293
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276
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.564
481
301
425
341
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.483
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.68
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.27
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.69
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.65
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41
.26
.65
43
76
33
.57
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63
.04
.26

74

.41
.03
.45
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515.
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474,
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365.
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471,
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490.
445,
506,
397.
355,
479.
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490,
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474,
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450,
423,
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488.
418,
395.
489,
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397,
520.
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.9228-02
.121€-02
.956€-02
.295E-02
.996€-02
I917E-02
.324€-02
.931E-02
156£-02
.690E-02
J121E-02
.415£-02
941€-02
T10E-02
.346£-02
.360€-02
.857€-02
J187E-32
.263E-02
.692E-02
.1526-02
.B26E-02
.988E-02
.831€-02
.853€£-02
.694£-02
693E-02
.582£-02
.5498-02
LI17€6-02
.940E-02
.303E-02
.857€-02
.464E-02
.838€-02
.670E-02
397E-02
.811E-02
447E-02
.818E-02
.910€-02
J191E-02
.819E-02
.854£-02
.849£-02
JT61E-02
.649E-02
L634E-02
.642E-02
JI51E-02
.352E-02
.J05E-02
.958€-02
.905E-02
.7190E-02
J313E-02
.536E-02
.538E-02
.513E-02
.990€-02
661E-02
.804£-02
.999¢€-02
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.49
.01
.83
.80
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91
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.00
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.60
.25
7
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12
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.18
1
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.S74£-02
484€-02
JL1E-02
.T40E-02
JT7E-02 1.9
J415€-02 .27
L4158-02 3
594E-02 ¢4
JJ06E-02 3
135802 5
501€-02 3
641E-02 3
.392€-02 3
J1398-02 4
J196E-02 1
JA57E-02 3
S10E-02 3
J105E-02 3
L367E-02 2.54
.450£-02 ¢4
.236E-02 5
.587E-02 2
JT108-02 1
633E-02 ¢4
J7128-02 2
JJ328-02 1
415E-02 2
J51E-02 5
978E-02 1
.705E-02 4
.633E-02 2
.233E-02 . 155
JT46E-02 4.98
JT24E-02 4.4]
L524E-02 2.45
J128-02 .270
440£-02 4.85
.678E-02 4.82
6238-02 3.32
.451E-02 3.98
.280E-02 5.3¢4
461E-02 1.58
.399€-02 1.46
.296E-02 .421
.5158-02 .687
L165E-02 3.76
.5398-02 2.72
L269E-02 4,04
.292€-02 .687
.2628-02 .522
.3478-02 1.02
J128-02 2.30
.3708-02 2.17
.563E-02 3.79
.288€-02 3.35
691£-02 .826E-01
.207E-02 4.40
J116E-02 .827
.588E-02 2.87
L184E-02 1.99
.1826-02 5.33
621E-02 3.21
6T4E-02 1,22
.446E-02 407
.350€-02 2.81
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PEYIZINS
JJ61E+05
J128E+05
L434£408
J326E498
J926E403
JIBE+0S
L609E+05
J102E+0¢
L9LIE+0S
1238408
.498£+05
R03E+0S
1364035
2698404
561E405
1426402
L921E424
987E+08
.846E405
JOTEHOS
L148E105
.102E406
L915E+05
L901E+05
L489E+05
L136E+04
L124E405
9226404
.803E+05
L590E+03
L506E+405
J538E403
LB27E405
1038406
L126E404
LS51E+03
.500£+405
(142E406
790405
.822E+0S
L605E405
LSTLESCH
L223E405
.408E+05
. 283E+04
190405
L267E405
.235E+05
L6TIEH0S
. 180€405
L120£+405
158405
.306E4035
LI63E405
.104E+06
L 108£+05
.899£+04
L6T4E405
.145E405
L95€E+04
.339E+05
.222€405
L824E405
JJ3LE+05



178 .728E-01 .563 1.26 -7 4.306 383. L691E-02 21.8 T 0338-32 4,02 4.3 4,70 L7B5E+05
179 .5298-02 .309 1.36 4.6l 497. L409E-02 23.7 7.42 .2268-02 4,34 4.0l 6.59 .B50E+Q4
180 .B13E-01 .435 1.2 -5 410. 637E-02 23.0 8.87 .3428-02 . 19¢ 5.74 .00 L169E+05
181 .103 .382 1.74 5.3 420. .B00E-02 22.5 3.22 .735E-02 4.28 5.34 3.8¢0 L681E+05
182 .145 445 1.5 5.7 482. .488E-02 17.2 6.04 J2188-02 171 5.7 5.29 .J47E405
183 .998€-01 .379 1.30 5.10 535, .6426-02 17.8 7.1% J3728-02 2,12 5.10 9.07 L420E+04
184 .121 L334 1.41 .15 512. .558E-02 21.4 6.36 L213E-02 3.62 4.75 8.55 .220E+05
185 .166 326 1.60 5.96 395. 524E-02 22.1 8.2 .483E-G2 4.08 5.96 .33 L918E+0S
186 .702E-01 .438 1.60 5.17 413, .898E-02 20.2 7.4 J190E-02 2.71 5.77 .47 .287E404
187 .134E-01 .Jsl 1.67 4.63 179. .625E-02 20.7 8.88 .2186-02 .53 4.63 6.57 BTSEYO4
188 .153 .538 1.7 5.98 474, .738E-02 21 .4 8.31 .264E-02 3.58 5.58 6.50 . 104E+05
189 .520€-02 .413 1.25 5.28 420. J763E-02 19.9 8.10 .580E-02 2.77 5.28 1.17 LHI6E+0S
190 .130 .566 1.52 4.88 522. .9668-02 19.7 6.46 JJ29E-02 3.49 4.88 8.91 . 205E+04
191 . 150 543 1.28 5.40 395. J914E-02 16.7 6.93 J2428-02 (138 5.40 3.74 .300E+05
192 104 536 1.65 5.7 374, J4136-02 17.3 8.21 A97E-02 2.63 5.7% 2.88 L620E+05
193 .120 .08 1.54 4.38 477, .552€-02 23.2 g.13 S18E-02 2.47 4.98 6.12 L183E+05
194 173 .471 1.60 4.62 473, B18E-02 17.5 6.76 J174E-02 4.30 4.62 8.21 1426405
195 .894€-01 383 1.76 ¢4.33 520, .781E-02 18.3 6.11 231E-02 3.49 4.83 10.5 .5456E+05
196 .563E-01 .301 1.7 5.23 7. .306£-02 18.2 1.27 .575£-02 1.32 5.23 4,34 (135E+0¢
197 145 346 1.44 5.36 402. 973E-02 22.1 8.30 .S18E-02 .208 5.36 1.3 L156E405
198 .344E-01 .30t 1.45 5.14 501. .823E-02 20.7 1.32 .4798-02 .84 S.14 127 . 549E+05
199 .160 459 1.7 4.85 496, .627E-02 16.5 1.57 4726-02 1.26 4.85 6.71 JS37E+08
200 194 .457 1.58 5.50 519. .589E£-02 20.8 1.73 .286€-02 2.17 5.50 6.69 .954E+04
201 .180 485 1.72 4.81 508. .305€-02 le.8 7.96 190E-02 .24 4.81 9.82 3416405
202 174 276 1.28 5.48 441, .B84E-02 16.6 8.62 J83TE-02 2,03 5.48 14.1 129E406
203 .440E-01 263 175 5.26 352. J317E-02 23.9 .30 L445E-02 3.50 .26 4.25 .887£+05
204 .541£-02 .355 1.52 5.51 187. 686E-02 22.5 .19 .629€-02 2.2 5.6l 7.49 .209E+05
205 .102 L2064 1.69 5.93 365. .356€-02 23.3 6.24 2758-92 5.32 5.95 4.97 .629E+05
206 .630£-01 331 1.48 5.1 501, .565£-02 16.1 7.00 .955E-02 4.67 5.11 8.56 L537E408
207 163 379 1.46 5.07 393. L676E-02 213 ¢.48 J198E-02 1.15 5.07 6.99 401E£405
208 .S14E-01 .335 1.59 5.25 484, .358€-02 20.9 7.98 .6248-02 1.2 5.25 5.1¢ .590E+05
209 .17¢ 304 .38 5.70 489. .837€-02 22.9 6.96 J158-02 1.53 5.70 13.3 L232eH08
210 1196 A9 1.51 4.69 417, (444E-02 17.2 8.66 .3878-32 1.90 4.69 4.28 .200£403
211 .226E-01 310 1.37 5.15 365. .820£-02 17.8 6.61 J17E-92 2,12 5.15 9.67 23E-0)
212 .738E-01 403 1.5 5.76 510. J132E-02 16.4 8.33 .148E-02 4.38 5.76 9.27 264.

213 .996E-01 354 1.47 4.65 7. JI976-02 20.3 6.82 .149E-02 3.78 4,565 £.36 2035408
214 105 444 1.55 5.20 184. .904E-02 17.9 6.9 JH01E-02 4.59 5.2 7.81 LLL4EH0S
215 . 134E-01 378 1.49 4.84 504, .402E-02 24.9 6.48 J191E-07 4.38 4.84 5.35 JA30E+05
218 . 162 471 1.45 4.98 312, .913E6-02 24.1 6.75 J314E-02 4.41 4.98 7.20 .303E+05
217 169 .270 1.59 5.86 454, .435€-02 6.1 647 .29%E-02 2.1 5.86 1.66 L J09E+05
218 .189 307 1.41 © 5.05 484, .887€-02 20.0 1.81 L479E-02 4.92 5.05 14.0 .900E+04
219 .159 328 1.32 5.02 379. .328€-02 20.8 6.19 .279E-02 4.10 5.02 3.79 .259E+04
220 .17¢4 323 1.51 4.94 466. JT24E8-02 22.5 7.95 .254€-02 205 4.94 10.5 .556E+05
221 777801 442 1.72 4.89 449, .866E-02 21.5 6.59 JI428-02 1.56 4,89 8.80 LT04E+05
222 140 415 1.7 4.91 416, .457E-02 22.4 8.30 433E-02 .298 4.91 4,57 .681E+05
223 183 496 1.38 4.73 451, .247E-02 22.38 1.99 JT24E-02 3.9¢6 4.73 2.28 L923Et04
224 .614E-01 .284 1.30 5.67 398. JJ25E-02 17.6 8.3 .118E-02 }.58 5.67 10.2 L279E405
225 T76E-01 276 1.7% 4,97 422, .950€-02 21.4 1.1 180E-02 2.46 4.97 14.5 .201E405
226 159 473 1.3 5.21 471, .S01E-02 16.0 8.08 .346E-02 5.07 5.2 4.99 .493E+04
227 197 . 569 1.61 5.99 430. L611E-02 16.3 6.48 3258-02 2.76 5.99 4.61 436E+04
228 .991E-01 371 1.53 4.72 513. .812E-02 20.0 7.98 4218-02 3.59 .72 11.2 676E405
229 110 528 1.59 5.95 518, .905€-02 18.5 7.58 6928-02 4.57 £.95 §.80 (930E+0S
230 .783E-01 4583 1.64 5.63 456. .290£-02 17.0 7.6 .694E-02 1.34 5.63 2.92 1156406
231 130£-01 443 173 5.2 459, L621E-02 19.3 7.41 .223E-02 235 5.22 §.43 ASIEH0S
232 102 460 1.52 6.04 372. .744E-02 19.9 6.56 .299€-02 5.86 6.04 6.01 .295E+04
273 .185E-01 .299 175 4. 74 447, .895E-02 22.0 7.24 .522€-02 4.30 4.74 12.9 7438404
234 151 .381 1.54 5.08 535. .659E-02 23.4 6.06 .637€-02 .72 5.08 10.0 .226£405
235 .213E-02 454 1.70 5.62 461. .622E-02 23.5 1.17 .526E-02 4.86 5.62 6.32 2128408
236 132 .288 1.38 5.10 476, .,934E-02 18.9 7.32 .658E-02 3.20 5.1 15.6 L133E406
237 194 .282 1.39 5.52 415, .898E-02 17.8 8.10 .549€-02 2.20 5.52 13.2 420£+05
218 .272E-01 .484 1.67 4.92 421, JTT4E-02 197 71.62 7378-02 569 4.92 6.74 .118E+06
239 .160 351 1.53 5.71 513. LJ30E-02 24.6 7.86 .265E-02 3.72 5.71 4.83 .528E+09
240 .161E-01 .362 1.30 4.84 443, .607E-02 18.6 8.17 L242E-02 1. 14 4.84 7.43 L404E+05
241 .997€-02 .510 1.36 6.04 487, .268E-02 24.3 8.62 L474E-02 502 6.04 2.56 .596E405
242 119 278 1.61 6.00 502. .734£-02 22.9 1.25 .T22E-02 2.85 6.00 13.3 1258405
243 .994E-01 .512 1.%9 6.04 499, .844E-02 23.9 6.63 .6828-02 5.12 6.04 8.23 .8BIE+CS
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150
.610E-01
L244E-01
A28
50
134
62
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.330E-01L
AB3E-02
16l
524E-01
.539E-01
192
129
.182
L3T2E-01
.993E-01
.BB9E-02
.9458-01
.294£-01
116
.338E-01
L966E-01
J923¢-01
140
L1836
A7
935¢8-01
.187
.614E-02
03
187
.539€-01
.498E-01
.274£-01
143
143
L7
.860£-01
194
L6778-01
112
.668E-01
L217E-01
J72E-02
.330£-01
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.886E-01
A77
L347E-01
138
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157
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51S.
448,
534,
5iz.
502.
418.
477,
407.
448.
448,
510.
459,
487,
349,
400.
453,
444,
487,
448,
427.
449,
194,
390.
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391,
406.
378,
514.
474,
529.
371.
438,
495,
422.
385.
534,
426.
367,
485,
314,
447,
500.
452,
367.
388.
347,
533.
371,
459.
362.
418,
470,
479.
432,
385.
420,
504.
431,
388.
467.
518.
441,
478.
497,

L706E-02 20.
.895E-02
.288E-02
.745E-02
.B60E-02
L1798-02
S13E-02
.996E-02
.692E-02
.515E-02
L660E-02
.269£-02
.186E-02
J161E-02
.941E-02
L921E-02
.130E-02
.B75£-02
.596€-02
.493E-02
.223E-02
.852€-02
. T64E-02
.790€-02
.957€-02
.951E-02
- .990E-02
.906E-02
L125€-02
.397E-02
.556E-02
.815E-02
.564£-02
L967E-02
.494£-02
.534E-02
J147E-02
444E-02
L974E-02
221€-02
637E-02
.679€-02
.708E-02
.182E-02
L6728-02
.465E-02
.858E-02
.485E-02
.578E-02
. 146E-02
.636E-02
.749E-02
.829E-02
.T25E-02
.645E-02
.502E-02
.891E-02
.689€-02
.763E-02
.B63E-02
J176E-02
J911E-02
.344E-02
.359€-02
.481E-02
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J1328-02
L591E-02
.247E-02
.479E-02
.520€-02
136E-02
.249¢€-02
L694E-02
L227E-02
.619E-02
.168E-02
.383E-02
.S45E-02
.322E-02
.639E-02
.135€-02
.301£-02
.242E-02
.547E-02
A21E-02
L694E-02
467E-02
.269E-02
L 192E-02
L274E-02
.304E-02
.666€-02
.532¢-02
.236E-02
.442€-02
541€-02
L 424E-02
.550€-02
.572€-02
.182€-02
.261€-02
.505€-02
.500€-02
.563E-02
.595€-02
JT41E-02
J121E-02
JLLIE-02
.122€-02
.360E-02
.168E-02
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Y
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400
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307
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.480
466
A3
447
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SOIL PCOCs: MODELED FROM ﬁUOQ'PROCESS AREA TO THE ELIZABETH RIVER

FILE: MCER.INP/QUY

ARUIFER SPECIFIC
SIMULATICN RUN FOR ALL PCOCs
Langitudinal dispersivity m 24.4
Transverse disparsivity m 8.13
vertical dispsrsivity n 1.37
well distance from site ] 244,
Angle off canter degree 0.90GE+00
RUN  DIAM THETAS  RHOB BAQGFR DKS ¢s TENP M il It HSOURC 1L RETARL
NO. cm gjce ] n/yr ¢ {m n afyr
1.191 528 168 4,87 JI25E+04 657E-02 179 6.58 Ig38-02 3.3 4,37 40.4 LSOIEH0S
2 .937E-01 .39 1.52 5.5 J296E404 (627E-02 19,9 8.01 JOTAE-02 178 5.3% 4.7 J189E+03
I 520 143 5.55 JILTEHO4 L068E-02 1B.S 7.91 £51€-02 . 118 3.5% 40.7 L464£+03
4 178 432 1.2 6.95 JST4EH04 L6712-02 17.8 7.22 J235E-92 3.3 6.05 58.2 LL10Et05
5,128 408 1,83 5.59% L240E704 Lel28-02 21.1 6.54 J2226-02 2.09 3.3% 3.3 2198405
6 . 190 567 1.73 5.70 L2T4E404 L 635E-02 18.2 6.17 LT17E-32 5,69 5.70 M) . 388E+05
7 U794E-01 199 1.29 5.82 J3T5EH04 LebLE-02 19.7 7.48 L J46E-07 4,60 .82 62.1 .265E+05
8 .138E-02 .563 1.61 5.8% J2012E404 L 569E-02 24.7 7.2 .698E-02 3.18 5.85 8.2 . 2828405
5 112 389 1.26 5.16 LI25E+04 L 618E-02 20.2 5.17 L7502 409 S 6.1 L3B1E+04
10 .167 317 1.72 5.86 JJ38E+04 L661E-02 23.0 6.36 675E-02 5.35 3.86 66.2 4138403
11 .573E-92 395 17l 5.83 2318404 660E-02 23.8 8.49 138E-92 1.30 5.8 8.5 L783E40S
12 .767€-01 .3%¢ 1.39 5.48 JIL1E+04 L606E-02 23.1 8.54 J392E-C2 2.12 5.48 47.3 7168405
13,149 365 1.32 5.36 L3I5E+04 ,64]E-02 18,3 8.1 LAI5E-02 4,19 $.36 46,1 008908
14 ,415E-02 .309 1.87 5.39 2838404 L 534E-02 230 7.94 LB84E-02 2,51 5.39 58.2 L 190E+0s
15,171 388 1,28 6.00 LI18E+04 L6028-02 19.9 7.0 L2248-92 3.8 5.00 49,4 L19GE+0S
16 177 378 1,29 4,77 L2B7E+04 (637E-02 18.5 7.92 .138E-02 .87 4,77 48.4 L305E405
17 (114 .182 174 5.56 J275E404 L654E-02 17.5 §.81 JSI0E-02 466 5.%6 41,4 L425E+08
18 .91L1E-01 .405 1.42 4.87 J270E404 L627E-02 23.9 6.81 700E-02 1.57 §.33 41.3 7B
19 .103 403 1.42 5.3 J296E+04 L 641E-02 21,3 6.91 S22£-02 4.51 5.33 47.0 JT14E+0S
20 .158 453 1.43 5.46 J279E404 . 679E-02 18.8 6.08 LS41E-02 L 449 5.4¢ 41.8 L492E+05
21 (420E-01 .462 1.59 5.03 .330E+04 ,396E-02 24.¢6 7.48 L540E-02 1.5¢ 5.03 42.7 LI16E403
22 .77 .355 1.65 5.03 J3TIEH04 (648E-02 17.5 8.39 JHTIE-02 4,14 5.03 60.4 .564E405
23 191 . 264 1.27 5.27 J353E+04 L 622E-02 17.0 §8.40 L253E-02 4.51 5.27 83.1 LS41E40S
24 .108 346 1.68 4.97 JJ12E404 L475E-02 22.3 8.96 JJ07E-02 1,37 4,97 60.8 L104E+08
25 .874£-01 .358 1,74 4.75 JJ20E404 L621E-02 17.3 6.93 J787E-02 3,18 4.75 55.6 J393E+408
26 .66BE-01 436 1.55 5.97 J245E+04 639E-02 19.3 7.94 JSLLE-02 101 5.97 35.9 969£405
7 .292E-01 .504 1.58 5.51 JI61EH04 L671E-02 19.8 7.48 J156E-02 1.91 5.51 48.1 L221E408
28 .B16E-01 .464 1.30 6.06 L2T6EH04 L630E-02 16.4 8.59 J541E-02 1,01 6.06 7.5 L 306E405
29 .124 320 1.61 5.13 L265E+04 L 621E-02 16.5 7.33 LT40E-02 2.19 <13 51.3 J147E+0¢
10 .107 335 1.46 5.26 J353E+04 L672E-02 23.4 §.56 .656E-02 .88 5.26 70.8 LJ32E405
3120 312 1.48 5.80 .295E+04 637E-02 18.9 §.83 .260£-02 3.87 5.80 0.3 L333E405
32 .183 444 1.2 5.11 J2T1E+04 (6726-02 18.2 7.45 L644E-02 1,90 5.11 4.1 LJ02E405
33179 L4 1.30 5.81 (198E+04 L 666E-02 16.0 8.24 J138E-02 3.80 5.81 i8.7 2148405
34,122 472 1.57 4.9¢ J3420404 L60TE-02 17.2 6.56 .628E-02 1.20 4,94 43.9 LL01E+04
15 ,742€-01 .385 1.40 .01 LJ09E+04 64BE-02 17.4 7.04 JIS1E-02 1.82 6.01 51.9 L326E405
36 173 342 1.63 5.78 .268E+04 (611£-02 19.4 9.00 J634E-02 2.44 5.78 47.8 J112E406
37 .38LE-01 .324 1.41 5.80 L249E+04 ,599€-02 16.4 8.85 J200€-02 2.27 5.80 45.9 .255£405
38 .312€-01 .953 1.43 4.83 .I56E+04 626E-02 24.8 6.01 L661E-02 2.01 4.83 40.3 L 363E405
39 .749E-01 .402 1.65 5.76 L2T4E404 ,679E-02 19.4 7.87 .738E-02 4.70 5.76 46.3 L598E+05
40 .452E-01 .504 1.27 5.80 .328E+04 .625E-02 24.5 6.2 .386E-02 701 5.80 40.7 498405
41 147 .395 1.69 5.92 LI6TEH04 L 633E-02 17.3 3.83 .5226-02 4.46 5.52 8.8 510,
42 .148 .418 1.72 5.65 .J60E+04 L613E-02 24.6 6.42 .626E-02 3.92 5.65 52.8 .929E+05
43 150 .360 1.42 5.75 LJ35E404 L 6226-02 21.4 6.10 .383E-02 .833 5.79 57.9 L636EH05
44 163 330 1.46 5.43 L287E404 671E-02 16.9 8.75 .649E-02 .900£-01 5.43 58.5 .465E405
45 144 St 1.59 5.68 L261E+04 L 639E-02 20.4 8.40 .254E-02 4.4 5.68 32.6 L 360E+C5
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5.47
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5.45
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JJ4TEH04
V3726404
.209E+04
L265E+04
L336E404
L240E404
. 305E+04
L326E404
.280E+04
L307E+04
3726404
L374E404
284E+04
LI60E+04
.378E+04
LI08E+04
L261E404
.253E+04
L279E+04
L331E+04
LJ0TEH04
. J66E404
2468404
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LJ66E04
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621E-02
.648E-02
L667E-02
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.661E-02
L614E-02
.662E-02
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.T00E-02
L621E-02
LS47E-02
.708E-02
.330€-02
.527E-02
655E-07
.684E-02
L670E-02
133E-02
.100€-02
A467E-02
.515€-02
.488E-02
.359E-02
.2328-02
JA3TE-02
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ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA
OCTOBER 8, 1991
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BARE GROUND

LAYER 1

VERTICAL PERCOLATION LAYER

THICKNESS = 36.00 INCHES
EVAPORATION COEFFICIENT = 3.100 MM/DAY**0.5
POROSITY = 0.3665 voL/voL
FIELD CAPACITY = 0.1903 vOL/voL
WILTING POINT = 0.0920 VOL/VOL
EFFECTIVE HYDRAULIC CONDUCTIVITY = 0.02750000 INCHES/HR

GENERAL SIMULATION DATA

................. remane

SCS RUNOFF CURVE NUMBER = 88.12

TOTAL AREA OF COVER = 427230. SQ. FT

EVAPORATIVE ZONE DEPTH = 4.00 INCHES

EFFECTIVE EVAPORATION COEFFICIENT = 3.100 MM/DAY**0.5

UPPER LIMIT VEG. STORAGE = 1.4660 INCHES

INITIAL VEG. STORAGE = 0.5646 INCHES
CLIMATOLOGIC DATA FOR NORFOLX VIRGINIA

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY /NOV JUN/DEC

39.99 41.50 47.77 57.13 67.08 76.94
78.61 77.10 70.83 61.47 51.52 43.66



MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC
73.21 155.53 281.98 418.69 529.02 583.41
567.29 484 .97 358.52 221.81 111.48 57.09

LEAF AREA INDEX TABLE

DATE LAI
1 0.00
78 0.00
103 0.00
129 0.00
154 0.00
180 0.00
205 0.00
230 0.00
256 0.00
281 0.00
307 0.00
332 0.00
366 0.00
BARE GROUND
WINTER COVER FACTOR = 0.00
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AVERAGE MONTHLY TOTALS FOR 74 THROUGH 78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 4.02 2.52 5.02 2.72 3.98 3.64
6.26 3.58 3.33 2.98 2.99 3.33

RUNOFF (INCHES) 0.802 0.291 1.485 0.730 0.760 0.964
2,467 1.194 0.904 0.555 0.724 0.503

EVAPOTRANSP IRAT {ON 0.733  1.119  1.971  1.748 2.497 2.336
(INCHES) 2.896 2.113 1.913 1,520 1.028 0.637

PERCOLATION FROM BASE 2.4788 1.4475 1.4561 0.7274 0.6270 0.5461
OF COVER (INCHES) 0.6386 0.5769 0.4708 0.6013 0.8996 1.9941

DRAINAGE FROM BASE OF 0.000 0.000 0.000 0.000 0.000 0.000
COVER (INCHES) 0.000 0.000 0.000 0.000 0.00¢ 0.000
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LA 222 R S Rl d Rt ittt ittt i d st dd il ielideleldsy)

AVERAGE ANNUAL TOTALS FOR 74 THROUGH 78

PRECIPITATION b4 b4 1582175. 100.00
RUNOFF 11.379 405110. 25.60
EVAPOTRANSPIRATION 20.512 730294. 46.16
PERCOLATION FROM BASE OF COVER 12.4642 443758, 28.05
DRAINAGE FROM BASE OF COVER 0.000 0. 0.00

(343422222222 alas iRl astdd ittt s dals ittt sddsdss)

ARARERAA RN RN AR ERNNTR AR TR NN RNARRARREN XA AR IAAR AR AR AR AAARAN AR ANV AND

PEAK DAILY VALUES FOR 74 THROUGH 78

PRECIPITATION 3.81 135645.5
RUNOFF 2.921% 104007.8
PERCOLATION FROM BASE OF COVER 0.1884 6707.4
DRAINAGE FROM BASE OF COVER 0.000 0.0
HEAD ON BASE OF COVER 0.0

SNOW WATER 0.00 0.0
MAXIMUM VEG. SOIL WATER (VOL/VOL) 0.3396

MINIMUM VEG. SOIL WATER (vOL/VOL) 0.0812
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ATLANTIC WOOD INDUSTRIES, INC.
PORTSMOUTH, VA
OCTOBER 8, 1991
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BARE GROUND

LAYER 1

VERTICAL PERCOLATION LAYER

THICKNESS = 36.00 INCHES
EVAPORATION COEFFICIENT = 3.100 MM/DAY**0.5
POROSITY = 0.2907 voL/vot
FIELD CAPACITY = 0.1415 voL/voL
WILTING POINT = 0.0500 voL/voL
EFFECTIVE HYDRAULIC CONDUCTIVITY = 0.27000001 INCHES/HR
GENERAL SIMULATION DATA
SCS RUNOFF CURVE NUMBER = 80.34
TOTAL AREA OF COVER = 427230. sq. FT
EVAPORATIVE ZONE DEPTH = 4.00 INCHES
EFFECTIVE EVAPORATION COEFFICIENT = 3.100 wM/DAY**0.S
UPPER LIMIT VEG. STORAGE = 1.1628 INCHES
INITIAL VEG. STORAGE = 0.3830 INCHES
CLIMATOLOGIC DATA FOR NORFOLK VIRGINIA

MONTHLY MEAN TEMPERATURES, DEGREES FAHRENHEIT

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NQV JUN/DEC

39.99 41.50 &7.77 57.13 67.08 74.94
78.61 77.10 70.83 61.47 51.52 43.66
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" MONTHLY MEANS SOLAR RADIATION, LANGLEYS PER DAY

JAN/JUL  FEB/AUG MAR/SEP

73.21 155.53 281.98
567.29 484.97 358.52

LEAF AREA INDEX TABLE

APR/OCT

418.69
221.81

DATE LAl
1 0.00
78 0.00
103 0.00
129 0.00
154 0.00
180 0.00
205 0.00
230 0.00
256 0.00
281 0.00
307 0.00
332 0.00
366 0.00
BARE GROUND

WINTER COVER FACTOR =

MAY/NOV

529.02
111.48

0.00

JUN/DEC

583.41
57.09

WRREAABARARRAR AN ERRL AN AT ERRRAR R R AT R AR AR AR AR TN RRART AR ARSI RN N

AVERAGE MONTHLY TOTALS FOR 74 THROUGH

78

JAN/JUL FEB/AUG MAR/SEP APR/OCT MAY/NOV JUN/DEC

PRECIPITATION (INCHES) 4.02 2.52

6.26 3.58

RUNOFF (INCHES) 0.047 0.001
0.630 0.269

EVAPOTRANSP IRATION 0.751  1.093
(INCHES) 2.821 1.986

PERCOLATION FROM BASE 3.4290 1.4695
OF COVER (INCHES) 2.6564 1.4741

DRAINAGE FROM BASE OF 0.000 0.000
COVER (INCHES) 0.000 0.000

2.9001
1.4041

0.000
0.000

0.096
0.028

1.633
1.405

1.1185
1.4077

0.053
0.197

2.431
0.907

1.4968
1.6481

0.117
0.000

2.154
0.653

1.4490
2.6413

ARR RGN TR RRR RS BN N TR IR ART SRR NR AR NAN A AR AR RO RNNCARINR AN AR T ATV ST I VR Y



	Table of Contents
	Introduction
	Site Application Objectives of the Multimed Model
	Parameters Defining Input and Output Files of Multimed
	Use of Output Data for Derivation of Site-Specific Soil Cleanup Goals
	Results
	Uncertainties
	Appendix A
	Appendix B

